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Escherichia coli O157:H7 –
Three and a Half Years of Scientific Progress

RANZELL “NICK” NICKELSON II*

This presentation was developed to evaluate the progress
that has been made by industry in the control of Escherichia
coli O157:H7 in beef. It is appropriate that evaluations be
made from time to time after the unfortunate and devastat-
ing outbreak in the Pacific Northwest in January of 1993.
The National Live Stock and Meat Board coordinated many
of the activities associated with E. coli O157:H7 through a
Blue Ribbon Task Force created for that specific mission.
Research and education through the National Live Stock and
Meat Board, The National Cattlemen’s Beef Association and
other check-off funded programs coupled with private in-
dustry initiatives represent a multi-million dollar investment
in food safety.

The contents of this report will focus on: the major events
and initiatives related to E. coli O157:H7, the best estimate
of the epidemiological trends, new technological advances
of major significance, specific check-off funded research
projects, the changing regulatory environment and an evalu-
ation of the future.

Many of the views expressed in the report are those of
the author and may not yet represent proven fact.

The taxonomy or nomenclature of E. coli O157:H7 can
be confusing. Figure 1 shows the family tree of the E. coli
bacteria. First is the total plate count or Standard plate count
or aerobic plate count. These counts are an attempt to enu-
merate the total population of bacteria and E. coli would be
included. The next major division is the family Enterobacte-
riaceae. This family contains many bacteria that inhabit the
intestinal tract of man and animal.

Coliforms are a more distinct group of these bacteria
and ferment lactose. Not all coliforms are of fecal origin.
Fecal coliforms are a tighter group of bacteria that more
closely represent fecal contamination. They grow at higher
incubation temperatures (44.5°C). E. coli is a very common

genus and species found in the feces of man and animal. E.
coli is a coliform and is a true fecal coliform.

Pathogenic E. coli are further divided into groups based
on the type of disease they produce. The enterohemorrhagic
E. coli (EHEC) include E. coli O157:H7. The O designation
indicates the 157th cell wall antigen identified for E. coli
and the H7 designates the 7th flagellular antigen within the
O157 group. An interesting observation is that E. coli
O157:H7 is not like most of the other E. coli. It does not
ferment sorbitol, is MUG-negative and will not grow at the
44.5°C used for fecal coliforms.

DNA-based technologies are providing powerful tools
for the differentiation of bacteria such as E. coli O157:H7
and other serogroups capable of producing the Shiga-like
toxins. New classification schemes are imminent.

In January of 1993, an outbreak of Escherichia coli
O157:H7 occurred in the Pacific Northwest. Over 500 indi-
viduals are affected and four children died. The food re-
sponsible was ground beef served through a feed service
operation. Although this was not the first outbreak of E. coli
O157:H7 from hamburger meat, it captured the nation’s
concern because of the four young lives lost.

Immediately following the outbreak, the Board of Di-
rectors of The National Live Stock and Meat Board formed a
Blue Ribbon Task Force on E. coli O157:H7. The Task Force,
under the leadership of Dr. J.O. Reagan, was given the charge
of developing an industry blueprint or the control of the
pathogen. Their report was presented to the Board in August
of 1994.

In November of 1994 a Coordinator position was ap-
proved for the Task Force. The Task Force‘s new expanded
role was to now build a system of coordination and com-
munication that would lead to a proactive plan for the solu-
tion of the E. coli O157:H7 problem. Their proactive plan
was published in November of 1995.

The Blue Ribbon Task Force was also responsible for a
research project on the fate of E. coli O157:H7 in dry and
semi-dry fermented sausage. The project was a rapid re-
sponse to an outbreak linked to salami. Through the progress
of the research, the Task Force worked with USDA to de-
velop and implement what is now referred to as “Option 5”,
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FIGURE 2.

Significant Milestones

• 1993 Outbreak in Pacific Northwest
• 1994 Blue Ribbon Task Force Report
• 1995 Proactive Plan for Industry Action
• 1996 Option 5 Dry Fermented Sausage

a HACCP-based alternative to expensive validation studies.
Estimates of the number of cases made by many experts

following the 1993 outbreak have not been as large as ex-
pected. Consumer awareness and immediate implementa-
tion of cooking guidelines at food service probably elimi-
nated any large single isolated outbreak like the one occurring
in 1993.

There was a clear drop in cases in 93-94. Some feel that
the number of cases may not be changing but are merely
cycling from year to year and will average to about the same
baseline prior to 1993.

Based on data from the states of Minnesota and Wash-
ington, the total number of cases (outbreak and sporadic) in
94-95 were higher than 93-94 but still below the level at-
tributed to the 93 outbreak. For the first 10 months of 95
there were no reported cases of HUS in Washington state.

In sporadic cases and small outbreaks since 93, more
and more nontraditional (not ground beef) foods have been
implicated. Examples include cider, vegetables, fruits, salami,
mayonnaise, milk, roast beef and recreational swimming.

The pressure of high quality supply at food service could
shift the risk of E. coli O157:H7 to the retail sector.

Preliminary data from the Centers for Disease Control
show declines in the number of outbreak cases in both 1994
and 1995. The 1993 data reflects the large outbreak in the
Pacific Northwest and many believed the following years
would produce higher numbers. This data also shows a re-
duction in the number of cases associated with beef.

I would like to think that this very optimistic decline in
outbreak cases is the result of all our efforts. Producers have
been very cooperative in live animal research and the fund-
ing of allied research projects. There is little doubt that slaugh-
ter and fabrication operations have improved the quality and
safety of raw meat products. The new technologies like hot
water, steam vacuum, and steam pasteurization coupled with
increased application of current technologies has had a com-
plimentary effect. Food service, retail and consumers have
a better understanding and heightened concern over food
safety. The medical profession coupled with epidemiologist
are diagnosing outbreaks sooner allowing for early treatment
and prevention of follow-on cases. Last but not least, the
USDA/FSIS has reorganized and through extensive hearings
with industry and consumer groups published a much
needed change in meat inspection.

Hopefully the 1996 data will reflect the same trend!
The outbreak in 1993 caused a major shift in food safety

issues. Consumers, regulatory agencies, academic institu-
tions, public health professionals and the beef industry all
responded to this newly heightened public health risk.

In response to “zero tolerance” for physical contami-
nants on beef carcasses the industry intensified avoidance
procedures and developed overall better methods of sani-
tary carcass production. The use of hot water in the final
wash is an example of a technology shown to contribute to
higher quality carcasses.

Industry began to explore advanced technological
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FIGURE 3.

Overall Status of Disease

• Estimates of Outbreaks Made in Early 90’s  Are
Not Holding True

• Clear Drop in Cases 94 and 95
• No HUS in Pacific NW in 95
• More Non-Traditional and Less From Beef
• More Risk From Retail?
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means of removing physical contamination. A team vacu-
uming system was developed, refined several times, pilot
tested and approved for use in some applications.

Steam pasteurization is an excellent example of
industry’s initiative in technological change. A cabinet sys-
tem that first air dries a carcass is then followed by a short
steam treatment, then spray cooling or organic acid rising.
Again, after design, refinement, laboratory testing, and pilot
testing, the process has been approved for commercial use.

The most important strides have been made in innova-
tive ways to improve quality and safety through tighter con-
trols over existing processing technologies. Microbiological
profiles for raw materials are as good or better than ever
experienced in the red meat industry.

Several integrated research projects led to the approval
of hot water rinses in the final carcass wash. These projects,
referred to as Wash/Trim, began in a laboratory, moved to a
pilot plant, then to commercial operations and finally to a
commercial validation. The final project utilized an organ-
ism exhibiting properties similar to E. coli O157:H7 to de-
termine the efficacy of the wash.

Determining cooking endpoint temperatures by enzy-
matic recovery and activity will provide a valuable tool in
validating time-temperature parameters of cooked-ready-to-
eat meat products.

A large project was completed on the best methods of
taking samples and the feasibility of compositing multiple
samples for analysis. With the passage of the Pathogen Re-
duction - HACCP rule, the need for better sampling data
will be in demand. Compositing allows for the expansion of
sample size with no loss in testing sensitivity and little in-
crease in costs.

Microbiological Mapping is the largest project of its type.
Four universities are sampling  seven (3 cow and 4 feed
cattle) plants over the west and dry seasons. Samples in-
clude feces, dung balls, carcass samples from three different
sites at three different processing steps, lymph nodes, and
environmental samples. The data will be valuable in deter-
mining the location of critical points for beef slaughter.

The dry fermented sausage project has already been
discussed.

Plating it Safe is an excellent example of consumer edu-
cation material developed through checkoff dollars.

Although tremendous progress is being made in the con-
trol of disease from E. coli O157:H7, the hard work and
vigilance is not over. Much work is still needed in the ecol-
ogy of the organism in the bovine host. Better methods of
control past the carcass conversion segment will be a top
research priority in the future. The medical community still
needs an answer on how to stop the cascading effects of
HUS after infection.

It will be difficult to establish a baseline for the disease
as better methods and reporting may cause an increase in
reported cases.

Much talk and many research papers are devoted to
non-O157:H7 shiga toxin producing bacteria. In a couple

FIGURE 6.

Key “Checkoff” Funded Initiatives

• Wash/Trim I, II, III, IV
• Cooking End Point Determination
• Sampling and Compositing
• Microbiological Mapping
• Dry Fermented Sausage Validation
• “Plating it Safe”

FIGURE 5.

Major Technological Advances

• Hot Water Wash
• Steam Vacuum
• Steam Pasteurization
• Better Process Controls
• Consumer and Food Service Awareness

FIGURE 7.

E. coli O157:H7 - The Next Three Years

• Progress is being made but the problem has not
been solved.

• More cases will be reported due to better
surveillance and reporting.

• Fewer cases will result in HUS as a result of
better diagnosis and therapy.

• O157:H7 will be replaced by other Shiga toxin
producers?

• All pathogen reduction will be the issue.

of cases these bacteria were not even E. coli, but closely
related. More emphasis will be given to the genetic factors
that cause certain strains to be such devastating pathogens.

New HACCP-based inspection programs will cause us
to broaden our efforts to all pathogen control. As industry
continues to find ways to control Listeria, Salmonella,
Campylobacter, and E. coli O157:H7, the effects of such
control should provide a basis for control of pathogens with
similar growth, survival and pathogenicity characteristics.
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