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clears the gastrointestinal tract). The best treatment
is supportive, which usually means fluids; intra-
venous fluids are given if severe vomiting prevents
ingestion.

Bacillus cereus

Bacillus species are aerobic, Gram-positive rods
that are ubiquitous in the environment. A stray
piece of soil might easily contaminate a food prod-
uct. These bacteria are spore formers and therefore
can survive cooking.

The illness is usually either nausea and vomit-
ing, or diarrhea. The microbe has two enterotoxins:
one is heat stable and induces vomiting, while the
other is heat labile and causes diarrhea. In either
case, the illness rarely lasts more than 24 hours
because the body expels the toxin quickly.

Hepatitis A Virus (HAV)

HAV is well known for its distribution in the water
supply, and it can be transferred to food when con-
taminated water is used to wash the food. HAV(TS
also passed through shellfish, which, as filter fe
ers, can accumulate the virus in their tissues. Cook-
ing kills the virus, but consumption of raw shellfish
puts the consumer at risk. One of the biggest out-
break risks is handling of food by restaurant work-
ers who have the illness, especially an infected
warker who has poor personal hygiene and con-
taminates the food just before it is consumed.

The bad news is that this virus causes an illness
that can last from 2 weeks to 3 months Symptoms
are typical for hepatitis: fever, malaise, abdominal
discomfort, and nausea. The good news is that the
illness is usually self-limiting, and most people
recover without complication. Fatality is rare, prob-
ably around 0.1%. Exposure to HAV by the general
population is surprisingly high, with some reports
that 33% of the population is seropositive for HAV.
A vaccine for HAV is now in use and appears to be
very effective,

Ascaris lumbricoides

Ascaris lumbricoides is the largest nematode (round-
worm) capable of parasitizing the human intestine.
Adults can grow to 30 cm in length. These infec-
lions are common in tropical and subtropical coun-
tries, but they are rare in the United States. They
can be acquired by consuming inadequately cooked

pork products or by bringing hands into contact
with the mouth after butchering an infected hog.
However, the more common pathway of infection
is through soil that has been contaminated with
feces. If a person brings contaminated hands to the
mouth, the Ascaris ova may be swallowed. These
ova are quite environmentally resistant. The best
defense against these parasites is the use of mod-
€rn sanitary practices for fecal material.

Trichuris trichiura

Trichuris trichiura is another intestinal parasite, also
known as the whipworm. Much shorter than the
roundworm, with a maximum length of 50 mil-
limeters, it has much in common with the round-
worm, such as environmentally resistant ova,
passage through contaminated soil, and defense
through sanitary handling of human waste. While
the roundworm causes a gradual wasting disease,
the whipworm causes colitis.

SELECTED CASE STUD

Cyclospora in the Wedding Cake

Two reports of a wedding made more memorable
by the presence of the parasite Cyclospora in the
food have been published (Ho et al., 2002; Murrow
et al., 2002). Typically, wedding guests come from
many places, congregate in one place for a time,
and then return home. The incubation period for
Cyclospora is about 7-10 days, so the symptoms
begin long after the wedding. One case (Murrow
et al., 2002) occurred in Georgia at a brunch for the
bridesmaids. Among the foods that were served
were fresh strawberries, blackberries, and raspber-
ries. While investigating the outbreak, the berries
came under scrutiny because Cyclospora has pre-
viously been associated with berries.

Of course, the food had long been discarded prior
to the investigation, and so no direct analyses were
possible. Epidemiological analyses of samples from
the people at the brunch were generally unhelpful
because most guests had eaten a wide variety of
foods and most became ill. Tracing the origin of the
berries only determined that the berries were from
farms in either Guatematla or Chile.

A similar outbreak occurred in Philadelphia (Ho
et al,, 2002). Guests at a wedding became ill with



long-lasting diarrhea, and the stool samples were
positive for Cyclospora. Investigators again sus-
pected berries as the vehicle for transmission; the
wedding cake had been made with a butter cream
filling and fresh raspberries.

In this case, the investigators were fortunate be-
cause the bride and groom had saved a portion of
the cake in their freezer, with the intention of con-
suming it on their first anniversary. Of course, cake
rarely lasts this long and is more safely consumed
after returning from the honeymoon, but the impor-
tant fact here is that the evidence was still avail-
able. The investigators acquired this cake and
extracted DNA from the raspberry filling. PCR analy-
sis demonstrated the presence of Cyclospora.

Tracing the origin of the berries in this case was
not entirely successful until the investigators in
Philadelphia conferred with those in Georgia. The
only common source was a farm in Guatemala.
However, an inspection of this farm by the FDA
revealed no obvious source of contamination.
Cyclospora can be difficult to isolate, and this type
of contamination can be transient.

VIRUSES IN IMPORTED CLAMS

Shellfish are filter feeders that pass seawater over a
specialized structure that captures particles of food.
This tends to bioconcentrate certain undesirable
substances, among them the viruses. In areas where
untreated wastewater has come into contact with
shellfish beds, the shellfish are no longer safe to eat.
Thorough cooking will destroy the pathogens, but
far too many people prefer to eat their shellfish raw
or undercocked,

In 2000, an outbreak of both HAV and Norovirus
occurred in New York after some clams were con-
sumed raw. These clams came from China, where
they were supposed to have been cooked and then
canned, but apparently the cooking step had been
omitted. China has an endemic HAV problem, and
it would not be unusual for their clams to be
contaminated.

As has been noted, when pathogen outbreaks
occur, several things have gone awry at once. In
this case, the clams should have been cooked but
were not. The clams were served at a restaurant,
and the chef there should have recognized that
these clams were uncooked; the diners should also
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have noted that their food was raw, but apparently
no one complained. These clams were also con-
taminated with Norovirus, and a coliform bacteria
count was extraordinarily high: 93,000 per 100 grams
of clam meat. Clearly, these clams came from a
heavily polluted body of water. RT-PCR demon-
strated the additional presence of HAV.

SICK AND IN JAIL

An outbreak of illness in a jail can be easily traced.
After all, exactly where all the sick people have
been and exactly what they have been eating are
known. An outbreak of gastroenteritis in 2008 in a
jail started with typical gastrointestinal complaints,
starting just 8 hours afler the previous evening'’s
meal. The problem was quickly traced to a casse-
fole that had been made with beef and turkey
(Hsieh et al., 2009). The pathogen in this case was
Clostridium perfringens; the enterotoxin from this
microbe was found in stool samples, The casserole
itself was highly contaminated, with 43,000 CFU per
gram appearing on agar plates.

The more important question for this case study
was how the microbe was transferred to the jail in
the first place. Although the ultimate source of con-
tamination remains unknown, the problem was
exacerbated by handling the casserole items as left-
overs. At improper storage temperatures, the bac-
teria may have multiplied significantly. Because
Clostridium is a spore-forming micrabe, initial cook-
ing may not have been sufficient to eliminate the
spores, and saving the leftovers allowed the spores
Lo germinate.

0157 IN A DEER

Hunting is a popular pastime, and hunters often
consume the game they kill. This meat has not been
inspected by the USDA, of course, but this is not
usually an issue. After all, humans have been hunt-
ing and eating their prey since prehistoric times. In
one instance, however, the presence of a pathogen
nearly proved tragic for the hunter's family.

In this case, a hunter in Connecticut shot a deer
using a rifle (Rabatsky-Ehr et al., 2002). It Is best to
hit the deer in the vital organs (especially the heart)
or in the head so that the deer dies quickly. In this
case, the deer was shot in the gut, rupturing the
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intestine, and the deer ran off. The hunter tracked
the wounded animal for 2 hours, finally finding it
dead. He field-dressed the carcass (i.e., split open
the belly and removed the organs) but did not wash
the interfor in the field (washing is preferred).
Unfortunately, the intestinal flora had contaminated
the meat, and this contamination included E. coli
0157, a particularly deadly pathogen.

Once at home, the hunter split the meat into
smaller portions and froze it. Venison that had been
ground into hamburger patties was soon used in a
family cookout. The hunter’s young son had one of
these hamburgers, grilled rare. The E. coli in the
interior of the patty was not killed by this level of
cooking, and the child soon developed bloody diar-
rhea. The Q157 serotype of E. coli is known to cause
HUS in young children, an illness that can easily be
fatal. Fortunately, the child recovered completely.
This case demonstrates that diseases associated
with domesticated animals can also be found in
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wild animals and that each hunter takes on a great
responsibility in killing, cleaning, and cooking a
harvested animal appropriately.

QUESTIONS FOR DISCUSSION

1. Why do you think some pathogens are identified
with a particular food, the way Salmonella is
associated with chicken?

2. Why is E. coli 0157 associated with ground beef
instead of regular cuts of beef?

3. How might food become contaminated in the
home? What are some basic safety measures
that everyone should follow?

4. Why is contamination at the production stage so
dangerous?

5. In the case study with the imported clams, HAV
was found using RT-PCR. Why was this method
used?
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