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Scenes like these have
become such a part of
everyday life that one

soon begins to wonder whether
starvation isn’t preferable.
Whether it is caused by a poor-
ly preserved jar of jam, a hotdog
that came in contact with raw
chicken, or a steak that is a
little too tartare, foodborne
illness is a serious health prob-
lem in the United States and
around the world.

According to a study pub-
lished in 1999 by the Centers for Disease Control and Prevention
(Atlanta), there were almost 14 million cases of foodborne illness
caused by known pathogenic microbes (bacteria, parasites, and
viruses) in the United States in 1997, and these illnesses caused
more than 60,000 hospitalizations and almost 2000 deaths (1).
Although ~70% of the reported illnesses were caused by food
contaminated with Norwalk-like viruses, almost half of the deaths
were the result of infection with Listeria monocytogenes and
Salmonella species bacteria (see box, “America’s Least Wanted”).

In another study, researchers at the University of Maryland
(College Park) and the U.S. Food and Drug Administration (Laurel,
MD) examined the prevalence of foodborne pathogens in four
meats from retail food outlets in the metropolitan Washington,
DC, area (2). Over a 14-month period, the researchers repeatedly
visited 59 locations of four chain grocery stores and purchased
chicken carcasses, turkey breasts, beef steaks, and pork chops.
They then tested the meat products for the presence of Campy-
lobacter, E. coli, and Salmonella. Of the four meats, chicken had
the highest contamination rate: many samples carried two pathogens
and a few had all three.

The scientists found no
seasonal statistical bias in the
frequency of contamination,
with pathogens being as likely
in winter as summer. This find-
ing is in sharp contrast to previ-
ous CDC studies that found
outbreaks of foodborne infec-
tions peaking during the summer
months. The authors argue that
this seeming discrepancy might
be the result of consumers prac-
ticing poorer hygiene while
handling food in outdoor and

vacation surroundings, including incomplete cooking during the
barbeque season. Another interesting finding of the study was
that the degree and type of contamination differed significant-
ly between the four store chains even though all 59 outlets sold
the same product brands. The researchers suggest that this find-
ing might reflect differences in store handling procedures, prod-
uct batches, and sampling times.

This study, and others like it, point to the urgent need for
testing at multiple points along the meat processing chain, start-
ing with the rural processing plant and continuing through the
retail level.

Food Testing
Given the harrowing statistics, it is not surprising that corpora-
tions and government health officials have put much effort into
food testing to prevent human suffering and avoid lawsuits. The
two big challenges to large-scale testing of samples, both during
food processing and from a clinical perspective, are time and
sensitivity. Traditional microbiological methods require that the
microbes be cultured and characterized for a variety of meta-
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bolic and physical markers. This process can take days to weeks,
depending on the organism.

For example, in a test to detect Salmonella, one bacterial pre-
enrichment step takes 16–20 h, a Salmonella-specific enrich-
ment takes another 24 h, and a final identification step in
which cultures are streaked out onto selective media can take
24–48 h. If the results are positive, they must then be confirmed
by subcultivation and serological testing. Thus, this assay can
take anywhere from 3 to 6 days. During this time, the food
products might decay beyond the selling point. Consumers
might contract food poisoning from the products, putting them
at risk for sickness or death. It is therefore preferable to have an
assay that can locate and identify the offending microbes in a
timeframe that is measured in hours, not days.

Similarly, the assay must also be very sensitive because the
tested samples might have no more (and possibly less) than one
cell per milliliter or gram of starting material. Although this does
not sound like much, Listeria infections can start from as few as
10 cells. As with most traditional microbiological tests, this requires
some form of microbe culture enrichment using a growth medi-
um, but it is critical that this step not take too much time.

To this end, academic, government, and corporate researchers
are developing a variety of molecular techniques to locate and
identify sources and forms of foodborne microbial contamination.

Biowarfare
In the fight to detect bacteria, some researchers have decided
to use the bacteria’s own worst enemies: bacteriophages, virus-
es that attack bacteria. The AK Phage system, developed by
researchers at Alaska Food Diagnostics (Porton Down, UK), uses
a series of bacteriophages—each specific to a particular bacte-
rial species—to identify contaminating bacteria. The bacteria
lyse, or rupture, in the presence of the appropriate virus,
releasing an enzyme called adlenylate kinase (AK). The released
enzyme then reacts with a second enzyme (luciferase) that has
been added to the buffer. Luciferase is a protein from fireflies
that emits light, which can be monitored by a detector, when
activated by AK. Using the AK Phage system and a sample prepa-
ration time of 8 h, researchers can detect fewer than 100 bacte-
ria in a sample.

But in vivo systems such as this can be difficult to use,
requiring precise culturing conditions that can greatly affect the
accuracy of the quantitation. For this reason, most of the research
efforts have been applied to in vitro systems.

Antibodies
Because of their great molecule-binding specificity, antibodies
have frequently been used in the development of contamina-
tion testing, most often through a method called the enzyme-
linked immunosorbent assay (ELISA). In this method, samples
are divided into the wells of a multiwell dish, which carry anti-
bodies directed against specific cell-surface molecules on the
microbe. After allowing the microbes to interact with these capture
antibodies, the wells are rinsed, and a solution containing a
second antibody that also binds to the microbe is added to the
wells. This detection antibody is typically tagged with an enzyme
that reacts with a substrate in the buffer to cause a color or
luminescent change.

One company that has developed such an ELISA system is IGEN
International (www.igen.com). Its PathIGEN system, which is aimed

at Salmonella, Listeria, Campylobacter, and E. coli, requires a
relatively brief (6–48-h) incubation of the test sample in culture
medium to increase the number of cells, but in this case, the
capture antibodies are conjugated to magnetic beads rather
than the multiwell plastic. These capture antibodies bind to bacte-
ria, which are then bound by a second antibody that carries a
ruthenium-based tag (the ORI-TAG). 

The bead–bacterium–antibody complex is then attracted to an
electrode that alters the chemistry of the ORI-TAG such that it
reacts with tripropylamine and upon excitation, emits light that
is measured by a photodetector. Using the system, researchers
can detect as few as 103–104 cells almost immediately after the
incubation is complete.
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Foodborne microbial contamination comes in a variety of guis-
es and from myriad sources. Perhaps the best-known food-
borne illnesses come from the various subspecies of E. coli.
Largely associated with raw or undercooked ground beef, infec-
tion leads to abdominal cramping and diarrhea that is initial-
ly watery but can become bloody. Infection is usually self-
limited and can last for about eight days. In some cases,
however, infection can lead to hemolytic uremic syndrome,
which causes renal failure and anemia, and it can be deadly
to children, the elderly, and those with weakened immune
systems.

One of the least understood but increasingly prevalent
illnesses is caused by Listeria monocytogenes. Associated with
raw milk, soft cheeses, and raw meats, L. monocytogenes infec-
tion can lead to meningitis, encephalitis, and intrauterine or
cervical infections in pregnant women that can cause spon-
taneous abortion or stillbirth. Listeria is able to grow under
a wide variety of conditions, including refrigeration.

Another common infection is caused by Salmonella species.
Associated with raw meats, poultry, and eggs, infection can
lead to nausea, vomiting, cramps, and diarrhea. Typically, acute
symptoms subside after a couple of days. In severe cases of
S. typhi or paratyphi, however, infection can cause a typhoid-
like fever and possible septicemia.

As with many other bacteria, Campylobacter jejuni infec-
tions lead to abdominal and muscle pain and fever, as well as
diarrhea that might be watery and can include blood. Infec-
tion is usually self-limiting and lasts 7–10 days. Associated
largely with poultry, Campylobacter is also found in unchlor-
inated water but can be eliminated by boiling.

The family of Norwalk-like viruses (NLVs) is spread through
feces-contaminated water, and are thus largely associated
with shellfish. Although most people have been exposed to
NLVs at some point in their lives, they rarely exhibit any
symptoms. Disease associated with infection is usually mild,
with symptoms of vomiting, nausea, and abdominal pain, but
infection is usually self-limiting and symptoms subside
within 2 days.

More information about these and other microbes associ-
ated with foodborne illness can be found in the Bad Bug
Book developed by the FDA’s Center for Food Safety and Applied
Nutrition (http://vm.cfsan.fda.gov/~mow/intro.html).



Of course, ELISAs and related assays only work as long as the
sample is in or near a lab. What about the samples that have
already made it to grocery store shelves? One company that is
trying to address this issue is Toxin Alert (www.toxinalert.com).
This company has developed Toxin Guard, a method of directly
applying antimicrobial antibodies to the plastic wrap in which
food is packaged.

“The contaminant binds to a detector antibody that is suspend-
ed in a nutrient gel and grows rapidly,” says Kristine Di Matteo,
company spokesperson, explaining how Toxin Guard works.
“Still attached to the detector antibody, the foreign material is
attracted to a capture antibody. This antibody is set on the
packaging film in an easily recognized icon such as an X. As the
contaminant collects in the icon area, a colored or luminescent
chemical that is also attached to the detector antibody makes
the X visible on the plastic. This warns of the presence of a toxin.”

The company is hoping to apply their Toxin Guard technolo-
gy to polyethylene-based food packaging, which they say repre-
sents a global market of $24 billion. Initially, they are targeting
Salmonella, Listeria, Campylobacter, and E. coli, but they hope to
eventually expand their list of targets to include genetically modi-
fied foods.

Genomic Weaponry
With the advent of genomic technologies, researchers have devel-
oped new DNA-based tools for identifying food contamination.
One popular method uses polymerase chain reaction (PCR) tech-
nology, whereby complementary single-stranded DNA fragments
(primers) bind to a sample of microbial DNA and are extended by
DNA polymerase. The primers then bind to the new and original
strands of DNA and are likewise extended, such that after sever-
al cycles of binding and extension, the sample is filled with multi-
ple copies of microbial DNA that can be measured in a variety of
ways, including fluorescent tagging and gel electrophoresis. Thus,
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TABLE 1: Some Companies and Suppliers Involved in
Food Testing

Company Assay Pathogen(s)

Alaska Diagnostics Phage assay L, E, S, mold
BioControl Immunoassay L, C, E, S
BioMerieux Immunoassay L, C, E, S
BioSys Metabolic L, S, E
Biotecon Diagnostics PCR L, S
Cepheid PCR C, E, S, others
Charm Sciences Metabolic E, S
DuPont Qualicon PCR L, E, S
IGEN International Immunoassay L, C, E, S
Matrix Microscience Immunoassay L, E, S
Neogen Immunoassay L, E, S

DNA hybridization L, S
Metabolic L, E, S, mold

Roche Diagnostics PCR L, S
Strategic Diagnostics Immunoassay E
Toxin Alert Immunoassay L, C, E, S

L = Listeria, C = Campylobacter, E = E. coli, S = Salmonella

(A more complete list can be found at www.foodhaccp.com/index6.html.)



clinicians and researchers are able to detect strong genomic signals
from a sample that might have started with a single contami-
nating organism.

Last year, Astrid Schneider and colleagues at Biotecon Diag-
nostics (Potsdam, Germany) performed real-time PCR using the
LightCycler System (Roche Diagnostics, Basel, Switzerland) to
detect not only whether food samples were contaminated with
Salmonella bacteria but also by what species or subspecies (3).
Bacteria samples were cultured for 16–20 h in 50 µL of liquid
growth medium, and the microbial cells were harvested, lysed,
and centrifuged. The supernatant was then combined with poly-
merase for DNA amplification. Of the 180 samples that they exam-
ined, the researchers were able to correctly identify each of the
samples that were contaminated with individual Salmonella enter-
ica subspecies that are infectious to humans, and those samples
contaminated with the relatively harmless Salmonella bongori.

Similarly, David Kingsley and colleagues at the Microbial Food
Safety Research Unit of the USDA (Dover, DE) developed a reverse
transcription PCR assay for the identification of Norwalk-like virus-
es (NLV) and hepatitis A virus (HAV) as contaminants in shellfish
(4). The researchers isolated virus particles from 25-g samples of
imported clams and extracted the viral RNA using a buffer
system and magnetic beads labeled with DNA sequences comple-
mentary to the RNA. DNA copies were then made of the RNA using
the enzyme reverse transcriptase, and this DNA served as a template
for PCR amplification. Within 24 h, using this method, the researchers
detected contamination at levels as low as 22 NLV and 27 HAV

particles per oyster in several samples, but limitations caused by
their choice of primers prevented the researchers from identify-
ing the exact strain of virus. They hope to rectify this problem
through the use of different primers.

Food Safety
As testing methods for foodborne contamination continue to
improve and new areas for testing are explored, researchers are
working rapidly toward the goal of total confidence in the food
we serve to our family and friends. And whereas countries like
the United States will see benefits in saving billions of dollars of
medical expenses and human downtime, the developing world
will reap the greatest benefits, with improved health for the popu-
lation at large and children being given a better chance to live
up to their full potential.
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