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Introduction

Food safety is a complex issue that has an impact on all segments of society, from the public to
government, industry, and academia. The second edition of the Bad Bug Book, published by the
Center for Food Safety and Applied Nutrition, of the Food and Drug Administration (FDA), U.S.
Department of Health and Human Services, provides current information about the major known
agents that cause foodborne illness. The information provided in this handbook is abbreviated
and general in nature, and is intended for practical use. It is not intended to be a comprehensive
scientific or clinical reference.

Under the laws administered by FDA, a food is adulterated if it contains (1) a poisonous or
otherwise harmful substance that is not an inherent natural constituent of the food itself, in an
amount that poses a reasonable possibility of injury to health, or (2) a substance that is an
inherent natural constituent of the food itself; is not the result of environmental, agricultural,
industrial, or other contamination; and is present in an amount that ordinarily renders the food
injurious to health. The first includes, for example, a toxin produced by a fungus that has
contaminated a food, or a pathogenic bacterium or virus, if the amount present in the food may
be injurious to health. An example of the second is the tetrodotoxin that occurs naturally in some
organs of some types of pufferfish and that ordinarily will make the fish injurious to health. In
either case, foods adulterated with these agents are prohibited from being introduced, or offered
for introduction, into interstate commerce.

Our scientific understanding of pathogenic microorganisms and their toxins is continually
advancing. When scientific evidence shows that a particular microorganism or its toxins can
cause foodborne illness, the FDA may consider that microorganism to be capable of causing a
food to be adulterated. Our knowledge may advance so rapidly that, in some cases, an organism
found to be capable of adulterating food might not yet be listed in this handbook. In those
situations, the FDA still can take regulatory action against the adulterated food.

The agents described in this book range from live pathogenic organisms, such as bacteria,
protozoa, worms, and fungi, to non-living entities, such as viruses, prions, and natural toxins.
Included in the chapters are descriptions of the agents’ characteristics, habitats and food sources,
infective doses, and general disease symptoms and complications. Also included are examples of
outbreaks, if applicable; the frequency with which the agent causes illness in the U.S.; and
susceptible populations. In addition, the chapters contain brief overviews of the analytical
methods used to detect, isolate, and/or identify the pathogens or toxins.
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However, while some general survival and inactivation characteristics are included, it is beyond
the scope of this book to provide data, such as D and z values, that are used to establish
processes for the elimination of pathogenic bacteria and fungi in foods. One reason is that
inactivation parameters for a given organism may vary somewhat, depending on a number of
factors at the time of measurement. For more information on this topic, readers may wish to
consult other resources. One example is the International Commission on Microbiological
Specifications for Foods, the source of a comprehensive book (Microorganisms in Foods 5.
Characteristics of Microbial Pathogens) on the heat resistance (D and z values) of foodborne
pathogens in various food matrices, as well as data on survival and growth in many foods,
including data on water activity and pH.

The Bad Bug Book chapters about pathogenic bacteria are divided into two main groups, based
on the structure of the microbes’ cell wall: Gram negative and Gram positive. A few new
chapters have been added, reflecting increased interest in certain microorganisms as foodborne
pathogens or as potential sources of toxins.

Another new feature is the brief section for consumers that appears in each chapter and is set
apart from the main text. These sections provide highlights of information, about the microbe or
toxin, that will be of interest to consumers, as well as information and links regarding safe food-
handling practices. A glossary for consumers is included at the end of the book, separately from
the technical glossary.

Various chapters link readers to Federal agencies with an interest in food safety, including the
FDA, the Centers for Disease Control and Prevention (CDC), and the U.S. Department of
Agriculture Food Safety Inspection Service. These are the primary agencies that collaborate to
investigate outbreaks of foodborne illness, prevent foodborne illness, and advance the field of
food safety, to protect the public’s health. In addition, some technical terms have been linked to
the National Library of Medicine’s Entrez glossary.

Links to recent articles from the CDC’s Morbidity and Mortality Weekly Reports are provided in
selected chapters, to provide readers with current information about outbreaks or incidents of
foodborne disease. At the end of selected chapters about pathogenic microorganisms, hypertext
links are included to relevant Entrez abstracts and GenBank genetic loci.


http://www.icmsf.org/publications/books.html
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Introduction for Consumers: A Snapshot

Each chapter in this book is about a pathogen — a bacterium, virus, or parasite — or a natural toxin
that can contaminate food and cause illness. The book was prepared by the Food and Drug
Administration (FDA) and contains scientific and technical information about the major
pathogens that cause these kinds of illnesses. A separate “consumer box” in each chapter
provides non-technical information, in everyday language. The boxes describe plainly what can
make you sick and, more important, how to prevent it.

Most foodborne illnesses, while unpleasant, go away by themselves and don’t have lasting
effects. But you’ll read about some pathogens that can be more serious, have long-lasting effects,
or cause death. To put these pathogens in perspective, think about how many different foods and
how many times you eat each day, all year, without getting sick from the food. The FDA and
other Federal agencies work together and with the food industry to make the U.S. food supply
one of the safest in the world.

You also play a part in the safety of what you eat. When you read the consumer boxes, you’ll see
that different pathogens can be risky in different ways, and that a safety step that’s effective
against one might not be as effective against another. So what should you do? The answer is to
follow some simple steps that, together, lower the risk from most pathogens.

Washing your hands before and after handling food, and in between handling different foods, is
one of the most important steps you can take. Do the same with equipment, utensils, and
countertops.

Wash raw fruits and vegetables under running water. These nutritious foods usually are safe, as
you probably know from the many times you’ve eaten them, but wash them just in case they’ve
somehow become contaminated. For the most part, the less of a pathogen on a food — if any — the
less chance that it can make you sick.

Cooking food to proper temperatures kills most bacteria, including Salmonella, Listeria, and the
kinds of E. coli that cause illness, and parasites.

Keep any pathogens that could be on raw, unwashed foods from spreading by keeping raw and
cooked foods separate. Keep them in different containers, and don’t use the same equipment on
them, unless the equipment is washed properly in between. Treat countertops the same way.

Refrigerate food at 40°F as soon as possible after it’s cooked. Remember, the less of a pathogen
there is in a food, the less chance that it can make you sick. Proper refrigeration keeps most types
of bacteria from growing to numbers that can cause illness (although if a food already has high
numbers of bacteria when it’s put in the refrigerator, it could still cause illness).

Here are a few examples of why following all of these steps is important. Some types of bacteria
form spores that aren’t killed by cooking. Spores are a survival mode in which those bacteria
make an inactive form that can live without nutrition and that develops very tough protection
against the outside world. After cooking, the spores may change and grow into bacteria, when
the food cools down. If any bacteria were present, refrigerating food quickly after cooking would
help keep them from growing. On the other hand, cooking does kill most harmful bacteria.

4



Bad Bug Book - Foodborne Pathogenic Microorganisms and Natural Toxins - Second Edition

Cooking is especially important when a pathogen is hard to wash off of a particular kind of food,
or if a bacterium can grow at refrigerator temperatures, as is true of Listeria monocytogenes and
Yersinia enterocolitica.

As you read about the differences among the pathogens, remember that there’s a common theme:
following all of the safety steps above can help protect you. The exceptions are toxins, such as
the poisons in some mushrooms and a few kinds of fish and shellfish. Cooking, freezing, and
washing won’t necessarily destroy toxins. Avoiding them is your best protection, as you’ll see
when you read the chapters.
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Gram-Negative Bacteria
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Salmonella species
1. Organism

Salmonella is a motile, non-sporeforming, Gram-
negative, rod-shaped bacterium in the family
Enterobacteriaceae and the tribe Salmonellae.
Non-motile variants include S. Gallinarum and

S. Pullorum. The genus Salmonella is divided into
two species that can cause illness in humans:

e S. enterica
e S. bongori

Salmonella enterica, which is of the greatest public
health concern, is comprised of six subspecies:

e S. enterica subsp. enterica (1)
enterica subsp. salamae (1)
enterica subsp. arizonae (111a)

S.
S.
S. enterica subsp. diarizonae (111b)
S.

o enterica subsp. houtenae (1V)

e S. enterica subsp. indica (VI)

Salmonella is further subdivided into serotypes,
based on the Kaufmann-White typing scheme first
published in 1934, which differentiates Salmonella
strains by their surface and flagellar antigenic
properties. Salmonella spp. are commonly referred
to by their serotype names. For example,
Salmonella enterica subsp. enterica is further
divided into numerous serotypes, including S.
Enteritidis and S. Typhimurium, which are
common in the U.S. (Note that species names are
italicized, but serotype names are not.) When
Kaufmann first proposed the scheme, 44 serotypes
had been discovered. As of 2007, the number of
serotypes discovered was 2,579.

2. Disease

For Consumers: A Snapshot

Salmonella causes two kinds of illness:

(1) Gastrointestinal illness, which causes
nausea, vomiting, diarrhea, cramps, and
fever, with symptoms generally lasting a
couple of days and tapering off within a
week. In otherwise healthy people, the
symptoms usually go away by themselves,
but long-term arthritis may develop.

(2) Typhoidal illness causes high fever,
diarrhea or constipation, aches, headache,
and lethargy (drowsiness or sluggishness),
and, sometimes, a rash. It’s a very serious
condition; up to 10% of people who don’t get
treatment may die. Many kinds of food can
become contaminated with the first type,
from meats and eggs to fruits and vegetables,
and even dry foods, like spices and raw tree
nuts. The typhoidal illness usually is
associated with sewage-contaminated
drinking water, or crops irrigated with
sewage-contaminated water. Some pets, like
turtles and other reptiles, and chicks, can
carry Salmonella, which can spread to
anything that comes into contact with the
pet. For example, a pet owner can, through
unwashed hands, contaminate foods or even
his or her own face with Salmonella. This
bacterium is hard to wash off of food, even
with soapy water, so important measures for
preventing foodborne illness from Salmonella
include thorough cooking, hand washing,
keeping raw foods separated from cooked
foods, and keeping foods at the correct
temperature (refrigerate foods at 40°F or
below). In people with weak immune
systems, Salmonella can spread to other
organs and cause very serious illness.

Salmonella can cause two types of illness, depending on the serotype:

(1) nontyphoidal salmonellosis and (2) typhoid fever, both of which are described below. The
symptoms of nontyphoidal salmonellosis can be quite unpleasant, but this illness is generally
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self-limiting among healthy people with intact immune systems (although it can cause life-
threatening illness even in healthy people). Typhoid fever is more serious and has a higher
mortality rate than does nontyphoidal salmonellosis.

Nontyphoidal Salmonellosis

Caused by serotypes other than S. Typhi and S. Paratyphi A.

Mortality: Generally less than 1%; however, S. Enteritidis has a 3.6% mortality rate in
outbreaks in nursing homes and hospitals, with the elderly being particularly affected.

Onset: 6 to 72 hours after exposure.

Infective dose: As low as one cell, depending on age and health of host and strain
differences among members of the genus.

Symptoms: Nausea, vomiting, abdominal cramps, diarrhea, fever, headache.

Duration: Symptoms generally last 4 to 7 days, with acute symptoms usually lasting 1 to
2 days or longer, depending on host factors, the dose ingested, and strain characteristics.

Complications: (1) Dehydration and electrolyte imbalance may occur as a result of
diarrhea and vomiting. This can lead to death in the very young, the elderly, and the
immunocompromised, if not treated promptly. (2) In 2% of culture-proven cases, reactive
arthritis (i.e., arthritis from an immune reaction to the infection — an autoimmune
response — rather than directly from the infection itself) may follow 3 to 4 weeks after the
onset of acute symptoms. Indications of reactive arthritis may include, for example, joint
inflammation, urethritis, uveitis, and/or conjunctivitis. (3) Nontyphoidal Salmonella can
sometimes escape from the gastrointestinal tract into the body and cause blood poisoning
(septicemia) or infect the blood, internal organs, and/or joints (bacteremia). S. Dublin is
sometimes associated with this complication.

Route of entry: oral (e.g., ingestion of contaminated food, fecal particles, or
contaminated water).

Pathway: Penetration and passage of Salmonella organisms from gut lumen into
epithelium of small intestine, where inflammation occurs. There is evidence that
enterotoxin may be produced, perhaps within enterocytes.

Typhoid Fever

Caused by serotypes S. Typhi and S. Paratyphi A, both of which are found only in
humans.

Mortality: Untreated, as high as 10%.
Onset: Generally 1 to 3 weeks, but may be as long as 2 months after exposure.
Infective dose: Fewer than 1,000 cells.

Symptoms: High fever, from 103° to 104°F; lethargy; gastrointestinal symptoms,
including abdominal pains and diarrhea or constipation; headache; achiness; loss of
appetite. A rash of flat, rose-colored spots sometimes occurs.

Duration: Generally 2 to 4 weeks.
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e lllness / Complications: Septicemia, with colonization of other tissues and organs; e.g.,
may lead to endocarditis. Septic arthritis may occur, in which the infection directly
affects the joints and may be difficult to treat. Chronic infection of the gallbladder may
occur, which may cause the infected person to become a carrier.

e Route of entry: Oral (e.g., ingestion of contaminated food, fecal particles, or
contaminated water).

e Pathway: Penetration and passage of typhoid Salmonella organisms from gut lumen into
epithelium of small intestine and into the bloodstream (i.e., septicemia), which may carry
the organisms to other sites in the body, where inflammation occurs. There is evidence
that enterotoxin may be produced, perhaps within enterocytes.

3. Frequency of Disease
Annually in the United States:

e Nontyphoidal salmonellosis — A recent report from the Centers for Disease Control and
Prevention (CDC) estimates that 1,027,561 cases of domestically acquired nontyphoidal
salmonellosis occur annually in the U.S., when under-reporting and under-diagnosis are
taken into account.

e Typhoid fever — In terms of domestically acquired S. enterica serotype Typhi, the CDC
recently estimated that a mean of 1,821 cases occur annually in the U.S. Additional cases
in the U.S. are associated with foreign travel. The report estimates that 433 cases of
typhoid fever in the U.S., overall (i.e., whether or not they are domestically acquired), are
culture-confirmed. The last case of a foodborne, noncarrier-based typhoid outbreak in the
U.S. was in 1999 and was associated with the tropical fruit mamey.

4. Sources

Salmonella is widely dispersed in nature. It can colonize the intestinal tracts of vertebrates,
including livestock, wildlife, domestic pets, and humans, and may also live in environments such
as pond-water sediment. It is spread through the fecal-oral route and through contact with
contaminated water. (Certain protozoa may act as a reservoir for the organism). It may, for
example, contaminate meat, farm-irrigation water (thus contaminating produce in the field), soil
and insects, factory equipment, hands, and kitchen surfaces and utensils.

Since S. Typhi and S. Paratyphi A are found only in human hosts, the usual sources of these
organisms in the environment are drinking and/or irrigation water contaminated by untreated
sewage. It is highly recommended that only potable water and cooked vegetables be consumed in
areas where these organisms are endemic.

Various Salmonella species have long been isolated from the outside of egg shells, but S.
Enteritidis can be present inside the egg. This and other information strongly suggest vertical
transmission; i.e., deposition of the organism on the aloumen (egg white) side of the yolk-sack
membrane (vitelline membrane) by an infected hen, prior to shell formation.
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Outbreaks also have been linked to the handling of certain animals sometimes kept as pets, such
as turtles, frogs, and chicks.

Food Sources

Although Salmonella traditionally was thought of as being associated with animal products in the
past, fresh produce also has been the source of major outbreaks, particularly recently. The
organism also survives well on low-moisture foods, such as spices, which have been the vehicles
for large outbreaks.

A few examples of foods that have been linked to Salmonella illness include meats, poultry,
eggs, milk and dairy products, fish, shrimp, spices, yeast, coconut, sauces, freshly prepared salad
dressings made with unpasteurized eggs, cake mixes, cream-filled desserts and toppings that
contain raw egg, dried gelatin, peanut butter, cocoa, produce (fruits and vegetables, such as
tomatoes, peppers, and cantaloupes), and chocolate.

Cross Contamination

Cross contamination occurs when Salmonella is spread from a contaminated source — a
contaminated food, infected food handler or animal — to other foods or objects in the
environment. An example of how this may occur is when potentially contaminated raw meats,
poultry, seafood, produce, or eggs are not kept separate from each other during preparation or
cooking, or when a food handler does not adequately clean utensils, surfaces, equipment, and
hands after they have come into contact with these products.

The contamination can spread to factory and equipment surfaces, as well as kitchen surfaces and
utensils. Cross contamination may occur at any point in the food process.

Cross contamination also may occur from handling pets or wildlife, such as turtles or frogs (or
their water, soil, or food and water bowls), then handling food, food-preparation utensils, or
other objects in the environment. (Even culinary frog legs have caused outbreaks of
salmonellosis.)

5. Diagnosis

Serological identification of cultural isolates from stool. Genetic identification of approximately
100 Salmonella serotypes from pure culture is now possible, but the remaining 2,400-plus
serotypes can be identified only through traditional serotyping.

6. Target Populations

Anyone, of any age, may become infected with Salmonella. Particularly vulnerable are people
with weak immune systems, such as the very young and the elderly, people with HIV or chronic
ilinesses, and people on some medications; for example, chemotherapy for cancer or the
immunosuppressive drugs used to treat some types of arthritis. People with HIV are estimated to
have salmonellosis at least 20 times more than does the general population and tend to have
recurrent episodes.
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7. Food Analysis

Isolation and detection methods have been developed for many foods having prior history of
Salmonella contamination. Conventional culture and identification methods may require 4 to 6
days for presumptive results. To screen foods, several rapid methods are available, which require
1 to 2 days. These rapid methods include antibody and molecular (DNA or RNA) based assays,
but in most cases, require a cultural means to confirm the presence of Salmonella, for regulatory
purposes.

8. Examples of Outbreaks

For information on recent outbreaks, see the Morbidity and Mortality Weekly Reports from the
Centers for Disease Control and Prevention (CDC).

9. Other Resources

e The CDC provides information about Salmonella, including information about preventing
Salmonella Enteritidis infection, on avoiding salmonellosis from animal-handling, and

typhoid fever.
e Loci index for genome Salmonella Enteritidis is available from GenBank.
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Campylobacter jejuni
1. Organism

Campylobacter jejuni is a non-sporeforming,
Gram-negative rod with a curved- to S-
shaped morphology. Many strains display
motility, which is associated with the
presence of a flagellum at one or both of the
polar ends of this bacterium.

Members of the Campylobacter genus are
microaerophilic; i.e., they grow at lower-than-
atmospheric oxygen concentrations. Most
grow optimally at oxygen concentrations
from 3% to 5%. Thus, these bacteria
generally are fairly fragile in the ambient
environment and somewhat difficult to
culture in the laboratory. Additional
conditions to which C. jejuni are susceptible
include drying, heating, freezing,
disinfectants, and acidic conditions.

Other Campylobacter species, such as C. coli
and C. fetus, also cause foodborne diseases in
humans; however, more than 80% of
Campylobacter infections are caused by

C. jejuni. C. coli and C. jejuni cause similar
disease symptoms. C. fetus infections often
are associated with animal contact or
consumption of contaminated foods and
beverages and are especially problematic for
fetuses and neonates, in whom the mortality
rate may be up to 70%.

Campylobacter genomes are relatively
unstable; several mechanisms that may lead
to this genetic instability have been proposed,
including bacteriophage activity, DNA

For Consumers: A Snapshot

Campylobacter jejuni is estimated to be the third
leading bacterial cause of foodborne illness in the
U.S. (Certain viruses are the biggest known cause
of foodborne illnesses, overall.) The symptoms this
bacterium causes generally last from 2 to 10 days
and, while the diarrhea (sometimes bloody),
vomiting, and cramping are unpleasant, they
usually go away by themselves in people who are
otherwise healthy. Raw poultry, unpasteurized
(“raw”) milk and cheeses made from it, and
contaminated water (for example, unchlorinated
water, such as in streams and ponds) are major
sources, but it also occurs in other kinds of meats
and has been found in seafood and vegetables.
Anyone can get sick from food contaminated with
Campylobacter, but children younger than 5 years
old and people 15 to 29 years old are more likely to
get the infection than are others. Among these age
groups, infants 6 to 12 months old have the highest
rate of illness. People with weak immune systems
also are at higher risk; for example, those with
HIV/AIDS get sick from foodborne Campylobacter
40 times more often than do people in the same
age group who have healthy immune systems. Very
rarely, babies still in the womb have gotten the
infection from their mothers, causing miscarriages
or stillbirths. Overall, about 1 out of 1,000 people
who get the infection die from it, but it happens
rarely among otherwise healthy people. As with all
bacteria that cause foodborne illness, consumers
can _take the following steps to help avoid
Campylobacter infections: (1) clean raw vegetables
and fruits, kitchen surfaces, utensils, and your
hands; (2) separate raw foods from cooked foods,
kitchen surfaces, utensils, and dinnerware, etc.; (3)
cook raw foods according to instructions; (4)
refrigerate foods, including leftover cooked foods,
as soon as possible; and (5) use only pasteurized
milk.

recombination and transformation. There are several typing methods, such as pulsed-field gel
electrophoresis, PCR-based typing, ribotyping and genomotyping, for assessing the genetic
diversity of C. jejuni. A list of Campylobacter genomes that have been sequenced is available
under the National Center for Biotechnology Information web link.
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2. Disease

Mortality: Approximately 99 deaths in the United States, per year, are estimated to be
due to campylobacteriosis.

Infective dose: In general, the minimum number of ingested Campylobacter cells that
can cause infection is thought to be about 10,000. However, in trials, as few as 500
ingested Campylobacter cells led to disease in volunteers. Differences in infectious dose
likely can be attributed to several factors, such as the type of contaminated food
consumed and the general health of the exposed person.

Onset: The incubation period, from time of exposure to onset of symptoms, generally is
2 to 5 days.

Disease / complications: The disease caused by C. jejuni infections is called
campylobacteriosis. The most common manifestation of campylobacteriosis is self-
limiting gastroenteritis, termed “Campylobacter enteritis,” without need for antimicrobial
therapy. When antimicrobial therapy is indicated, erythromycin or ciprofloxacin are most
commonly prescribed.

A small percentage of patients develop complications that may be severe. These include
bacteremia and infection of various organ systems, such as meningitis, hepatitis,
cholecystitis, and pancreatitis. An estimated 1.5 cases of bacteremia occur for every
1,000 case of gastroenteritis. Infections also may lead, although rarely, to miscarriage or
neonatal sepsis.

Autoimmune disorders are another potential long-term complication associated with
campylobacteriosis; for example, Guillain-Barré syndrome (GBS). One case of GBS is
estimated to develop per 2,000 C. jejuni infections, typically 2 to 3 weeks post infection.
Not all cases of GBS appear to be associated with campylobacteriosis, but it is the factor
most commonly identified prior to development of GBS. Various studies have shown that
up to 40% of GBS patients first had Campylobacter infection. It is believed that antigens
present on C. jejuni are similar to those in certain nervous tissues in humans, leading to
the autoimmune reaction. Reactive arthritis is another potential long-term autoimmune
complication. It can be triggered by various kinds of infections and occurs in about 2% of
C. jejuni gastroenteritis cases.

Hemolytic uremic syndrome and recurrent colitis following C. jejuni infection also have
been documented.

Symptoms: Fever, diarrhea, abdominal cramps, and vomiting are the major symptoms.
The stool may be watery or sticky and may contain blood (sometimes occult — not
discernible to the naked eye) and fecal leukocytes (white cells). Other symptoms often
present include abdominal pain, nausea, headache, and muscle pain.

Duration: Most cases of campylobacteriosis are self-limiting. The disease typically lasts
from 2 to 10 days.

Route of entry: Oral.
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e Pathway: The mechanisms of pathogenesis by C. jejuni are not well understood and
usually vary based on the virulence genes present in a particular strain. In general,
C. jejuni cause infections by invading and colonizing the human gastrointestinal tract.
Motility appears to be an important factor in C. jejuni pathogenesis, enabling the
bacterium to invade the human intestinal mucosa. The mechanisms by which cellular
invasion by C. jejuni cause the observed symptoms remain a mystery. In genome-
sequencing studies, researchers were not able to identify the presence of toxin genes that
likely contribute to diarrhea and other common symptoms.

3. Frequency

Campylobacter species are believed to be the third leading cause of domestically acquired
bacterial foodborne illness in the United States, with an estimated 845,024 cases occurring
annually, according to the Centers for Disease Control and Prevention (CDC). According to data
from FoodNet, the incidence of cases of campylobacteriosis reported to the CDC in 2008 was
12.68 per 100,000 individuals, which is a decrease of 32% over the last decade. For each
reported case of campylobacteriosis, it is estimated that 30 cases are unreported.

4. Sources

Major food sources linked to C. jejuni infections include improperly handled or undercooked
poultry products, unpasteurized (“raw’’) milk and cheeses made from unpasteurized milk, and
contaminated water. Campylobacter infection in humans has been linked to handling and eating
raw or undercooked meat and poultry, whether fresh or frozen. Avoiding cross contamination of
uncooked items from raw meat and poultry products, thorough cooking, pasteurization of milk
and dairy products, and water disinfection are effective ways to limit food- and water-borne
exposure to Campylobacter. Reduction of risk from contaminated poultry products can be
achieved through good hygienic practices by manufacturers and consumers.

Campylobacter is part of the natural gut microflora of most food-producing animals, such as
chickens, turkeys, swine, cattle, and sheep. Typically, each contaminated poultry carcass can
carry 100 to 100,000 Campylobacter cells. Given the fact that up to 500 Campylobacter cells can
cause infection, poultry products pose a significant risk for consumers who mishandle fresh or
processed poultry during preparation or who undercook it.

C. jejuni has been found in a variety of other foods, such as vegetables and seafood, and in non-
food animal species. C. jejuni also occurs in nonchlorinated water, such as that found in ponds
and streams.

5. Diagnosis

Special incubation conditions are required for isolation and growth of C. jejuni cells, since the
organism is microaerophilic. Samples from stool or rectal swabs are inoculated directly onto
selective media, or they can be enriched to increase recovery. To limit growth of competing
organisms, media used for cultivation usually are supplemented with blood and antimicrobial
agents. The cultures are incubated at 42°C, under microaerophilic conditions (5% oxygen and 5%
to 10% carbon dioxide), for optimal recovery.
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6. Target Populations

Children younger than 5 years old and young adults 15 to 29 years old are the populations in

whom C. jejuni gastroenteritis most commonly is detected. The highest incidence of infection is
among infants 6 to 12 months old. C. jejuni bacteremia may also affect pregnant women, leading
to infection of the fetus, which can lead to miscarriage or stillbirth. The incidence of infection is
estimated to be 40-fold greater in people with HIV/AIDS, compared with others in the same age

group.
7. Food Analysis

Isolation of C. jejuni from food is difficult, because the bacteria are usually present in very low
numbers. For isolation from most food products, samples are rinsed and the rinsate is collected
and subjected to pre-enrichment and enrichment steps, followed by isolation of C. jejuni from the
agar medium. For more information about isolation of Campylobacter from food and water, see
FDA'’s Bacteriological Analytical Manual.

8. Examples of Outbreaks

For an update on recent outbreaks related to Campylobacter, please visit the CDC’s Morbidity
and Mortality Weekly Report and enter Campylobacter in the search field.

The following reports are available on the surveillance of foodborne outbreaks in the U.S.: CDC
annual report, CDC report #1, CDC report #2, and FoodNet report.

9. Other Resources

The following web links provide more information about Campylobacter and its prevention and
control:

e U.S. Department of Agriculture — Q&A from Food Safety and Inspection Services
e CDC — Disease Listing

e CDC — Emerqing Infectious Diseases review

o Several federal surveillance and monitoring programs in the U.S. report the incidences of
Campylobacter infections and their resistance to antimicrobial drugs; for example,
FoodNet, PulseNet, and National Antimicrobial Resistance Monitoring System.

Additional resources include:

o National Center for Biotechnology Information (taxonomy)

e World Health Organization

e FDA report on risk assessment
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Yersinia enterocolitica For Consumers: A Snapshot

1. Organism Food and water contaminated with this bacterium,
Yersinia, can make people sick. Among the foods

The Yersinia genus has 11 species; 4 are that have been linked to illness from Yersinia are

pathogenicy but 0n|y Y. enterocolitica and pork (including chitterlings, sometimes called

Y. pseudotuberculosis cause gastroenteritis. “chitlins"), unpasteurized milk, and oysters.

(Pasteurized milk has been heated in a way that kills
bacteria, but unpasteurized — “raw” — milk has not
and is much riskier.) The illness, yersiniosis, also can

Y. enterocolitica and Y. pseudotuberculosis
are small, rod-shaped, Gram-negative

bacteria. The former is often isolated from be passed from contaminated hands into the mouth
clinical specimens, such as wounds, feces, to cause the illness; for example, if an infected
sputum, and mesenteric lymph nodes. person doesn’t wash his or her hands well after
However, it is not part of the normal human having a bowel movement and contaminates things

flora. Y. pseudotuberculosis has been isolated | that other people handle before touching their
from diseased human appendix Both mouths or food. Anyone can get yersiniosis, but

pathogens are transmitted through the fecal- young children most often get it. The symptoms
oral route start within 1 day to 2 weeks, or even longer, and

include high fever and stomach pain, with diarrhea

Both of these gastroenteritis-causing species | and, sometimes, vomiting. The diarrhea may or may

have been isolated from animals. such as not be bloody. Besides young children, people who
. . ’ . Iderly or i health ho h k

pigs, birds, beavers, cats, and dogs, and, in L1 S B L] PRI IEEIAL N e S

h f litica. f fli q immune systems, or are on medications that

the case of Y. ente_rc_)co Itica, Trogs, Tlies, ‘f:_m weaken the immune system, are at highest risk.

flea_s. Y. enterocolitica has been d?teCtEd In Some people get arthritis-like symptoms, such as

environmental sources, such as soil and water | joint pains and rashes (which often go away in a

(e.g., ponds and lakes). Most isolates are not month or several months), or other, more serious

pathogenic. complications that may affect the heart, for
example. Most mild cases of yersiniosis go away by
Y. enterocolitica is psychrotrophic (i.e. a themselves, but health professionals can prescribe

antibiotics to treat it, if necessary. To help protect
yourself, follow basic food-safety tips, which include
good hygiene, washing raw fruits and vegetables
and the things they touch, cooking food well and

microorganism that grows well at low
temperature) and has the ability to grow at
temperatures below 4°C. The doubling time,

at 30ch7 is 34 min; at _22°C, is 1 hr;_and at keeping it apart from raw food, keeping food
7°C, is 5 hrs. It can withstand freezing and refrigerated at 40°F or lower, using pasteurized milk
can survive in frozen foods for extended instead of “raw” milk, and using products made

periods. In fact, Y. enterocolitica has survived | from pasteurized milk, not raw milk.
better in artificially contaminated food stored
at room and refrigeration temperatures than at an intermediate temperature. It persists longer in
cooked foods than in raw foods, due to increased nutrient availability. Y. enterocolitica can grow
easily at refrigeration temperature in vacuum-packed meat, boiled eggs, boiled fish, pasteurized
liquid eggs, pasteurized whole milk, cottage cheese, and tofu. Growth of the microorganism also
occurs in refrigerated seafood — oysters, raw shrimp, and cooked crab meat. Y. enterocolitica and
Y. pseudotuberculosis can grow over a pH range of 4 to 10, generally with an optimum pH of
7.6. They tolerate alkaline conditions very well, compared with acid conditions (although that
depends on the kind of acid used, environmental temperature, composition of the medium, and
growth phase of the bacteria).
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Y. pestis, the causative agent of the plague, is genetically very similar to Y. pseudotuberculosis,
but infects humans by routes other than food; e.g., fleas or aerosols. Y. enterocolitica has
between 10% and 30% DNA homology with the Enterobacteriaceae family and is 50% related to
Y. pseudotuberculosis and Y. pestis. Genetic analysis of Y. pestis revealed it to be a clone of

Y. pseudotuberculosis, which evolved sometime between 1,500 to 20,000 years ago.

2. Disease

Mortality: Fatalities are extremely rare.

Infective dose: The medium infective dose for humans is not known, but is estimated to
be between 10 to 10° organisms. The infective dose and clinical presentation of
symptoms may depend on pathogen (strain-dependent) and host factors. For example, in
some cases, in people with gastric hypoacidity, the infective dose may be lower.

Onset: Incubation times from 1 to 11 days have been observed, but occasionally last for
several months.

IlIness / complications: In some patients, complications arise due to the strain type
causing the initial infection and specific human immunologic leukocyte antigen, HLA-
B27. These sequelae include reactive arthritis; glomerulonephritis; endocarditis;
erythema nodosum (which occurs predominantly in women); uveitis; thyroid disorders,
such as Graves’ disease; hyperthyroidism; nontoxic goiter; and Hashimoto’s thyroiditis.
Y. enterocolitica has been associated with reactive arthritis, which may occur even in the
absence of obvious symptoms. The frequency of such postenteritis arthritic conditions is
about 2% to 3%. In Japan, Y. pseudotuberculosis was implicated in the etiology of
Kawasaki’s disease.

Another complication is bacteremia, which raises the possibility of disease dissemination.
However, this is rare. Performance of unnecessary appendectomies also may be
considered a major complication of yersiniosis, as one of the main symptoms of the
disease is abdominal pain in the lower right quadrant.

Treatment includes supportive care, since the gastroenteritis is self-limiting. If septicemia
or other invasive diseases occur, antibiotic therapy with gentamicin or cefotaxime
(doxycycline and ciprofloxacin) typically are administered.

Symptoms: Infection with Y. enterocolitica manifests as nonspecific, self-limiting
diarrhea, but may cause a variety of autoimmune complications, as noted above. Most
symptomatic infections occur in children younger than 5 years old. Yersiniosis in these
children is frequently characterized as gastroenteritis, with diarrhea and/or vomiting;
however, fever and abdominal pain are the hallmark symptoms. A small proportion of
children (less than 10%) produce bloody stools. Children usually complain of abdominal
pain and headache and sore throat at the onset of the illness.

Yersinia infections mimic appendicitis and mesenteric lymphadenitis, but the bacteria
may also cause infection in other sites, such as wounds, joints, and the urinary tract.
Duration: The illness might last from a few days to 3 weeks, unless it becomes chronic
enterocolitis, in which case it might continue for several months.
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e Route of entry: Oral.

e Pathway: As zoonotic pathogens, Y. enterocolitica and Y. pseudotuberculosis enter the
gastrointestinal tract after ingestion of contaminated food or water. Gastric acid is a
significant barrier to infection. The infective dose might be lower among people with
gastric hypoacidity. Both pathogens harbor plasmid (pYV)-encoded virulence genes that
affect pathogenesis. These include an outer-membrane protein, YadA (Yersinia adhesion
A), and the genetic suite comprising the type 11l secretory system. This process usually is
facilitated by Yops proteins, which contribute to the ability of Y. enterocolitica cells to
resist phagocytosis by causing disruption (cytotoxic changes) of mammalian (human)
cells.

3. Frequency

Yersiniosis is far more common in Northern Europe, Scandinavia, and Japan than in the United
States. It does not occur frequently and tends to be associated with improper food-processing
techniques. Y. enterocolitica is a more frequent cause of yersiniosis than is Y.
pseudotuberculosis, and cases have been reported on all continents. Different biotypes of

Y. enterocolitica have been associated with infections around the world, with the most common
biotype being 4/0:3. Information on Y. pseudotuberculosis is not as well defined and, as such, is
reported less frequently than is Y. enterocolitica.

4. Sources

Strains of Y. enterocolitica can be found in meats (pork, beef, lamb, etc.), oysters, fish, crabs,
and raw milk. However, the prevalence of this organism in soil, water, and animals, such as
beavers, pigs, and squirrels, offers many opportunities for Yersinia to enter the food supply. For
example, poor sanitation and improper sterilization techniques by food handlers, including
improper storage, may be a source of contamination. Raw or undercooked pork products have
drawn much attention as a source of Y. enterocolitica, and Y. pseudotuberculosis, particularly
since Y. enterocolitica has been associated with pigs.

5. Diagnosis

Yersiniosis may be misdiagnosed as Crohn’s disease (regional enteritis) or appendicitis.
Diagnosis of yersiniosis begins with isolation of the organism from the human host’s feces,
blood, or vomit, and sometimes at the time of appendectomy. Confirmation occurs with the
isolation, as well as biochemical and serological identification, of Y. enterocolitica from both the
human host and the ingested food. Diarrhea occurs in about 80% of cases; abdominal pain and
fever are the most reliable symptoms.

Y. enterocolitica or Y. pseudotuberculosis in patients with acute gastroenteritis can be readily
isolated via conventional bacteriological media designed to isolate Yersinia. It is much more
challenging to isolate these pathogens in asymptomatic carriers or from foods. Since many

Y. enterocolitica isolated from non-human sources are not considered pathogenic, it is imperative
to distinguish these isolates from pathogenic Yersinia species. Molecular-based assays,
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particularly PCR methods, have been developed to target Y. enterocolitica and can be used to
rapidly confirm the pathogenicity of the isolate. Several PCR primer sets are directed to either
plasmid-borne genes, e.g., virF or yadA, or chromosomally located loci, such as ail.

Serology is used to identify the biotype (based on biochemical analysis) and serogroup (O-
antigen). Sera from acute or convalescent patients are titered against the suspect serotype of
Yersinia spp.

6. Target populations

The most susceptible populations for the main disease and potential complications are the very
young (< 10 years), the debilitated, the very old, and people undergoing immunosuppressive
therapy. Those most susceptible to post-enteritis arthritis are people with the antigen HLA-B27
(or related antigens, such as B7).

7. Food Analysis

The isolation method is relatively easy to perform, but in some instances, cold enrichment (25 g
sample of the food mixed with 225 ml of Peptone Sorbitol bile broth for 10 days at 10°C) may be
required. Y. enterocolitica can be presumptively identified in 36 to 48 hours using biochemical
testing or API 20E or Vitek GNI. The genes encoding for invasion of mammalian cells are
located on the chromosome, while a 70 kb plasmid, present in almost all pathogenic Yersinia
species, encodes most of the other virulence-associated phenotypes. PCR-based assays have been
developed to target virulence genes on both the chromosome and plasmid.

8. Examples of Outbreaks

To date, no foodborne outbreaks caused by Y. pseudotuberculosis have been reported in the U.S.,
but human infections transmitted via contaminated water and foods have been reported in Japan
(Fukushima et al. 1988) and Finland (Jalava et al. 2004). Y. pseudotuberculosis has been
implicated in a number of food-related outbreaks, but the number of foodborne outbreaks from
Y. enterocolitica is higher.

For more information about recent outbreaks, see the Morbidity and Mortality Weekly Reports
from CDC.

9. Resources

e Loci index for genome Yersinia enterocolitica and Loci index for genome Yersinia
pseudotuberculosis are available from GenBank.

e Robins-Browne, R. (2007). Food Microbiology: Fundamentals and Frontiers, 3" ed.
American Society for Microbiology Press, Washington, D. C.
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Shigella species
1. Organism

Shigellae are Gram-negative, non-motile, non-
sporeforming, rod-shaped bacteria. Shigella
species, which include Shigella sonnei,

S. boydii, S. flexneri, and S. dysenteriae, are
highly infectious agents. Some strains produce
enterotoxins and Shiga toxin. The latter is very
similar to the toxins produced by

E. coli O157:H7.

Humans are the only host of Shigella, but it has
also been isolated from higher primates. The
organism is frequently found in water polluted
with human feces.

In terms of survival, shigellae are very sensitive
to environmental conditions and die rapidly.
They are heat sensitive and do not survive
pasteurization and cooking temperatures. In
terms of growth, shigellae are not particularly
fastidious in their requirements and, in most
cases, the organisms are routinely cultivated in
the laboratory, on artificial media. However, as
noted in subsequent sections, the relative
difficulty of cultivating this organism is
dependent, in part, on the amount of time within
which stool or food samples are collected and
processed.

Shigella species are tolerant to low pH and are
able to transit the harsh environment of the
stomach. These pathogens are able to survive
and, in some cases, grow in foods with low pH,
such as some fruits and vegetables. They are
able to survive on produce commodities
packaged under vacuum or modified
atmosphere and can also survive in water, with
a slight decrease in numbers.

2. Disease

For Consumers: A Snapshot

Shigella is a bacterium that spreads from
contaminated feces. It often spreads through
unclean water, whether it’s drinking water or
swimming-pool water that an infected person
has been in, even though the water might look
clean. Food can become contaminated if it’s
handled by an infected person who didn’t wash
his or her hands well after having a bowel
movement, or if contaminated water is used for
growing fruits or vegetables or to rinse them
afterwards. It doesn’t take much Shigella to
cause illness, and tiny bits of feces also can pass
from the unwashed hands of an infected person
(even though they might not look dirty) onto the
hands and into the mouth of another person,
causing that person to become sick. Although the
illness it causes, shigellosis, often is mild and
goes away by itself in about a week or less, it can
become very serious in some cases. In those
cases, there may be so much diarrhea
(dysentery) that the body loses dangerous
amounts of fluids and certain minerals, and it
could lead to death. These people, especially,
should see a health professional. Severe cases
can be treated with certain antibiotics. Mild
cases usually are not treated with antibiotics.
Young children, the elderly, and people with a
weak immune system, such as people with
HIV/AIDS, are more likely than others to develop
severe illness. Whether mild or severe, the illness
usually starts within 8 hours or up to about 2
days. The diarrhea is often bloody and may
contain pus or mucus, and there may be
vomiting, cramps, and fever. Good handwashing
after going to the bathroom is one of the most
important food-safety tips for protecting
yourself and others from Shigella. Following
cooking directions on food packages also can
help protect you, because proper cooking kills
Shigella.

The illness caused by Shigella is shigellosis (also called bacillary dysentery), in which diarrhea
may range from watery stool to severe, life-threatening dysentery. All Shigella spp. can cause
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acute, bloody diarrhea. Shigella spp. can spread rapidly through a population, particularly in
crowded and unsanitary conditions.

S. dysenteriae type 1 causes the most severe disease and is the only serotype that produces the
Shiga toxin, which may be partially responsible for cases in which hemolytic uremic syndrome
(HUS) develops. S. sonnei produces the mildest form of shigellosis; usually watery diarrhea.

S. flexneri and S. boydii infections can be either mild or severe.

In developed countries, S. sonnei is the Shigella species most often isolated, whereas S. flexneri
predominates in developing countries.

e Mortality: In otherwise healthy people, the disease usually is self-limiting, although
some strains are associated with fatality rates as high as 10-15%. (See IlIness /
complications section, below.)

e Infective dose: As few as 10 to 200 cells can cause disease, depending on the age and
condition of the host.

e Onset: Eight to 50 hours.

e lllness / complications: In otherwise healthy people, the disease usually consists of self-
limiting diarrhea (often bloody), fever, and stomach cramps. Severe cases, which tend to
occur primarily in immunocompromised or elderly people and young children, are
associated with mucosal ulceration, rectal bleeding, and potentially drastic dehydration.
Potential sequelae of shigellosis include reactive arthritis and hemolytic uremic

syndrome.

e Symptoms: May include abdominal pain; cramps; diarrhea; fever; vomiting; blood, pus,
or mucus in stools; tenesmus (straining during bowel movements).

e Duration: Uncomplicated cases usually resolve in 5 to 7 days. Most of the time, the
illness is self-limiting. In some circumstances, antibiotics are given; usually
trimethoprim-sulfamethoxazole, ceftriaxone, or ciprofloxacin.

e Route of entry: The fecal-oral route is the primary means of human-to-human
transmission of Shigella. With regard to foods, contamination is often due to an infected
food handler with poor personal hygiene.

e Pathway: The disease is caused when Shigella cells attach to, and penetrate, colonic
epithelial cells of the intestinal mucosa. After invasion, they multiply intracellularly and
spread to contiguous epithelial cells, resulting in tissue destruction. As noted, some
strains produce enterotoxin and Shiga toxin similar to those produced by E. coli
O157:H7.

3. Frequency

A recent Centers for Disease Control and Prevention (CDC) report on foodborne illnesses
acquired annually in the United States revealed that about 15,000 laboratory-confirmed isolates
are reported each year, with estimates of actual occurrence ranging from 24,511 to 374,789 cases
(average of 131,243). About 31% of these are estimated to be foodborne. Estimates of foodborne
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illness episodes (mean) caused by 31 pathogens placed Shigella as the sixth most frequent cause
(after norovirus, Salmonella species, Clostridium perfringens, Campylobacter, and
Staphylococcus aureus, in that order).

Episodes of shigellosis appear to follow seasonal variations. In developed countries, the highest
incidences generally occur during the warmer months of the year.

4. Sources

Most cases of shigellosis are caused by ingestion of fecally contaminated food or water. In the
case of food, the major factor for contamination often is poor personal hygiene among food
handlers. From infected carriers, this pathogen can spread by several routes, including food,
fingers, feces, flies, and fomites.

Shigella is commonly transmitted by foods consumed raw; for example, lettuce, or as non-
processed ingredients, such as those in a five-layer bean dip. Salads (potato, tuna, shrimp,
macaroni, and chicken), milk and dairy products, and poultry also are among the foods that have
been associated with shigellosis.

5. Diagnosis

Diagnosis is by serological or molecular identification of cultures isolated from stool. Shigella
may be more difficult to cultivate if stool samples are not processed within a few hours.

6. Target Populations
All people are susceptible to shigellosis, to some degree, but children 1 to 4 years old, the

elderly, and the immunocompromised are most at risk. Shigellosis is very common among
people with AIDS and AIDS-related complex.

7. Food Analysis

Shigellae remain a challenge to isolate from foods. A molecular-based method (PCR) that targets
a multi-copy virulence gene has been developed and implemented by FDA. Improvements in the
bacterial isolation method continue and should be available in the near future.

The window for collecting and processing Shigella from foods, for cultivation, may be days
(rather than hours, as is the case with stool), depending on the food matrix and storage
conditions; e.g., temperature. Shigella species can be outgrown by the resident bacterial
populations found in foods, which may reflect the usual low numbers of the organism present in
foods and, in some foods, a very large number of non-Shigella bacteria. Another factor that
reduces the chance of isolating Shigella from foods may be the physiological state of the
pathogen at the time of analysis. Environmental conditions could affect its ability to either grow
or survive in any food matrix.
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8. Examples of Outbreaks

The CDC’s Morbidity and Mortality Weekly Reports provide information about Shigella
outbreaks.

9. Other Resources

e Loci index for genome Shigella spp.

e GenBank Taxonomy database

e More information about Shigella and shigellosis can be found on the CDC website.
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Vibrio parahaemolyticus
1. Organism

This bacterium is a Gram-negative, curve-
shaped rod frequently isolated from the
estuarine and marine environments of the
United States and other tropical-to-
temperate coastal areas, worldwide. Both
pathogenic and non-pathogenic forms of the
organism can be isolated from marine and
estuarine environments and from seafood
harvested from these environments.

In general, the majority of

V. parahaemolyticus isolates from the
environment are non-pathogenic. Currently,
pathogenic strains are identified by the
presence of one or both of the hemolysins
TDH (thermostable direct hemolysin) and
TRH (thermostable-related hemolysin).

Optimal temperatures for

V. parahaemolyticus are 20°C to 35°C; it
can grow at temperatures up to 41°C. It is
slowly inactivated at temperatures <10°C
(minimum growth temperature), and
cultures should never be stored in
refrigerators. V. parahaemolyticus is
halophilic; the highest abundance in oysters
is at 23 ppt salt. It is lysed almost
immediately in freshwater; thus, it is not
usually transmitted via the fecal-oral route.
At least 0.5% NaCl is required in all media,
and 2% NacCl is optimal. Like other vibrios,
V. parahaemolyticus is highly susceptible to
low pH, freezing, and cooking. Most strains
of V. parahaemolyticus produce a capsule,
but all strains can be killed by common
disinfectants, such as bleach and alcohol.

2. Disease
(Note: Vibrio parahaemolyticus does not

cause cholera and should not be confused
with Vibrio species that do; i.e., Vibrio

For Consumers: A Snapshot

There are different kinds of Vibrio, a bacterium that
can cause illness when contaminated seafood is
eaten. lliness from this kind of Vibrio is linked mostly
to oysters, although other kinds of contaminated fish
and shellfish also sometimes cause the illness. It
doesn’t cause cholera (that kind of Vibrio is covered in
another chapter), but can cause bloody diarrhea,
stomach cramps, fever, nausea, and/or vomiting,
which usually are fairly mild and last less than a week.
But in people with weak immune systems, it can
spread to the blood and cause serious or deadly
infections in other parts of the body. Examples of
people at higher risk are those with diabetes, liver
disease, kidney disease, cancer, AIDS, or other
illnesses that weaken the immune system, and those
on medications meant to lower the actions of the
immune system, like some kinds of drugs for
rheumatoid arthritis or cancer treatment. These
people, especially, should always thoroughly cook
their seafood, and should see a health professional if
they develop symptoms. This kind of Vibrio usually
lives in ocean water along the coast or in estuaries
where, for example, ocean water comes together
with river water. Water contaminated with Vibrio can
cause illness if people drink the water or eat seafood
that has been living in it, or if the contaminated water
comes into contact with food in other ways. You can
help protect yourself by cooking seafood until the
inside reaches a temperature, for at least 15 seconds,
of 145°F, but 155°F for things like fishcakes and 165°F
for stuffed fish. Because bacteria, such as Vibrio, can
grow in foods that have been cooked, but have then
been contaminated by raw food, be sure to keep raw
foods from touching cooked foods and surfaces used
for cooking or eating. It’s also important to wash raw
foods in sanitary water and wash hands, equipment,
and cooking and food-handling surfaces; and keep
food refrigerated at 40°F or lower. After kitchen
surfaces are washed, sanitize them with a
commercially available product that’s sold as a
kitchen sanitizer. You might have heard people say
that you should eat oysters or other shellfish only in
months with the letter “R” — for example January,
February, etc. But remember that Vibrio and other
bacteria (and viruses) that affect seafood can cause
illness in any month, so follow basic food-safety tips
all year long.

cholerae, which are addressed in a separate chapter).
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Mortality: Death occurs in approximately 2% of gastroenteritis and 20% to 30% of
septicemia cases.

Infective dose: The FDA V. parahaemolyticus Risk Assessment states that the ID50
(median infective dose) is 100 million organisms. However, evidence from an outbreak in
2004 suggests an infectious dose >1,000-fold less than in the FDA risk assessment.

Onset: The incubation period is 4 to 90 hours after ingestion of the organism, with a
mean of 17 hours.

IlIness / complications: V. parahaemolyticus-associated gastroenteritis is the name of the
infection caused by consumption of this organism. It is usually mild or moderate.
Diarrhea caused by this organism is usually self-limiting, with less than 40% of reported
cases requiring hospitalization and/or antibiotic treatment.

Although the illness is generally mild or moderate, V. parahaemolyticus can also cause
septicemia in susceptible people. Those at risk include people with diabetes, liver disease,
kidney disease, cancer, AIDS, or other illnesses that result in an immunocompromised
state, and those on immunosuppressive medications.

In addition to the foodborne gastrointestinal illness, this organism also can cause wound
infections. This occurs either through exposure of a pre-existing wound to contaminated
marine or estuarine water or through wounds incurred while handling fish, shellfish, or
crustaceans.

Symptoms: Diarrhea, abdominal cramps, nausea, vomiting, fever, and bloody diarrhea
may be associated with gastroenteritis infections caused by this organism.

Duration: The median duration of the illness is 2 to 6 days.

Route of entry: Oral (in the case of foodborne, gastroenteritis infections. As noted,
wound infections also can occur through direct exposure.)

Pathway: The complete pathway by which V. parahaemolyticus causes disease remains
unclear. However, it is known that TDH is a pore-forming toxin that lyses red blood cells
and can attack intestinal cells, disrupting the electrolyte balance. The mechanism of TRH
toxin is similar to TDH, disrupting electrolyte flux in intestinal cells.

3. Frequency

The Centers for Disease Control and Prevention (CDC) estimates that about 45,000 illnesses
from V. parahaemolyticus occur each year, in the United States, and that about 86% of them are
foodborne. A correlation exists between probability of infection and warmer months, when water
temperatures are greater than 15°C (59°F). CDC estimates that only 1 in 20 cases of

V. parahaemolyticus are reported, and it is likely that hospitalization and death are rare among
unreported cases.
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4, Sources

In the U.S., infections with this organism generally are associated with consumption of raw or
improperly cooked oysters. Other seafood products, including finfish, squid, octopus, lobster,
shrimp, crab, and clams, have been linked to V. parahaemolyticus illnesses, more frequently in
Asian countries.

Thorough cooking kills the Vibrio organisms, so illnesses usually occur from consumption of
raw seafood or cooked seafood that has been contaminated with raw product. Improper
refrigeration of seafood products contaminated with this organism will allow its proliferation,
which increases the possibility of infection.

5. Diagnosis

Diagnosis is made by culturing the organism from a person’s stool, wound, or blood (in
septicemia cases).

6. Target Populations

Anyone who eats raw or improperly cooked seafood products is susceptible to infection by this
organism. People with compromised immune systems are at greater risk of septicemia and death.

7. Food Analysis

FDA’s Bacteriological Analytical Manual (BAM) describes the methods most commonly used to
isolate this organism from foods. Many food isolates are non-pathogenic; therefore, testing food
isolates for the virulence determinants is recommended. The BAM recommends a DNA probe
and/or a PCR procedure for identification of genes responsible for TDH and TRH production.
Additionally, there are more recent molecular methods available for virulence characterization,
many of which can be applied directly to seafood products, to screen for the presence of
pathogenic organisms prior to isolation.

8. Examples of Outbreaks
Shellfish were linked to 177 cases in New York, Oregon, and Washington, in 2006. In 2004, in

Alaska, 62 cases were linked to consumption of raw oysters. Reported outbreaks can be found in
CDC’s Morbidity and Mortality Weekly Reports.

9. Other Resources

e The National Center for Biotechnology Information Taxonomy provides information
about the historical classification of V. parahaemolyticus, as well as current genetic
sequence information.

CDC provides information about V. parahaemolyticus.

e The FDA risk assessment on Vibrio parahaemolyticus structures knowledge about
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V. parahaemolyticus in a systematic manner. It includes mathematical models developed
to estimate exposure to this microorganism, dose-response relationships, and
effectiveness of mitigation strategies.
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Brucella species
For Consumers: A Snapshot

1. Organism
Brucella is a bacterium estimated to cause about
120 cases of confirmed human illness in the U.S.
each year. It’s carried by certain animals who often
miscarry or abort their fetuses when first infected,

Brucella spp. are small, Gram-negative, short,
non-sporeforming coccobacilli. Members of

the genus Brucella, of which there are six but don’t suffer other significant ill effects. They
recognized species, belong to a class of can transmit the bacterium to people, who could
Proteobacteria known as Alphaproteobacteria. | get sick with an illness called brucellosis; for
Diverse groups of organisms comprise this example, to a farmer who helps an infected cow
class, including symbionts and plant deliver a calf or to someone who drinks

unpasteurized (“raw”) milk that came from an
infected cow. Transmission from human to human
is rare. Livestock in the U.S. are part of brucellosis-
free herds or are vaccinated against Brucella, so
most human cases from unpasteurized milk or soft

pathogens, intracellular animal pathogens, and
environmentally ubiquitous bacteria.

Strictly defined, Brucella spp. are facultative,

intra_lcellu_lar parasites able to invade, and cheeses or other products made from it are usually
replicate in, phagocytes of the host and to linked to products that came from other countries.
multiply in bacteriologic media. CO,- (But consumers beware: even the unpasteurized

dependent B. abortus strains exist, and B. ovis | milk and milk products produced in the U.S. can
grows only in atmospheres Containing 5-10% carry other bacteria that cause serious illness or
CO,. While evidence suggests that Brucella death, and the FDA strongly discourages

S can survive in the environment. it is less consumers from drinking or eating unpasteurized
Pp. u ! milk products, regardless of where they’re from.)

clear whether or not the bacteria can Brucellosis, the disease caused by Brucella, is more
proliferate extensively outside the host. common in developing countries. The disease also
is called “undulant fever,” because the high fevers
Unlike other pathogenic bacteria, Brucella and sweating that are characteristic of the illness
spp. do not possess plasmids or lysogenic come and go, and this may last for months or
bacteriophages, which accounts for the years. For this reason, the illness often is treated
organism’s relatively (but not entirely) static with a combination of antibiotics, and is treated for

genome Were Brucella to pOssess these a longer time than is usual for most bacterial
: infections, preventing relapse in about 90% of

factors, they \,NOUId "ke|¥ r_esult In Char_]ges to cases. Although the death rate from Brucella
the organism-s pathogenicity, py enabling the infection is low in the U.S. — less than 2% — the
organism to undergo more rapid exchange of disease can develop into serious or fatal

genetic material or by introduction of the complications; for example, it can infect the lining

attacking bacteriophage’s DNA into of the heart or the heart muscle itself, the brain

Brucella’s DNA, respectively. and the layers covering it, the joints, or the spinal
column.

Another property of Brucella species is their
strong preference for a particular animal host, as follows (with hosts in parentheses):

B. melitensis (sheep, goat), B. abortus (cattle), B. suis (pigs, hares, reindeer, wild rodents),
B. neotomae (desert wood rats), B. canis (dogs), and B. ovis (sheep). All except B. ovis and
B. neotomae are known to be infectious to humans.

Each species can be further subdivided into biovars. Some controversy exists over whether the
six species should be considered serovars of a single species, due to high DNA homology among
them. In addition, a number of Brucella strains isolated from marine mammals await further
genetic classification.
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The resolution of species has been dependent on host preference; outer-membrane protein
sequences; small, but consistent, genetic differences; biochemical characteristics; and restriction
maps. For example, slide agglutination is very useful for distinguishing “smooth” strains (i.e.,
those with an O-polysaccharide-containing outer-membrane lipopolysaccharide: B. melitensis,
B. abortus, B. suis, and B. neotomae) from “rough” strains (i.e., those without an O-
polysaccharide-containing outer-membrane lipopolysaccharide: B. ovis and B. canis).

Wildlife reservoirs of B. abortus also exist in free-roaming elk and bison.
2. Disease

Brucellosis transmitted from animal hosts to humans (i.e., zoonotic) is highly contagious, but is
rarely transmitted from human to human. Contact occurs most commonly through occupational
exposure (e.g., assisting with animal birthing) or ingestion of animal products (e.g., raw milk and
soft cheeses made with unpasteurized goat or cow milk). Among the rare instances of human-to-
human transmission are those that have included exposure through reproduction and breast-
feeding.

In addition to depending on the type of Brucella strain, the severity of the illness depends on host
factors and dose.

Vaccines are routinely used to control disease in livestock. Certain vaccine strains, notably B.
abortus RB51, and inadvertent needle sticks have resulted in infection in humans.

Currently no vaccine exists for humans.

e Mortality: Less than 2%.

e Infective dose: Undefined for humans; however, it is estimated that fewer than 500 cells
are enough to establish infection. Humans appear to be more susceptible to B. melitensis
than to the other species that infect humans.

e Onset: Following exposure, signs of illness usually appear within 3 weeks, but longer
incubation periods are not unusual.

e Disease / complications: In the beginning stage of illness, septicemia results after
multiplication of the organism in regional lymph nodes. Patients have the intermittent
fevers and sweating that are the hallmarks of brucellosis, along with other potential
symptoms (described in Symptoms section, below).

If the diagnosis of brucellosis is delayed or the disease is left untreated, the disease may
become chronic, and focalizations of brucellosis in bones (i.e., brucellar spondylitis) and
joints may occur. Other potential complications include bacterial endocarditis,
meningioencephalitis, and myocarditis. Allergic hypersensitivity (dermal) is not
uncommon and should be a consideration for laboratory workers or others with repeated
exposures to the organism or antigens.

The antibiotics most commonly used to treat human brucellosis include tetracycline,
rifampicin, and the aminoglycosides. However, due to a high likelihood of relapse, health
officials recommend the administration of more than one antibiotic for up to 6 weeks.
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Common combinations include doxycycline plus rifampicin or doxycycline plus
streptomycin. For approximately 90% of patients, such aggressive therapy is enough to
treat the infection and prevent relapse.

Symptoms: Potential initial signs of illness include intermittent (i.e., “undulant”) fever,
chills, sweating, weakness, malaise, headache, and joint and muscle pain. Patients who
develop complications may show symptoms of endocarditis or myocarditis, such as
shortness of breath, arrhythmia, edema, or chest pain; meningoencephalitis, such as
severe headache, stiff neck, confusion, or seizures; or spondylitis, such as back pain.

Duration: With appropriate antibacterial therapy, it is possible to see resolution of
disease in only a few weeks; however, even with treatment, symptoms may reappear and
last for months or even years.

Route of entry: Oral; e.g., through ingestion of contaminated raw milk or milk products.
Inhalation; e.g., by laboratory personnel in the clinical setting. Via skin wounds; e.g., in
slaughterhouse workers and veterinarians. In rare instances, human-to-human
transmission may occur through, e.g., reproduction or breast-feeding.

Pathway: Humans most commonly come into contact with Brucella through cutaneous,
respiratory, or gastrointestinal routes of exposure, allowing the bacteria access to both the
blood and reticuloendothelial system. How Brucella, an intracellular parasite, survives
intracellularly and its pathogenesis pathway in humans are not well understood. It is clear
that the organism’s ability to live and replicate within the phagocytic cells of the
reticuloendothelial system (e.g., macrophages) is a critical component of its ability to
evade host defenses and establish disease chronicity. Once inside the macrophage, some
bacteria are killed; however, a subpopulation can be transported into the intracellular
spaces (i.e., the replicative phagosome) of the macrophage and multiply unnoticed and
without inducing cell death. When moved to the lymph nodes, macrophages die and can
release large amounts of bacteria.

In humans, the infection is primarily focused within the reticuloendothelial system, but,
in other animal hosts, the organism targets the placental trophoblast cells of pregnant
animals, causing fetuses to be aborted. Human cases of spontaneous abortion have been
noted following infections with Brucella, similar to occurrences associated with another
intracellular pathogen, Listeria monocytogenes, that likewise affects dairy products.

Research on Brucella pathogenesis has revealed one reason B. melitensis might be more
pathogenic to humans than are other species. Study of human neutrophils found in the
bloodstream demonstrated different responses for different species of Brucella. For
example, the bacteria were killed more readily in neutrophils infected with B. abortus
than in those infected with B. melitensis. However, strains of B. abortus and B. melitensis
in which the virulence was attenuated showed no difference.

Effects of Brucella on animal hosts: Brucella species generally do not cause illness in their
primary (animal) hosts. In many cases, the only evidence of infection appears when a pregnant
host suffers an abortion. Male animals can asymptomatically harbor the organism in their
reproductive organs. Although Brucella strains have a strong preference for their host animals,
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interspecies transmission does occur through close physical contact with the bacterium. B. ovis
and B. canis appear to have a substantially reduced virulence for animals other than their hosts.

3. Frequency

According to a recent estimate by the Centers for Disease Control and Prevention (CDC), 839
cases of foodborne brucellosis occur each year in the United States, if under-reporting and under-
diagnosis are taken into account. Vaccination of domestic livestock has largely controlled the
disease in the U.S. and Canada.

4, Sources

Brucellosis in humans is usually associated with consumption of unpasteurized milk and soft
cheeses made from the milk of infected animals.

5. Diagnosis

Most often, the diagnosis of brucellosis relies on the isolation of the organism from blood or
bone marrow. In addition, a number of immunologic techniques exist for detection of anti-
Brucella antibodies. The organism may also be isolated from the liver, spleen, bone marrow, or
cerebrospinal fluid.

The growth of Brucella from blood culture is notoriously slow, contributing to difficulties in
diagnosis.

In the case of disease progression to focalizations or chronic infections, histologic changes and
radiologic evidence of erosion of lumbar vertebrae are useful for diagnosis. Localization of
infection in the spinal column, brucellar spondylitis, is not uncommon with chronic infection.
Appearance of Pedro Pons’ sign (erosion at the anterior superior angle of lumbar vertebra) and
bone spurs (osteophytosis) are classic indications of brucellar spondylitis.

6. Target Populations

Veterinarians and farm workers are at particular risk of infection, due to occupational exposure
to tissues of aborted animal fetuses, which may contain millions of organisms.

Brucellosis in humans tracks the distribution of animal illness. Human cases of brucellosis are
found primarily in developing countries with animal cases and a high level of consumption of
unpasteurized milk products.

In the U.S., human cases linked to domestically produced milk or milk products are largely
nonexistent; cases are almost exclusively linked to unpasteurized milk products imported from
certain areas of Latin America. This is in contrast to countries such as Mexico, where both
human and animal infection of B. melitensis have been reported in every state.

36



Bad Bug Book - Foodborne Pathogenic Microorganisms and Natural Toxins - Second Edition

Other focal points for both animal and human infection caused by B. melitensis include countries
with large goat populations, including Mediterranean Europe, Africa, the Middle East, India, and
parts of Asia.

» Brucellosis is the most commonly reported laboratory-acquired infection among clinical
laboratory personnel. <« Risk of transmission arises during laboratory procedures that cause the
organism to become airborne (e.g., pouring of broths, sample centrifugation). For this reason, all
manipulations generating bioaerosols should be done in a class Il biological safety cabinet, using
Biosafety 3 containment practices and facilities.

7. Food Analysis
Currently no method is available for routine analysis of foods for Brucella spp.
8. Examples of Outbreaks

CDC/MMWR Brucella — provides a link to CDC Morbidity and Mortality Weekly Reports
related to Brucella.

MMWR article emphasizes the occupational risk from exposure to Brucella.

9. Other Resources
e NIH/PubMed, Brucella search — Provides a list of research abstracts from the National
Library of Medicine’s MEDLINE database.

e Agricola, Brucella search — Provides a list of research abstracts from the National
Agricultural Library database.

e Loci index for genome Taxonomy Browser — Available from the GenBank Taxonomy
database, which contains the names of all organisms represented in the genetic databases
with at least one nucleotide or protein sequence.

e CDC information about brucellosis.
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Vibrio cholerae
Serogroups O1 and 0139

1. Organism

Vibrio cholerae serogroups O1 and 0139
are responsible for epidemics and
pandemic cholera outbreaks. These
organisms are Gram-negative, slightly
curved, rod-shaped bacteria that occur
naturally in aquatic environments.
Virulence of V. cholerae serogroups O1
and 0139 is predicted by the production of
an enterotoxin called cholerae toxin (CT)
and the toxin co-regulated pilus (TCP).

(Note: these organisms should not be
confused with other Vibrio species
addressed in other chapters of this book;
i.e., Vibrio cholerae non-O1 non-0139,
Vibrio parahaemolyticus, and Vibrio
vulnificus.)

V. cholerae O1 and 0139 are the most
hardy of the pathogenic Vibrio spp. and
have the ability to survive in freshwater
and in water composed of up to ~3% salt.
However, these organisms are very
susceptible to disinfectants, cold
temperatures (especially freezing), and
acidic environments. They are readily
inactivated at temperatures >45°C, and
cooking food is lethal to V. cholerae O1
and O139. V. cholerae 0139 is unique
among V. cholerae strains, in that it is
encapsulated. However, this does not
appear to provide greater pathogenicity or
resistance to common disinfectants, such
as ethanol and bleach.

2. Disease

V. cholerae causes cholera, a
gastrointestinal illness.

e Mortality: Without rehydration

For Consumers: A Snapshot

There are different kinds (species) of Vibrio, a
bacterium. This one causes cholera, a disease that can
be mild, but sometimes becomes serious. If serious
cases aren’t treated, they often are fatal. This kind of
Vibrio can live in both saltwater (for example, coastal
ocean water) and freshwater, such as rivers. It grows
there naturally or can get into the water from the
bowel waste of infected people (sewage). Water
contaminated with Vibrio can cause illness if people
drink the water or eat seafood that has been living in it,
or if the water comes into contact with food in other
ways. In the U.S., occasional cases of cholera from
seafood (and even small outbreaks) continue, but the
problem is much larger in countries with poor
sanitation. After the 2010 earthquake in Haiti, when
many people had only unsanitary water for bathing and
drinking, a large cholera outbreak killed more than
7,000 people. This bacterium makes a toxic substance,
in the bowel, that causes watery diarrhea. Vomiting
also may occur. Symptoms start a few hours to 3 days
after contaminated food or water is taken in. In mild
cases, the illness usually goes away by itself in a few
days. In serious cases, there may be so much diarrhea
that the body loses dangerous amounts of fluid and
minerals — so much that, without treatment, patients
may die. Health professionals can provide the right
balance of fluid and minerals and, if needed, the right
kinds of antibiotics to kill Vibrio. But preventing the
illness in the first place is a better idea. You can help
protect yourself by cooking seafood until the inside
reaches a temperature, for at least 15 seconds, of
145°F, but 155°F for things like fishcakes and 165°F for
stuffed fish. It’s important to wash raw foods in sanitary
water and to wash hands, equipment, and cooking and
food-handling surfaces, and to keep food refrigerated
at 40°F or lower. After kitchen surfaces are washed,
sanitize them with a commercially available product
that’s sold as a kitchen sanitizer. Cooked foods should
always be kept from touching raw foods, to prevent
contamination. That’s especially important with this
kind of Vibrio, which can grow in cooked food if it
becomes contaminated. You might have heard people
say that you should eat oysters or other shellfish only in
months with the letter “R” — for example January,
February, etc. But remember that Vibrio and other
bacteria (and viruses) that affect seafood can cause
iliness in any month, so follow basic food-safety tips all
year.
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therapy, this disease has a 30% to 50% mortality rate; however, with timely treatment,
the fatality rate is less than 1%.

Infective dose: It is estimated that ingestion of 1 million organisms is required to cause
illness.

Onset: Symptoms usually appear within a few hours to 3 days of ingestion.

IlIness / complications: Infection with V. cholerae serogroups O1 or 0139 causes mild
to severe diarrhea. Approximately 20% of those infected have watery diarrhea, and 10%
to 20% of those develop severe watery diarrhea (characteristic rice-water stools) and
vomiting.

Cholera gravis, the most severe form of cholera infection, is characterized by severe fluid
and electrolyte loss from vomiting and profuse, watery diarrhea. Complications include
tachycardia, hypotension, and dehydration.

V. cholerae O1 and 0139 infections can be treated with antibiotics, though rehydration
therapy is generally sufficient. Doxycycline and/or tetracycline are the antibiotics of
choice; however, some resistance to tetracycline has been reported.

Symptoms: The illness generally presents with abdominal discomfort and diarrhea that
may vary from mild and watery to acute, with rice-water stools. Vomiting also occurs in
some cases.

Duration: Mild gastroenteritis cases usually resolve within a few days of symptom
onset. Cases requiring medical intervention via rehydration therapy or antibiotic
treatment can persist longer, depending on severity of illness when treatment is initiated.

Route of entry: Oral.

Pathway: CT is an enterotoxin that enters epithelial cells of the intestine and causes
secretion of electrolytes and water into the lumen of the intestine. This water loss results
in severe diarrhea and dehydration. It is known that CT is a multi-subunit toxin encoded
by the ctxAB operon. Additionally, genes responsible for formation of the TCP (toxin co-
regulated pilus) are essential for infection.

3. Frequency

No major outbreaks of cholera have occurred in the United States since 1911. However, sporadic
cases and small outbreaks have been reported since 1973, suggesting an environmental reservoir
in the U.S. The Centers for Disease Control and Prevention (CDC) estimates that 84 cases of
foodborne cholera occur in the U.S. annually.

This organism causes an estimated 11 million cases per year worldwide, excluding outbreaks.
Nearly 90% of cases and 70% of outbreaks from 1995 to 2005 occurred in Africa.

4. Sources

In the U.S., infections with these organisms have been associated with a variety of seafoods,
including molluscan shellfish (oysters, mussels, and clams), crab, lobster, shrimp, squid, and
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finfish. Iliness generally results from consumption of these seafoods raw, improperly cooked, or
cross contaminated by a raw product. Although cooking kills these bacteria, serogroups O1 and
013 can grow in shellfish that have been contaminated after cooking, and prompt refrigeration of
food remnants is important for prevention of this illness.

In areas where V. cholerae Serogroup O1 and/or 0139 is endemic, infections can occur from
ingestion of water; ice; unwashed, contaminated food; and seafood.

5. Diagnosis

Cholera can be confirmed only by isolation of the causative organism from the diarrheic stools of
infected people.

6. Target Populations

All people are believed to be susceptible to infection. However, infection is more likely to occur
among people in impoverished areas, poorly developed areas, and areas with a high population
density. Cholera is most severe in children suffering from malnutrition. People who have not
previously been exposed to the organism are more likely to become infected, as immunity is
usually conferred by infection. Improved sanitation and hygiene can help prevent the disease.

7. Food Analysis

FDA’s Bacteriological Analytical Manual (BAM) describes the methods most commonly used to
isolate this organism from foods. Pathogenic and non-pathogenic forms of the organisms do
exist; therefore, testing food isolates for the virulence determinants is recommended. The BAM
recommends a PCR method for detection of the gene responsible for cholera toxin (CT)
production.

8. Examples of Outbreaks

In the U.S., two cases of cholera were reported following Hurricanes Katrina and Rita, in 2005.

Internationally, the most recent reported outbreak of cholera occurred in Haiti, in October 2010,
which included an estimated 530,000 illnesses and at least 7,000 deaths.

As is the case with the other Vibrio spp., there is a seasonal trend associated with outbreaks;
illnesses are more likely to occur in the warmer months.

9. Other Resources

e Centers for Disease Control and Prevention disease listing. General information about
V. cholerae.

e World Health Organization. General and technical information about cholera, including
outbreak details.
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e Risk assessment of choleragenic Vibrio cholerae O1 and 0139 in warm-water shrimp in
international trade. This risk assessment structures knowledge about V. cholerae O1 and
0139 in a systematic manner, and includes mathematical models developed to estimate
exposure to this microorganism and the dose-response relationships.

e National Center for Biotechnology Information Taxonomy. Provides information about
the historical classification of V. cholerae as well as current genetic sequence
information.

Additional reading:

FAO/WHO. 2005. Risk Assessment of Choleragenic Vibrio cholerae O1 and 0139 in Warm-
Water Shrimp in International Trade: Interpretative Summary and Technical Report in World
Health Organization, Food and Agriculture Organization of the United Nations, Geneva,
Switzerland.

CDC. 2006. Two Cases of Toxigenic Vibrio cholerae O1 Infection After Hurricanes Katrina and
Rita - Louisiana, October 2005. MMWR 55:31-32.

Griffith DC, Kelly-Hope LA, Miller MA. 2006. Review of reported cholera outbreaks
worldwide, 1995-2005. Am. J. Trop. Med. Hyg. 75:973-977.

Pollizer, R. 1959. Cholera, Monograph no. 43. World Health Organization, Geneva,
Switzerland.

Vezzulli L, Guzman CA, Colwell RR, Pruzzo C. 2008. Dual role colonization factors connecting

Vibrio cholerae’s lifestyles in human and aquatic environments open new perspectives for
combating infectious diseases. Curr. Opin. Biotechnol. 19:254-259.
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Vibrio cholerae non-O1 non-0139
1. Organism

This Gram-negative, curve-shaped bacterium
is naturally occurring in brackish (i.e.,
somewhat salty) water, but survives and occurs
in aquatic environments ranging from
freshwater to open ocean. Non-O1 non-O139
Vibrio cholerae typically do not produce
cholera toxin (CT), and little is known about
how these organisms cause disease. The only
serogroups of V. cholerae currently recognized
as causing cholera are O1 and O139; however,
cholera-like symptoms have been infrequently
reported in the United States from CT-
producing strains from serogroups 0141 and
O75.

(Note: This organism should not be confused
with other Vibrio serogroups or species
addressed in other chapters of this book; i.e.,
Vibrio cholerae O1 and 0139, which does
cause cholera; Vibrio parahaemolyticus; and
Vibrio vulnificus.)

V. cholerae non-O1 non-0139 are more hardy
than most of the other pathogenic Vibrio spp.,
and have the ability to survive in freshwater
and in water composed of up to ~3% salt.
However, these organisms are very susceptible
to cold temperatures, including freezing, and
acid environments. Additionally, cooking food
thoroughly kills V. cholerae non-O1 non-
0139. V. cholerae non-O1 non-0139 are not
encapsulated, and are susceptible to common
disinfectants, such as ethanol and bleach.

2. Disease

Non-Ol non-0O139 V. cholerae causes
gastroenteritis, but not cholera. Occasionally, it
causes septicemic infections among people
with predisposing conditions. Those conditions

For Consumers: A Snapshot

There are different kinds (species) of Vibrio, a
bacterium. This one doesn’t cause cholera (that
type of Vibrio is covered in another chapter), but
can cause diarrhea, stomach cramps, fever,
nausea, and/or vomiting, which usually go away
by themselves in about a week. In people with
weak immune systems, it can go on to infect the
blood and cause serious or deadly infections in
other parts of the body, and about 5% of those
people die each year. Examples of people with
weak immune systems are those with HIV/AIDS or
who are on medicines that lower the actions of
the immune system, like some kinds of drugs for
rheumatoid arthritis or cancer treatment. These
people, especially, should always thoroughly cook
their seafood, and should see a health
professional if they develop symptoms. This kind
of Vibrio usually lives in water that’s mildly salty,
but also can live in the ocean and fresh inland
waters, such as rivers. It can also get into the
water from the bowel waste of infected people
(for example, from sewage). Water contaminated
with Vibrio can cause illness if people drink the
water or eat seafood that has been living in it, or if
the contaminated water comes into contact with
food in other ways. In the U.S., more than 17,000
cases of this illness occur each year. You can help
protect yourself by cooking seafood until the
inside reaches a temperature, for at least 15
seconds, of 145°F, but 155°F for things like
fishcakes and 165°F for stuffed fish. It’s important
to wash raw foods in sanitary water and to wash
hands, equipment, and surfaces when handling or
cooking food; keep food refrigerated at 40°F or
lower; and keep raw foods from touching cooked
foods and equipment and surfaces used for
cooking or eating. After kitchen surfaces are
washed, sanitize them with a commercially
available product that’s sold as a kitchen sanitizer.
You might have heard people say that you should
eat oysters or other shellfish only in months with
the letter “R” — for example January, February,
etc. But remember that Vibrio and other bacteria
(and viruses) that affect seafood can cause illness
in any month, so follow basic food-safety tips all
year long.

include chronic liver disease (cirrhosis, hepatitis, liver transplantation, and cancer of the liver),
elevated serum iron levels (hemachromatosis), compromised immune system (for example,
chemotherapy, steroid use and other immunosuppressive medications, AIDS), other chronic
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illnesses (diabetes, renal disease, intestinal disease, and insufficient gastric acid). People with
these conditions, especially, should eat seafood only if it has been properly cooked.

Mortality: The fatality rate is about 5%, generally among people with the predisposing
conditions listed above.

Infective dose: It is suspected that large numbers (more than 1 million) of the organism
must be ingested to cause illness.

Onset: Symptoms usually appear within 1 to 3 days of ingestion.

IlIness / complications: Diarrhea resulting from ingestion of this organism is generally
self-limiting. However, septicemia infections can result, and there is approximately a 5%
fatality rate associated with non-O1 non-O139 V. cholerae, generally in people having
predisposing conditions similar to those for V. vulnificus infection.

Symptoms: Diarrhea, abdominal cramps, and fever are the predominant symptoms
associated with this illness, with vomiting and nausea occurring in approximately 25% of
infected people. Approximately 25% of infected people have blood and mucus in their
stool.

Duration: Symptoms usually resolve within 7 days.

Route of entry: Oral. (Occasionally, infections with this organism that are not
foodborne occur in wounds and ears.)

Pathway: Very little is known about how non-CT producing strains of V. cholerae cause
disease. These strains generally produce other types of enterotoxins, such as RTX
(repeats in toxin); however, none have been shown to be absolutely necessary for
infection.

3. Frequency

The Centers for Disease Control and Prevention (CDC) estimates that 17,564 cases of foodborne
iliness from these Vibrio species occur annually in the U.S.

4. Sources

Sporadic cases generally occur along the coasts of the U.S. and are associated with consumption
of raw, improperly cooked, or cross-contaminated seafood during the warmer months.

5. Diagnosis

Diagnosis of a V. cholerae infection is made by culturing the organism from patients’ diarrheic
stool or from the blood of patients with septicemia.
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6. Target Populations

Anyone who eats raw shellfish is susceptible to diarrhea caused by this organism. As noted
above, cirrhotic or immunocompromised people may develop severe complications, such as
septicemia.

7. Food Analysis

FDA’s Bacteriological Analytical Manual (BAM) describes the methods most commonly used to
isolate this organism from foods. Pathogenic and non-pathogenic forms of the organisms do
exist; therefore, testing food isolates for the virulence determinants is recommended. The BAM
recommends a PCR method for the detection of the gene responsible for CT production.

8. Examples of Outbreaks

This organism generally is associated with sporadic illnesses and rarely causes outbreaks. In the
spring of 2011, the first oyster-associated V. cholerae O75 outbreak in the U.S. occurred. There
were 10 illnesses associated with consumption of raw oysters from Florida. (See Onifade TJM,
Hutchison R, Van Zile K, Bodager D, Baker R, Blackmore C. 2011. Toxin producing Vibrio
cholerae O75 outbreak, United States, March to April 2011. Eurosurveillance.
16(20):pii=19870.)

9. Resources

e CDC disease listing — General information about V. cholerae.

e National Center for Biotechnology Information Taxonomy. Information about the
historical classification of V. cholerae, as well as current genetic sequence information.

Additional reading:

FAO/WHO, 2005. Risk Assessment of Choleragenic Vibrio cholerae O1 and 0139 in Warm-
Water Shrimp in International Trade: Interpretative Summary and Technical Report, World
Health Organization / Food and Agriculture Organization of the United Nations, Geneva,
Switzerland.

CDC. 2008. Summary of human Vibrio cases reported to CDC, 2007.

Crump JA, Bopp CA, Greene KD, Kubota KA, Middendorf RL, Wells JG, Mintz ED. 2003.
Toxigenic Vibrio cholerae serogroup O141-associated cholera-like diarrhea and bloodstream
infection in the United States. J. Infect. Dis. 187:866-868.

Tobin-D'Angelo M, Smith AR, Bulens SN, Thomas S, Hodel M, I1zumiya H, Arakawa E, Morita
M, Watanabe H, Marin C, Parsons MB, Greene K, Cooper K, Haydel D, Bopp C, Yu P, Mintz E.
2008. Severe diarrhea caused by cholera toxin-producing Vibrio cholerae serogroup O75
infections acquired in the southeastern United States. Clin. Infect. Dis. 47:1035-1040.
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Vezzulli L, Guzman CA, Colwell RR, Pruzzo C. 2008. Dual role colonization factors connecting
Vibrio cholerae’s lifestyles in human and aquatic environments open new perspectives for
combating infectious diseases. Curr. Opin. Biotechnol. 19:254-259.

West BC, Silberman R, Otterson WN. 1998. Acalculous cholecystitis and septicemia caused by

non-O1 Vibrio cholerae: first reported case and review of biliary infections with Vibrio cholerae.
Diagn. Microbiol. Infect. Dis. 30:187-191.
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Vibrio vulnificus
1. Organism

This Gram-negative, curve-shaped
bacterium is found in estuarine
environments and is associated with
various marine species, such as plankton,
shellfish, crustaceans, and finfish. It is
found throughout coastal waters of the
continental United States.

Optimal temperatures for V. vulnificus are
between 20°C to 35°C; it can grow at
temperatures up to 41°C. It is slowly
inactivated at temperatures <10°C
(minimum growth temperature), and
cultures should never be stored in
refrigerators. V. vulnificus is halophilic;
the highest abundance in oysters is at
23ppt. It is lysed almost immediately in
freshwater; thus, it is not usually
transmitted via the fecal-oral route. At
least 0.5% NaCl is required in all media,
and 2% NaCl is optimal. Like other
vibrios, V. vulnificus is highly susceptible
to low pH, freezing, and cooking. Most
strains of V. vulnificus produce a capsule,
but all strains can be killed by common
disinfectants, such as bleach and alcohol.

2. Disease

Although illness from this Vibrio species
is less common than that from other Vibrio
species (which are addressed separately, in
other chapters), it more often tends to be
deadly. If the infection is detected early,
V. vulnificus is susceptible to treatment
with antibiotics; generally tetracycline.

e Mortality: Death occurs in an
average of 35% of septicemia
cases (and 20% of wound-infection
cases).

e Infective dose: The infective dose

For Consumers: A Snapshot

There are different kinds (species) of Vibrio, a
bacterium. This one doesn’t cause cholera (that type of
Vibrio is covered in another chapter), and it doesn’t
cause illness as often as the other kinds — just under
100 cases a year — but when it does, the illness is more
often fatal. If it’s detected early, certain antibiotics can
be used to treat it. This kind of Vibrio usually lives in
estuaries; for example, where sea water and river water
come together. Water contaminated with Vibrio can
cause illness if people drink the water or eat seafood
(shellfish, such as oysters and clams, and shrimp, as a
few examples) that has been living in it, or if the
contaminated water comes into contact with food in
other ways. Cooked foods should always be kept from
touching raw foods, to prevent contamination. That’s
especially important with this kind of Vibrio, which
grows easily in cooked food if it becomes
contaminated. In people with weak immune systems,
especially, illness from this kind of Vibrio can go on to
infect the blood and cause serious or deadly infections
in other parts of the body, too. About 35% of people in
whom the infection has spread to the blood die. A few
examples of people with weak immune systems are
those with HIV/AIDS or who are on medicines that
lower the actions of the immune system, like some
drugs for rheumatoid arthritis or cancer treatment.
People with high levels of iron in their blood, usually
due to liver disease, also are at higher risk. These
people, especially, who are at higher risk for whatever
reason, should always thoroughly cook their seafood
and should see a health professional if they develop
symptoms. You can help protect yourself by cooking
seafood until the inside reaches a temperature, for at
least 15 seconds, of 145°F, but 155°F for fishcakes and
165°F for stuffed fish. It’s also important to wash raw
foods in sanitary water and to wash hands, equipment,
and surfaces when handling or cooking food; keep food
refrigerated at 40°F or lower; and keep raw foods from
touching cooked foods and equipment and surfaces
used for cooking or eating. After kitchen surfaces are
washed, sanitize them with a commercially available
product that’s sold as a kitchen sanitizer. You might
have heard people say that you should eat oysters or
other shellfish only in months with the letter “R” — for
example January, February, etc. But remember that
Vibrio and other bacteria (and viruses) that affect
seafood can cause illness in any month, so follow basic

food-safety tips all year long.
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from ingestion of V. vulnificus is largely unknown, since human feeding studies involving
this organism would be unethical. The FAO/WHO V. vulnificus Risk Assessment
(VVRA) provides a dose response based on U.S. epidemiologic data and estimates that
(1) a dose of 1,000 organisms can cause illness and (2) at a total dose of 1 million
organisms, the risk of disease for susceptible people is 1:50,000.

e Onset: The range of time to onset of gastroenteritis symptoms may be approximately 12
hours to 21 days. (Onset of symptoms in cases of wound infection may be in as few as 4
hours.) The mean time to septicemia is 4 days.

e lllness / complications: In healthy people, ingestion of this organism can cause
gastroenteritis that generally remains localized and is self-limiting. Among susceptible
people, the organism may cause primary septicemia (septic shock). Susceptible people
include those with a predisposing condition; for example, those who are
immunocompromised or have high serum iron levels (usually due to liver disease). More
than 60% of those with septicemia develop secondary lesions on the extremities, similar
to those found in wound infections.

V. vulnificus also can cause wound infections directly, either through wounds incurred
while handling fish, crustaceans, or shellfish, or when a pre-existing wound is exposed to
marine or estuarine waters harboring the organism. Wound infections caused by

V. vulnificus are characterized by inflammation at the wound site, which can progress to
cellulitis, bullous lesions, and necrosis. The infection can become systemic, with affected
people developing fever, chills, altered mental status, and hypotension.

Secondary lesions from septicemia, as well as primary wound infections caused by direct
contact, frequently require surgical debridement or amputation.

e Symptoms: Gastroenteritis caused by V. vulnificus is characterized by fever, diarrhea,
abdominal cramps, nausea, and vomiting. Onset of septicemia is characterized by fever
and chills, occasionally accompanied by vomiting, diarrhea, abdominal pain, and/or pain
in the extremities.

e Duration: In uncomplicated cases, gastroenteritis is self-limiting. The mean duration of
septic illness is 1.6 days (i.e., the brief duration is reflective, in part, of the high mortality
associated with septicemia).

e Route of entry: The gastroenteritis form of illness caused by V. vulnificus results from
ingestion of the organism.

e Pathway: V. vulnificus harbors many putative virulence factors, including capsule, pili,
hemolysins, metalloproteases, and enterotoxins. However, none of these factors has been
shown unequivocally to be essential in causing disease; much remains unknown.

3. Frequency

Sporadic illnesses have been attributed to this organism, but no foodborne outbreaks have been
reported.
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The Centers for Disease Control and Prevention (CDC) estimates that 96 cases of foodborne
illness from V. vulnificus occur annually in the U.S. Sporadic cases are more prevalent during the
warmer months, when water temperatures are higher than 20°C (68°F).

4. Sources

More than 90% of V. vulnificus illnesses in the U.S. are associated with consumption of raw Gulf
Coast oysters. Ingestion of clams and shrimp also has been associated with disease. Thorough
cooking or freezing kills the organism, so illnesses usually occur from consumption of raw
seafood or cooked seafood that has been contaminated with raw product.

5. Diagnosis

The culturing of the organism from wounds, diarrheic stools, or blood is diagnostic of this
illness.

6. Target Populations

Anyone who eats raw seafood products harboring V. vulnificus, or cooked seafood products cross
contaminated with the organism, may develop gastroenteritis. People with predisposing
conditions are the most susceptible to septicemia and should eat seafood products only if they
have been properly cooked. Predisposing conditions include chronic liver disease (cirrhosis,
hepatitis, liver transplantation, or cancer of the liver), elevated serum iron levels
(hemachromatosis), compromised immune system (chemotherapy, steroid or other
immunosuppressive medication use, AIDS), other chronic illnesses (diabetes, renal disease,
intestinal disease), and insufficient gastric acid.

Anyone may develop wound infections from contact with estuarine waters.
7. Food Analysis
FDA’s Bacteriological Analytical Manual (BAM) describes the methods most commonly used to

isolate this organism from foods. More recent molecular methods are available that can be
applied directly to seafood products to screen for the presence of V. vulnificus prior to isolation.

8. Examples of Outbreaks

No outbreaks of V. vulnificus have been reported. Sporadic cases occur throughout the year,
increasing in frequency during the warmer months.

Additional illness information can be found in CDC’s Morbidity and Mortality Weekly Reports.

9. Resources

e National Center for Biotechnology Information Taxonomy provides information on the
historical classification of V. vulnificus, as well as current genetic sequence information.
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e The CDC Disease Listing provides information about V. vulnificus.

e FAO/WHO Risk Assessment of Vibrio vulnificus in Raw Oysters structures knowledge
about V. vulnificus in a systematic manner and includes mathematical models developed
to estimate exposure to this microorganism.

e Interstate Shellfish Sanitation Conference is a cooperation of state and federal control
agencies, the shellfish industry, and the academic community that promotes shellfish
sanitation and provides educational material.

o Safe Oysters. A gateway to Vibrio vulnificus information for health care providers, food
and health educators, consumers, fishermen, and commercial processors.

Additional Reading:

Food and Agricultural Organization and World Health Organization, 2010. Risk Assessment of
Vibrio vulnificus in Raw Oysters: Interpretative Summary and Technical Report, World Health
Organization / Food and Agriculture Organization of the United Nations, Rome, Italy.

Hag SM, Dayal HH. 2005. Chronic liver disease and consumption of raw oysters: a potentially
lethal combination--a review of Vibrio vulnificus septicemia. Am. J. Gastroenterol. 100:1195-
1199.

Strom MS, Paranjpye RN. 2000. Epidemiology and pathogenesis of Vibrio vulnificus. Microbes.
Infect. 2:177-188.
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Cronobacter species (formerly
Enterobacter sakazakii)

1. Organism

Cronobacter, formerly Enterobacter
sakazakii, is a Gram-negative, motile, rod-
shaped, non-sporulating pathogenic
bacterium that can cause foodborne
illness, primarily among infants and
immunocompromised adults. It is a rare
cause of invasive diseases, including
bacteremia, meningitis, and necrotizing
enterocolitis.

The organism is able to survive in low-
moisture foods, such as powdered infant
formula, for long periods.

m Notes on nomenclature change from
E. sakazakii:

Cronobacter originally was defined as a
species, Enterobacter sakazakii, in 1980.
New evidence obtained through recent
research using amplified fragment-length
polymorphism, phenotypic arrays,
automated ribotyping, 16S rRNA gene
sequencing, and DNA-DNA hybridization
resulted in a nomenclature change, in
2008, from E. sakazakii to a new genus,
Cronobacter.

Five species comprise the new genus,
including Cronobacter sakazakii gen.
nov., Cronobacter malonaticus sp. nov.,
Cronobacter turicensis sp. nov.,
Cronobacter muytjensii sp. nov., and
Cronobacter dublinensis sp. nov. An
additional new species, Cronobacter
genomospecies 1, also has been proposed.
However, a very limited number of type
strains have been identified for this
species.

For Consumers: A Snapshot

This bacterium is especially risky for newborn infants.
The illness it causes is rare, but when it occurs, infants
younger than 2 months old are at highest risk. The
death rate is high, from 10 percent to 80 percent. Unlike
some bacteria, this one can survive in dried foods, like
powdered infant formula. It can then multiply after
liquid is added to the formula, especially if the formula
is stored at an incorrect temperature, and cause illness
in babies who drink it. Symptoms may include poor
feeding, irritability, jaundice (yellow skin and whites of
the eyes, which can also be caused by other conditions),
temperature changes, grunting breaths, and seizures.
The infection may cause bowel damage and may spread
through the blood to other parts of the body, such as
the brain, causing permanent damage in those who
survive. Although the bacterium also has been found in
a variety of other foods, only powdered infant formula
has been linked to cases of illness, and this bacterium
doesn’t usually cause illness in otherwise healthy
people. Following basic food-safety tips can help
prevent infections, and the information about infant-
formula, below, also provides important tips.

Follow the directions on infant-formula labels carefully.
Use liquid heated to 158°F to 194°F. (Don’t use a
microwave, because the top of the liquid might feel
warm, but other parts might be too hot). With the
formula in the bottle, run the lower part of the bottle
under cold water or put it in an ice bath to cool it
quickly, so it doesn’t have to sit at room temperature.
Dry off the wet part, but not the top (which should not
have gotten wet). Another choice: the liquid formula in
stores is required to be sold to you already sterilized by
the manufacturer. After infant formula has been
prepared, it can be stored in the refrigerator, at 40°F or
below, for up to 24 hours, but not more than 2 hours at
room temperature. Take formula out of the refrigerator
and rewarm it only if you plan to use it immediately.
Don’t rewarm it for more than 15 minutes, and throw
away any that isn’t used within 2 hours. All through this
process, use good hygiene, like handwashing. It’s also
important to clean and sanitize sinks and counter tops
where formula is prepared. Reusable bottles and bottle
nipples should be cleaned with soap and water and can
be sanitized by boiling in water for a few minutes.

Three subspecies of dublinensis sp. nov. have been proposed, which include Cronobacter
dublinensis subsp. dublinensis subsp. nov., Cronobacter dublinensis subsp. lausannensis subsp.
nov., and Cronobacter dublinensis subsp. lactaridi subsp. nov.
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2. Disease

e Mortality: The infection usually has a very high case-fatality rate, which ranges from
10% to 80%. Newborn infants are particularly at risk; infants older than 6 months rarely
are affected. Higher case-fatality rates are often associated with premature or low-
birthweight infants. In recent years, the highest mortality has been in healthy term infants
who developed septicemia.

e Infective dose: The infective dose has not been determined, but scientists have
speculated that a reasonable estimate might be similar to that of Escherichia coli
0157:H7 (that is, low; e.g., 10 to 100 organisms).

e Onset: Symptoms occur in infants within a few days. The onset in adults is unknown, as
cases in adults have been rare and the food sources usually have not been determined.

e lllness / complications: Cronobacter can cause bloodstream and central nervous system
infections. The organism also has been associated with sepsis, meningitis, and necrotizing
enterocolitis, although it has not been firmly established as a causative agent. Meningitis
survivors may develop severe neurologic complications.

e Symptoms: Symptoms are often severe and may include poor feeding response,
irritability, jaundice, grunting respirations, instability of body temperature, seizures, brain
abscess, hydrocephalus, and developmental delay.

e Duration of symptoms: Among survivors, colonization varies from 2 to 8 weeks.
Among fatalities, death may occur within a few hours to several days after the first signs
of sepsis appear.

e Route of entry: Most infections are caused by oral entry, although rare cases of wound
infection also have been reported.

e Pathway: The pathogenesis of Cronobacter-induced neonatal meningitis and
enterocolitis is not fully understood. The organism appears to adhere to host cell surfaces
instantaneously, then reproduce to an optimal concentration. The adhesion of
Cronobacter to epithelial cells is mainly non-fimbriae-based, and other, unidentified
virulence factors also might contribute to the binding.

3. Frequency

Relatively few cases of Cronobacter infection have been documented, and the organism has
rarely been isolated from food products and clinical samples. Since 1958, there have been 120
reported cases of Cronobacter infection in infants, with an average of fewer than five reported
cases, per year, worldwide. Some epidemiologic studies suggest a Cronobacter infection rate of
less than 1% among patients with suspected symptoms. However, this does not take into account
potential false-negative identifications.
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4, Sources

Cronobacter infections in infants often have been associated with contaminated powdered infant
formula products. Cronobacter has been isolated from powdered infant formula, rehydrated
infant formula, and utensils used to prepare infant formula.

Powdered infant formula is not sterile, and its nutrients provide good conditions for the growth
of Cronobacter after reconstitution. It has an a,, of ca. 0.2. Cronobacter is able to survive such
dry conditions. Survival of Cronobacter in powdered infant formula for up to 2 years has been
reported. The capsule formation of Cronobacter may contribute to its strong desiccation
resistance. Because Cronobacter does not survive pasteurization used in powdered milk
production, it has been suggested that Cronobacter contamination happens mainly following the
spraying dry step. This could be due to either a contaminated post-drying environment or
addition of ingredients that are heat-sensitive, but are added after pasteurization treatment.

Some early surveys reported a 10% to 15% contamination rate of Cronobacter in infant formula
products, with less than 1 CFU/ 25 g in all samples. Some recent surveys isolated Cronobacter
from 2% to 10% infant formulas, dried infant foods, milk powders, cheese products, and other
dried foods.

Foods other than infant formula rarely have been associated with Cronobacter. However, it has
been isolated from bread, cereal, rice, fruit, vegetables, legume products, herbs, spices, milk,
cheese, meat, and fish. It has also been isolated from the environment of these foods’ processing
facilities.

5. Diagnosis

Identification of culture isolated from tissue, blood, cerebrospinal fluid, or urine aspirated
through the bladder wall is necessary for diagnosis of Cronobacter-associated diseases.

6. Target Populations

Cronobacter infections often are associated with newborns and infants. Neonatal infections may
result from contact with Cronobacter in the birth canal or through post-birth environmental
sources. Immunosuppression, premature birth, and low birth weight may increase the risk of
infection.

Approximately 50% of the children infected with Cronobacter are younger than 1 week old, and
75% of the children infected are younger than 1 month old. Adults are considered a low-risk
group; however, a few cases of Cronobacter infections in immunocompromised and elderly
adults also have been reported.

7. Food Analysis
In 2002, FDA devised a method for the detection of Cronobacter in powdered infant formula,
which involved enrichment in water and Enterobacteriaceae enrichment broth, and plating on

violet red bile glucose agar and Trypticase Soy Agar. However, this method is time-consuming,
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and evidence showed that it offered poor selectivity for Cronobacter in the presence of
competing background flora. Recently, FDA completed the validation of a new method for the
detection of Cronobacter in powdered infant formula, which uses real-time PCR technology to
significantly improve the performance of the detection.

8. Examples of Outbreaks

Memphis, Tennessee, 1988 — An outbreak of Cronobacter-induced septicemia and meningitis
was associated with powdered infant formula contaminated with Cronobacter. Four neonates
were involved in the outbreak, and a blender was suggested as the possible contamination source.
All isolates from the infant formula and the infants had the same plasmid profile and multilocus
enzyme profile.

Knoxville, Tennessee, 2001 — An outbreak of Cronobacter infections was linked to a powdered
infant formula specific for individuals with special nutritional needs and malabsorption
problems. Ten infants tested positive for Cronobacter, and one died following antibiotic
treatment.

New Mexico, 2009 — An outbreak of Cronobacter infections involved two unrelated infants. No
other common exposures other than infant formula were identified for the two infants, who were
fed the same brand. However, Cronobacter culture isolated from clinical samples demonstrated
different pulsed-field gel electrophoresis (PFGE) patterns. A sample from an opened can of
powdered infant formula tested positive for Cronobacter, with a PFGE pattern that was
indistinguishable from the clinical isolate from one infant.

9. Resources

e NCBI taxonomy database

e World Health Organization report from meeting on C. sakazakii and Salmonella in infant
formula (Microbiological Risk Assessment Series 10).
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Aeromonas species
1. Organism

Aeromonas hydrophila is a Gram-negative,
facultative anaerobic, rod-shaped bacterium that
belongs to the genus Aeromonas and is ubiquitous
in all freshwater environments and in brackish
water. Some strains of A. hydrophila are capable
of causing gastroenteritis and other infections in
humans. Aeromonads also can cause illness in
fish, amphibians, and domestic animals, and are
listed on the Contaminant Candidate List by the
Environmental Protection Agency (EPA). Some
Aeromonas species can cause human infections,
particularly in immunocompromised people.

Other Aeromonas infections in humans are
attributed to A. caviae and A. veronii biovar
sobria, A. jandaei, A. veronii biovar veronii, A.
schubertii, and A. trota. It is believed that disease-
causing strains are only a fraction of the diversity
of strains present in the environment. However, it
is difficult to identify disease-causing strains of
Aeromonas at this time, because of a paucity of
scientific information about Aeromonas virulence
genes and associated pathogenic mechanisms
(although some molecular-based methods do
selectively target certain virulence genes).

The entire genome of A. hydrophila has been
sequenced and was reported in 2006. Several

For Consumers: A Snapshot

This bacterium can cause different forms of
illness. It’s thought that people can get
diarrhea from eating or drinking food or water
contaminated with the bacterium, although
this isn’t believed to be common. In otherwise
healthy people, the diarrhea usually is watery
and goes away by itself in a few days. In some
people, this form of the illness may become
more severe, with worse diarrhea that may
contain blood and mucus and may last for
weeks. People with weak immune systems are
especially at risk of getting the more severe
type and of having the infection spread to
other parts of the body. Those people,
especially, and anyone who has diarrhea for
long periods, should get treatment from a
health professional. In the environment, the
bacterium lives in freshwater and somewhat
salty water. It has been found often in fish and
shellfish, but also has been found in meats and
various kinds of produce. Follow basic food-
safety tips, which include thorough washing of
fruits and vegetables and thorough cooking of
meats and fish, to help protect yourself from
the foodborne form of the illness caused by
this bacterium. (Another form of the iliness
isn’t caused by eating contaminated food or
water, but by infection of an open wound — for
example, from swimming. That form of the
illness can be very serious, but isn’t covered in
this chapter, since this book is about illnesses
from eating or drinking contaminated food .

laboratories are exploring specific genetic loci for potential virulence factors.

2. Disease

e Mortality: For gastroenteritis, the mortality rate is not known. The mortality rate for
septicemia caused by Aeromonas may be 33% or higher. (Infections that were not
foodborne — skin or soft tissue infections caused by Aeromonas, particularly in
immunocompromised people with conditions such as liver disease or malignancy — can

result in mortality rates of 60% to 75%.)

e Infective dose: The infective dose of this organism is unknown, but SCUBA divers who

have ingested small amounts of water have become ill, and A. hydrophila has been

isolated from their stools. Although the organism possesses several virulence factors that

could cause human illness, volunteer feeding studies using healthy adults and high
concentrations of organism (10* to 10%° cells) have failed to elicit human illness.
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However, an outbreak associated with shrimp salad contaminated with A. hydrophila, at
approximately 10’ cfu/gm of food, has been reported.

Onset: The incubation period associated with gastroenteritis is unknown (as strong
challenge studies of volunteers and an animal model are lacking), although the onset of
diarrhea appears to be greater than 24 hours.

IlIness / complications: The link between A. hydrophila and human gastroenteritis has
not yet been firmly established. The link between the pathogen and disease in humans is
based mostly on epidemiologic data.

Clinically, different types of gastroenteritis are associated with A. hydrophila, including
mild diarrhea to a Shigella-like dysenteric illness characterized by loose stools containing
blood and mucus, and colitis. In people with weak or impaired immune systems, diarrhea
can be chronic and severe. Rarely, the dysentery-like syndrome is severe.

In people with impaired immune systems, A. hydrophila may spread throughout the body
and cause systemic infections. Examples of those at risk include people with cirrhosis or
various kinds of cancer and those treated with immunosuppressive drugs or who are
undergoing cancer chemotherapy. A. caviae and A. veronii biovar sobria also may cause
enteritis and, in immunocompromised people or those with malignancies, septicemia.
Along with A. hydrophila, these bacteria account for the majority of human clinical
isolates of Aeromonas.

Aside from foodborne infections, Aeromonas spp. are well documented as causative
agents of wound infection, usually linked to water-related injuries or aquatic recreational
activities.

Symptoms: Range from mild diarrhea to dysentery-like symptoms, including blood and
mucus in the stool, to symptoms of septicemia.

Duration: The gastroenteritis associated with the milder form of the disease is usually
self-limiting, with watery diarrhea present for a few days to a few weeks. However,
people with the severe dysentery-like syndrome may have symptoms for several weeks.

Route of entry: The foodborne form of the illness results from ingestion of a sufficient
number of the organisms in foods (from animal origin, seafood, or produce) or water. (As
noted, infection resulting not from ingestion, but from open wounds, may lead to tissue
infections and septicemia.)

Pathway: Illness is thought to be caused by toxins (aerolysin) and other virulence
factors produced by aeromonads.

3. Frequency

The relative frequency of A. hydrophila disease in the United States is unknown, since efforts to
ascertain its true incidence have only recently been attempted. Most cases have been sporadic,
rather than associated with large outbreaks.
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4, Sources

A. hydrophila frequently has been found in fish and shellfish. It has also been found in market
samples of meats (beef, pork, lamb, and poultry) and produce.

5. Diagnosis

A. hydrophila can be cultured from stools or from blood by plating the organisms on an agar
medium containing sheep blood and the antibiotic ampicillin. Ampicillin prevents the growth of
most competing microorganisms. The species identification is confirmed by a series of
biochemical tests. The ability of the organism to produce the enterotoxins believed to cause the
gastrointestinal symptoms can be confirmed by tissue-culture assays.

6. Target Populations

All people are believed to be susceptible to gastroenteritis from Aeromonas, although it is most
frequently observed in very young children. People with impaired immune systems or underlying
malignancy are susceptible to the more severe or systemic infections.

7. Food Analysis

A. hydrophila can be recovered from most foods by direct plating onto a solid medium
containing starch as the sole carbohydrate source and supplemented with antibiotics, such as
ampicillin, to reduce the growth of most competing microorganisms. PCR-based assays have
been developed to detect pathogenic A. hydrophila and differentiate non-pathogenic strains from
pathogenic isolates.

8. Examples of Outbreaks

For more information on recent outbreaks, see the Morbidity and Mortality Weekly Report from
the Centers for Disease Control and Prevention.

9. Other Resources

e Loci index for genome Aeromonas hydrophila

e GenBank Taxonomy database

e A recent review of Aeromonas infections is available in a paper by Janda and Abbott,
2010: The Genus Aeromonas: Taxonomy, Pathogenicity, and Infection. Clinical
Microbiological Reviews. Volume 23. Pages 35-73.

e The EPA provides information about waterborne Aeromonas and the Unregulated
Contaminant Monitoring Program.

EPA Office of Water, March 2006. Aeromonas: Human Health Criteria Document.
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Plesiomonas shigelloides
1. Organism

Plesiomonas shigelloides is a Gram-negative, motile,
non-sporulating, oxidase-positive, rod-shaped
bacterium that has been found in many aquatic
ecosystems. This bacterium has been isolated from
freshwater (ponds, streams, rivers), estuarine water,
and marine environments. The pathogen has been
isolated from warm-blooded and cold-blooded
animals, including freshwater fish and shellfish, and
from many types of animals, including cattle, goats,
swine, cats, dogs, monkeys, vultures, snakes, and
toads. P. shigelloides is not considered a commensal
organism found in humans.

The ingested P. shigelloides organism does not always
cause illness in the host animal, but may reside
temporarily as a transient, noninfectious member of
the intestinal flora. It has been isolated from the stools
of patients with diarrhea, but is also sometimes
isolated from healthy individuals (0.2% to 3.2% of the
population).

Under laboratory conditions, P. shigelloides is able to
grow at temperatures between 8°C and 45°C, with an
optimal range from 25°C to 35°C. Growth is reduced
in low temperatures (less than 10°C), pH less than 4.5,
and in salt (NaCl) above 5%. P. shigelloides cells are
killed by pasteurization.

2. Disease

This pathogen has been associated with human
diarrheal diseases, but the number of cases that directly

link P. shigelloides as a definite cause of human disease from ingestion of contaminated foods is

For Consumers: A Snapshot

This bacterium is found in freshwater
(rivers, streams, and ponds, for example)
and water used for recreation. It can
cause illness through unsanitary drinking
water, contaminated seafood, and fruits
and vegetables contaminated by
unsanitary water. It takes a lot of these
bacteria to cause an illness. When it does
occur, the illness starts in about a day or
two, and most otherwise healthy people
have mild, watery diarrhea and get
better in as little as one day or within
about a week. Other symptoms may
occur, such as chills, fever, cramps, and
vomiting. In more severe cases, the
diarrhea may last as long as 3 weeks and
may be greenish-yellow, foamy, and a
little bit bloody, and may contain mucus.
Severe cramps and vomiting may occur,
and a person may lose a lot of body fluid
(become dehydrated), which needs to be
replaced, along with certain minerals.
Those people, especially, should see a
health professional, to get treatment.
Elderly and very young people and
people with other, serious medical
conditions or weak immune systems are
more at risk of getting this illness than
are others. In very severe cases, it’s
possible that the infection could spread
to other parts of the body, including the
brain. To help protect yourself from this
illness, don’t use unsanitary water for
drinking, washing foods, or anything else;
cook your seafood well; wash your fruits
and vegetables in running water — follow

basic food-safety tips.

quite low. There have been several putative virulence factors identified in this pathogen, but
solid data to relate their functions to pathogenesis have not been firmly established.
P. shigelloides may be considered a low-potential pathogen.

e Mortality: Not very common, although one fatality of a newborn has been reported.

e Infective dose: The infective dose is presumed to be quite high; at least greater than

1 million organisms.

e Onset: Symptoms may begin 20 to 50 hours after consumption of contaminated food or

water.
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e lllness / complications: P. shigelloides gastroenteritis usually is a mild, self-limiting
infection, although a more severe, dysenteric form of gastroenteritis may occur. Infected
people may also exhibit other symptoms, such as severe abdominal pain, cramping,
nausea, vomiting, low-grade fever, chills, headache, and some dehydration.

There is a paucity of reports on extra-intestinal diseases caused by P. shigelloides, but the
organism has been shown to be responsible for septicemia, bacteremia, meningitis, septic
arthritis, osteomyelitis, peritonitis, cellulitis, and pneumonia. Extraintestinal
complications, regardless of the organism’s portal of entry (e.g., open wounds), may
occur more frequently in people who are immunocompromised or seriously ill with
cancer, blood disorders, or hepatobiliary disease. Neonates with meningitis most likely
were infected by vertical transmission; mortality rate approaches 80%. Septicemia is
more commonly found in adults.

e Symptoms: Symptoms may include fever, chills, abdominal pain, nausea, diarrhea,
and/or vomiting. Diarrhea is watery, non-mucoid, and non-bloody. In severe cases, it may
be greenish-yellow, foamy, and blood-tinged, and may contain mucus and
polymorphonuclear leukocytes, and some patients experience severe abdominal cramps,
vomiting, and some level of dehydration.

e Duration: Generally about 1 to 7 days, but diarrhea can last as long as 21 days.

e Route of entry: Oral; ingestion of contaminated water or foods causes the foodborne
illness (vs. infection of open wounds).

e Pathway: The pathogen has several putative virulence factors, but the exact role of these
proteins has not been elucidated. P. shigelloides synthesize toxins, including heat-stable
toxins, heat-stable and heat-labile enterotoxin, cholerae-like toxins, hemolysin,
cytotoxins, and iron sequestration in host cells. Other reported factors that indicate
pathogenicity potential include cell adhesion, cell invasiveness, and apoptotic Caco-2 cell
death. A direct link between these virulence factors, combined with the paucity of
epidemiologic data, reflect the current debate about the true pathogenic potential of
P. shigelloides.

3. Frequency

The rate of P. shigelloides infection in the United States is unknown. Gastrointestinal

P. shigelloides illness in healthy people may be so mild that they do not seek medical treatment.
Most P. shigelloides strains associated with human gastrointestinal disease have been from stools
of diarrheic patients living in tropical and subtropical areas. Such infections are rarely reported in
the U.S. or Europe because of the self-limiting nature of the disease. Most cases reported in the
U.S. involve the elderly and very young and people who have pre-existing health problems, such
as cancer or sickle-cell anemia, or are immunocompromised.
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4, Sources

Most human P. shigelloides infections are suspected to be waterborne, occur in the summer
months, and correlate with environmental contamination of freshwater (e.g., rivers, streams,
ponds). The organism may be present in unsanitary water that has been used as drinking water or
recreational water, or water used to rinse foods that are consumed without cooking or heating.
The usual route of transmission of the organism in sporadic or epidemic cases is by ingestion of
contaminated water, raw shellfish, or improperly cooked or raw foods. Additional aquatic
sources include crabs, fish, and oysters.

5. Diagnosis

The pathogenesis of P. shigelloides infection is not known. The organism is suspected of being
toxigenic and invasive. Its significance as an enteric (intestinal) pathogen is presumed because of
its predominant isolation from stools of patients with diarrhea. It is identified by common
bacteriological analysis, serotyping, and antibiotic sensitivity testing.

6. Target Populations

Anyone is susceptible to infection. Infants, children, and chronically ill people are more likely to
experience protracted illness and complications. The pathogen also is associated with traveler’s
diarrhea.

7. Food Analysis

P. shigelloides may be recovered from food and water by methods similar to those used for stool
analysis. The keys to recovery, in all cases, are selective agars that enhance the survival and
growth of these bacteria over the growth of the background microflora. Suitable media to isolate
P. shigelloides from foods include xylose-sodium deoxycholate-citrate, inositol-brilliant green,
and Plesiomonas agars. Identification following recovery may be completed in 12 to 24 hours.
PCR-based assays that have been reported in the literature can specifically detect P. shigelloides;
genetic targets include the 23S rRNA gene and the hugA gene.

8. Examples of Outbreaks

For information about recent outbreaks, see the Centers for Disease Control and Prevention’s
Morbidity and Mortality Weekly Reports for information about Plesiomonas outbreaks.

9. Other Resources

e Loci index for genome Plesiomonas shigelloides

e Additional information on Plesiomonas shigelloides can be found in Folia
Microbiologica.

e GenBank Taxonomy database
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Miscellaneous Bacterial Enterics
1. Organisms

Miscellaneous enterics. Gram-negative genera,
including Klebsiella, Enterobacter, Proteus,
Citrobacter, Aerobacter, Providencia, Serratia.

These rod-shaped enteric bacteria have been
suspected of causing acute and chronic
gastrointestinal disease. The organisms may be
recovered from natural environments, such as
forests and freshwater, and from farm produce,
where they reside as normal microflora. They
also may be recovered from stools of healthy
people with no disease symptoms.

The relative proportion of pathogenic to
nonpathogenic strains is unknown. Some of
these bacteria are associated with food spoilage,
such as Klebsiella oxytoca; Serratia
marcescens; Aeromonas; Proteus; Pantoea;
previously, Enterobacter agglomerans; and
Citrobacter freundii.

For Consumers: A Snapshot

These bacteria are often found in healthy people
and often don’t cause illness if they contaminate
food and are eaten — but sometimes they do,
although it’s not completely clear how or why.
Some reasons may be that bacteria have
variations in their genes, and, for the most part,
their genes often undergo changes. Those
changes sometimes affect whether or not the
bacteria can cause illness and the severity of the
illness. Whether or not they cause iliness also
may depend on the people who eat them — their
health, their own genetic make-up, and/or how
much of the bacteria they eat. The illness these
bacteria are thought to sometimes cause if they
contaminate food is gastroenteritis — watery
diarrhea and other symptoms that may include
nausea, vomiting, cramps, pain, fever, and chills.
Children in countries with poor sanitation are
thought to get sick from these bacteria more
often than do other people. Always following
basic food-safety tips can help protect you from
getting sick from these and other bacteria and
viruses that can contaminate food.

Klebsiella species are ubiquitous in nature and commonly are in water and food. In regard to
foods, Klebsiella pneumoniae may be considered as an enteropathogen, since this organism
produces heat-stable and heat-labile (HT and ST) enterotoxins and has been associated with a

few foodborne cases, usually associated with the presence of very high numbers of the pathogen.

In some cases, colonization of the gastrointestinal tract is the initial stage for a systemic
infection. Klebsiella also can be found in unpasteurized milk.

Proteus are more commonly sources of urinary tract and wound infections and of meningitis in
neonates and infants than of gastroenteritis. They are a source of nosocomial infections. With
regard to foods, Proteus can metabolize amino acids found in meats to produce compounds that
can cause putrefaction. In fish, such as tuna, Proteus is considered a histamine-producing
microbe and under such circumstances can generate scombroid poisoning.

Serratia species are not members of the bacterial populations found in the human intestinal tract,

unlike Klebsiella species. Serratia are opportunistic pathogens and commonly are found to be
sources of nosocomial infections. Antibiotic-resistant strains, particularly in
immunocompromised patients, present a challenge to treatment.

Enterobacter species can be found in many environments, such as water, soil, sewage, and
vegetables. Enterobacter sakazakii has been associated with powdered infant formula and has
been linked to meningitis and necrotizing enterocolitis, and can cause death. Enterobacter
sakazakii has been moved to the genus Cronobacter and is described in a separate chapter.
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Enterobacter cloacae and Enterobacter aerogenes are opportunistic pathogens widely
distributed in nature and have been found in dairy products, vegetables, spices, and meats.

Citrobacter freundii is another opportunistic pathogen, but also is a resident of the human
gastrointestinal tract. This pathogen can be isolated from various types of foods, including meats,
spices, and freshwater fish. Some foodborne outbreaks have been linked to enterotoxigenic

C. freundii; patients typically exhibit diarrhea. This pathogen may also produce a Shiga-like
toxin and produce hemolytic uremic syndrome.

Providencia species usually are associated with infections of the urinary tract, but they also can
colonize the gastrointestinal tract.

2. Disease

e Mortality: Unknown; see last sentence of Iliness / complications section, below.
e Infective dose: Unknown

e Onset: Acute gastroenteritis may begin within 12 to 24 hours of ingesting the
contaminated food or water.

e lllness / complications: These genera are thought to occasionally and sporadically cause
acute or chronic gastroenteritis. As with other pathogens, people are asymptomatic in
some cases and may be considered carriers. Malnourished children (1 to 4 years old) and
infants with chronic diarrhea develop structural and functional abnormalities of their
intestinal tracts, resulting in loss of ability to absorb nutrients. Death is not uncommon in
these children and results indirectly from the chronic toxigenic effects that produce the
malabsorption and malnutrition.

e Symptoms: Acute gastroenteritis may include vomiting, nausea, fever, chills, abdominal
pain, and watery (dehydrating) diarrhea. Chronic diarrheal disease is characterized by
dysenteric symptoms: foul-smelling, mucus-containing, diarrheic stool, with flatulence
and abdominal distention. The chronic disease may continue for months and require
antibiotic treatment.

e Duration: Otherwise healthy people typically recover quickly and without treatment
from the acute form of gastrointestinal disease.

e Route of entry: Oral.

e Pathway: Both the acute and chronic forms of these illnesses are suspected to result
from the elaboration of enterotoxins. These organisms may become transiently virulent
by gaining mobilizeable genetic elements from other pathogens. For example, pathogenic
Citrobacter freundii that elaborates a toxin identical to E. coli heat-stable toxin has been
isolated from the stools of ill children.
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3. Frequency

These pathogens are not reportable to the Centers for Disease Control and Prevention (CDC);
thus, the frequency with which they cause illness is not known. For some of the pathogens in this
chapter, no strong link to foodborne illness has been made; for example, to Proteus.

4. Sources

These bacteria have been recovered from dairy products, raw shellfish, and fresh, raw
vegetables. Some of these organisms also occur in soils used for crop production and waters in
which shellfish are harvested and, therefore, may pose a health hazard.

5. Diagnosis

Recovery and identification methods for these organisms from food, water, or diarrheal
specimens are based on the efficacy of selective media and results of microbiologic and
biochemical assays. The organism’s ability to produce enterotoxin(s) may be determined by
PCR-based assays.

6. Target Populations

All people may be susceptible to pathogenic forms of these bacteria. Acute gastrointestinal
illness may occur more frequently in undeveloped areas of the world. The chronic illness is
common in malnourished children living in unsanitary conditions in tropical countries.
Protracted illness is more commonly experienced by the very young.

Immunocompromised people may be more susceptible to illness from these pathogens than are
immunocompetent people, but that may also depend on the bacterial strain (how virulent it is)
and how much of it is consumed.

7. Food Analysis

These strains are recovered by standard selective and differential isolation procedures for enteric
bacteria. Biochemical and in vitro assays may be used to determine species and pathogenic
potential. These human pathogens are very minor etiologic agents of foodborne diseases, and
they may easily be overlooked by a food microbiology laboratory.

8. Examples of Outbreaks

Klebsiella isolated from contaminated hamburger.

9. Other Resources

Loci index for genome Klebsiella spp.

Enterobacter spp.
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Proteus spp.

Citrobacter spp.

Providencia spp.

Serratia spp.
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Francisella tularensis
1. Organism

Francisella tularensis is a Gram-negative, non-
motile, non-sporulating coccobacillus that can
cause severe, life-threatening illness in humans. It is
a facultative intracellular bacterium (i.e., it is
capable of growth in both microbiological media
and in eukaryotic host cells). Classification of

F. tularensis consists of four closely associated
subspecies: tularensis (also called Type A),
holarctica (also called Type B), novicida, and
mediasiatica.

F. tularensis is a fastidious, slow-growing
bacterium that requires extended periods of time
and enriched media for propagation. Nevertheless,
it is resilient and can live for months in soil,
vegetation, and water, which can act as a source of
contamination and infection for animals and
humans. F. tularensis has been shown to remain
viable in specific foods and water for long periods
and can survive the acidic environment of the
stomach. However, it is less tolerant to high
temperatures than are other, more traditional enteric
bacterial pathogens.

2. Disease

Infection with F. tularensis causes the disease
tularemia. Idiomatic names have included rabbit
fever, deerfly fever, hare fever, and lemming fever.
The illness is contracted via the bite of an infected
arthropod (insect), handling of contaminated animal
products, inhalation of contaminated aerosols, and
ingestion of tainted food (including animals and
milk) or water. The illness is treatable, particularly
in the early stages, with antibiotics to which the
organism is sensitive.

e Mortality: Mortality rates from infection

For Consumers: A Snapshot

The bacterium Francisella tularensis
causes a disease called tularemia
(nicknamed “rabbit fever”). Tularemia can
take different forms, depending on how
the bacterium enters the body. If it enters
through the mouth when a person eats or
drinks contaminated food or water, it can
cause tularemia that affects the throat or
intestines, although this is an uncommon
form of the disease. Symptoms of this type
range from mild to severe in otherwise
healthy people, and it rarely causes death.
In the more serious cases, untreated
throat infection may spread to vital organs
(such as the lungs, brain, or liver), and may
cause extensive bowel damage, with
bleeding and infection of the bloodstream,
especially in people with weak immune
systems. People can develop tularemia of
the throat or intestines by eating
undercooked meat from an infected
animal (particularly rabbits) or drinking
contaminated water. Eating food or
drinking water contaminated by animal
waste, such as rodent droppings, also can
cause this form of tularemia and many
other diseases. Cooking food well is one
of the safety tips that can help protect you
from getting this form of tularemia,
especially if you eat the kind of wild
animals known to be carriers, such as
rabbits. Other forms of tularemia can
come from inhaling the bacterium; from
the bite of certain insects, including some
kinds of ticks; and from an open wound
that comes into contact with an infected
animal. Inhaling the bacterium is of
particular concern, because it could lead
to very serious infection in the lungs. For
any form of tularemia, getting immediate
medical help is very important, to get the
right kind of antibiotics to keep the
infection from progressing.

are determined largely by the virulence of the subspecies involved and the type of

tularemia contracted. Tularemia obtained from ingestion of contaminated food or water
(oropharyngeal and gastrointestinal tularemia) are not typically associated with a high
fatality rate; however, oropharyngeal tularemia can progress to the more fulminant
secondary pneumonic tularemia from bacteremic spread to the lungs, resulting in a high
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rate of mortality. In addition, severe gastrointestinal tularemia can result in extensive
bowel ulceration, leading to a fatal outcome. Typhoidal tularemia produced from F.
tularensis subspecies tularensis (i.e., F. tularensis Type A) infection can carry a fatality
rate as high as 60% in untreated cases, whereas the most common type of tularemia
(ulceroglandular tularemia) displays a fatality rate of less than 3%.

Infective dose: As few as 10 organisms are known to be sufficient to initiate disease via
inhalation of the organism, making this bacterium one of the most infectious
microorganisms known. Larger doses of bacteria, however (approximately 1 million to
10 million), are required to initiate infection through ingestion.

Onset of symptoms generally appears after an incubation period of 3 to 6 days. However,
symptoms can emerge within a day or as long as a few weeks, depending on the initial
dose, route of exposure, and virulence of the infecting strain.

IlIness / complications: Subspecies tularensis (i.e., subspecies Type A) and subspecies
holarctica (Type B) cause the majority of human disease. Type A is the most virulent
subspecies and has the highest mortality rate. Type B causes a milder form of disease that
is rarely fatal. Subspecies mediasiatica also produces a less severe infection. Subspecies
novicida is primarily associated with disease in immunocompromised humans.

There are many forms of tularemia, including pulmonary, gastrointestinal, oropharyngeal,
typhoidal, oculoglandular, and ulceroglandular. The type of tularemia contracted by
humans depends largely on the infecting strain, dose, and route of inoculation.

Oropharyngeal tularemia can develop when ingested bacteria colonize the throat, leading
to symptoms that include exudative pharyngitis and necrotic cervical adenopathy.
Ingested bacteria can also colonize the intestines, resulting in gastrointestinal tularemia,
with symptoms ranging from mild diarrhea to severe bowel damage.

However, the most common form of tularemia is the ulceroglandular type, contracted
from the bite of an infected insect (tick, deerfly) or from handling contaminated
materials. A sudden onset of chills, fever, and headaches occurs after 3 to 6 days of
exposure, with an ulcer appearing at the site of entry. Bacteria can enter the lymphatics
and reside in regional lymph nodes, leading to their enlargement. Subsequent dispersal to
other organs, including the liver, spleen, lungs, kidneys, and central nervous system, can
occur.

The most acute, deadly form of the disease results when contaminated aerosols are
inhaled, leading to pulmonary tularemia. This results in a high mortality rate among
untreated cases.

Most forms of tularemia can develop into the more severe pulmonary form of the disease,
if the bacteria spread to the lungs. In addition, bacterial meningitis can occur if the
bacterium attains access to the cerebral and spinal meninges, which can lead to
permanent brain damage and death. Similarly, bacterial spread to the pericardium and
bones can result in debilitating pericarditis and osteomyelitis, respectively.

Symptoms: See above.
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e Duration: Symptoms and their duration vary according to the type of tularemia
contracted and the virulence of the strain.

e Route of entry: Oral, inhalation, insect bite, or direct contact with contaminated objects.

e Pathway: F. tularensis infection and disease symptoms are promoted by the organism’s
ability to invade, survive, and multiply within various host cells, particularly
macrophages. The intracellular bacterium utilizes a unique mechanism to cripple the
macrophages’ ability to digest and eliminate the bacterium, thus allowing for further
replication and initiation of infection.

3. Frequency

Reported tularemia cases by year, United States, 1950-2006
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Oropharyngeal and gastrointestinal tularemia are extremely rare in the United States and occur
primarily in Europe. The incidence of tularemia worldwide is unknown. However, outbreaks
have been reported in many countries, including Sweden, Japan, Spain, Kosovo, Turkey, and the
U.S. Reported cases of the disease in the U.S. have steadily decreased during the 20™ century.
However, the true frequency may be much higher, given that many of the illnesses may go
undiagnosed, due to the relatively mild symptoms elicited from some of the less virulent strains.
The incidence of foodborne tularemia in the U.S. is unknown.

4. Sources
Among foods, milk and undercooked meats from infected animals (particularly rabbits and
hares) have been implicated as vehicles for the transmission of F. tularensis. However, outbreaks

often occur from consumption of food contaminated with infected rodent droppings and water
contaminated with infected animal carcasses.
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5. Diagnosis

Real-time PCR, direct fluorescent antibody (DFA), and ELISA-based techniques have been used
for presumptive identification from clinical samples. However, confirmatory detection requires
culturing of the organism on enriched media. Unfortunately, F. tularensis is a slow-growing
organism on media and can take several days for visible growth to appear. Moreover,

F. tularensis is often outcompeted for growth by other, faster-growing background microbial
flora that are often present on environmental and food samples.

6. Target Populations

All age groups are susceptible to tularemia.

Reported tularemia cases by age and sex, United States, 2001-2010
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7. Food Analysis

Detection of F. tularensis by culture in food matrices is difficult, due to the slow-growing and
fastidious nature of the organism. A new method that selectively isolates and enriches

F. tularensis from select food matrices, using macrophage monolayers with subsequent
identification using real-time PCR, has recently been developed.
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8. Examples of Outbreaks

An outbreak of pulmonary tularemia occurred on Martha’s Vineyard, in the summer of 2000, and
involved 15 people. This was the second reported outbreak involving the pulmonary form of
tularemia in the U.S. As noted, oropharyngeal and gastrointestinal tularemia are rare in the U.S.
and occur primarily in Europe. One of the largest outbreaks of oropharyngeal tularemia occurred
from 1999 to 2000, in Kosovo, where a total of 327 serologically confirmed cases were
observed. In a 1998 — 2003 outbreak, in Bulgaria, 235 confirmed cases of oropharyngeal
tularemia were detected.

For more information about recent outbreaks see Morbidity and Mortality Reports from CDC.

9. Other Resources

e The CDC provides in