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Salmonella Enteritidis in Eggs

AGENCIES: Food Safety and Inspection
Service, USDA; Food and Drug
Administration, HHS.

ACTION: Advance notice of proposed
rulemaking; request for comments.

SUMMARY: Eggs contaminated with
Salmonella Enteritidis (SE) are
associated with significant numbers of
human illnesses and continue to be a
public health concern. SE infected
flocks have become prevalent
throughout the country, and large
numbers of illnesses have been
attributed to consumption of
mishandled SE-contaminated eggs. As a
result, there have been requests for
Federal action to improve egg safety.
The Food Safety and Inspection Service
(FSIS) and the Food and Drug
Administration (FDA) share Federal
regulatory responsibility for egg safety.
However, regulation of shell eggs is
primarily the responsibility of FDA.
Through joint issuance of this notice,
FSIS and FDA are seeking to identify
farm-to-table actions that will decrease
the food safety risks associated with
shell eggs. The agencies want to explore
all reasonable alternatives and gather
data on the public benefits and the
public costs of various regulatory
approaches before proposing a farm-to-
table food safety system for shell eggs.
Interested persons are requested to

comment on the alternatives discussed
in this advance notice of proposed
rulemaking (ANPR), suggest other
possible approaches, and provide
information that will help the agencies
weigh the merits of all alternatives. In
addition to the actions contemplated in
this ANPR, both agencies are planning
to take actions that address adoption of
refrigeration and labeling requirements
that are designed to reduce the risk of
foodborne illness.

DATES: Comments must be received on
or before August 17, 1998.

ADDRESSES: Send an original and two
copies of comments to: FSIS Docket
Clerk, Docket No. 96—035A, Room 102
Cotton Annex Building, 300 12th St,
SW., Washington, DC 20250-3700.
Reference material cited in this
document and any comments received
will be available for public inspection in
the FSIS Docket Room from 8:30 a.m. to
1:00 p.m. and 2:00 p.m. to 4:30 p.m.,
Monday through Friday.

FOR FURTHER INFORMATION CONTACT: Mr.
Ralph Stafko, Food Safety and
Inspection Service, USDA, Washington,
DC, 20250, (202) 720-7774, or Dr.
Marilyn Balmer, Center for Food Safety
and Applied Nutrition, Food and Drug
Administration, HHS, Washington, DC
20204, (202) 205-4400.
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Background

This section provides information on
the egg industry, data that associate eggs
with an epidemic of cases of human

salmonellosis caused by Salmonella
Enteritidis, and past efforts and current
plans to alleviate this public health
problem.

1. Egg Production and Marketing

Eggs are a nutrient-dense food that
play an important part in most
Americans’ diets, either alone or as a
constituent of another food. On a per
capita basis, Americans consume about
234 eggs a year. The National
Agriculture Statistics Service (NASS) of
the Department of Agriculture (USDA)
estimates the total value of the table
eggs (eggs produced for human
consumption, not hatching) produced in
the U.S. in 1995 at $3.96 billion.

The egg industry is fairly stable in
terms of overall production. U.S.
production has increased only slightly
in absolute terms in recent years, from
about 60 billion eggs in 1984 to about
63 billion in 1995. About 70 percent are
sold as whole “shell’” eggs. The
remaining 30 percent are processed into
liquid, frozen or dried pasteurized egg
products, the majority of which are
destined for institutional use or further
processing into other foods such as cake
mixes, pasta, ice cream, mayonnaise,
and bakery goods.

International trade is a small but
growing part of the U.S. egg market. The
U.S. does not import a significant
quantity of shell eggs and imports only
0.2 percent of processed egg products.
Exports now amount to more than 2
percent of the total U.S. production. In
1996, exports of eggs and egg products
reached a market value of nearly $20
million.

There are essentially three kinds of
flocks associated with egg production:
breeder flocks, multiplier flocks, and
laying flocks (including both immature
pullets and mature laying hens). There
are roughly 300,000 breeding hens
(grandparents), 3 million multipliers
(parents), and 300 million laying hens.
NASS estimates the value of the laying
flocks alone to be close to $1 billion.

Geographically, commercial egg
production in the western United States
is concentrated in California, and in the
east it is centered in Ohio, Indiana, and
Pennsylvania. According to NASS,
which surveys the number of egg laying
flocks of 30,000 or more hens, California
and Ohio each have about 25 million
layers, and Indiana and Pennsylvania
each have about 20 million. Other states
in which major producers are located
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include lowa, Texas, Minnesota, and
Georgia. Twenty-one other states are
reported as having fewer than 10
million, but more than 2 million, layers
in production.

Egg production is being concentrated
in fewer, larger firms. Federal
Regulations require commercial flocks
of more than 3,000 hens to be registered
with USDA. USDA'’s Agricultural
Marketing Service (AMS) currently has
757 such egg producers registered. The
United Egg Producers (UEP), a
cooperative that provides a variety of
services to member egg producers,
reports that the number of major
producers (those with flocks of 75,000
or more, which produce about 94
percent of America’s table eggs)
declined in just 3 years from 380
producers in 1994 to 329 producers in
1996.

Modern egg production facilities are
increasingly large, “in-line” facilities.
They integrate laying, packing, and even
processing of egg products at one
location. Freshly laid eggs go directly
into a processing system where they are
cleaned, sorted, and packed for
distribution.

A significant portion of production,
however, is still “off-line.” Off-line
operations are those that are not
integrated with laying facilities, but
rather have eggs shipped from laying
facilities at other locations. The fresh
eggs are collected and shipped from the
laying facilities periodically, usually
once a day but sometimes less often.
These eggs are frequently placed in
coolers at the laying facility before
shipment to a facility where they are
processed and packed.

Most packers either own or have
contractual relationships with their
suppliers. Their laying hens are bred
and cared for to ensure the largest
possible numbers of consistent quality
eggs, and are housed together in large
hen houses.

Although shell egg cleaning and
packing is configured differently in
different plants, after collection the eggs
generally are (1) washed, (2) rinsed and
sanitized, (3) dried, (4) candled, sorted,
and graded, (5) packed in cartons and
crates onto shipping pallets, and (6)
placed in a cooler pending shipment.
Eggs that are found to be cracked or
otherwise unsuitable for sale as whole
shell eggs are by law “restricted.” USDA
allows a certain percentage of some
classes of restricted eggs to be moved in
commerce. If restricted eggs sent to a
federally inspected facility (often
referred to as a “‘breaker plant”) are
determined acceptable, they are broken,
inspected for wholesomeness, pooled,

and then processed into a pasteurized
liquid, frozen, or dried egg product.

After packing, shell eggs usually are
loaded into refrigerated transports for
shipment to market. Some producers
use their own trucks, while others
contract with trucking firms to deliver
eggs to their customers. Some are
delivered directly to retail outlets, and
others are delivered to warehouses and
other intermediate distribution points
before going to the retail store or food
service facility where they reach the
consumer.

2. Salmonella and the Salmonellosis
Epidemic

Salmonella is a gram-negative, motile,
rod-shaped bacteria that can grow under
both aerobic and anaerobic conditions.
Salmonella has evolved into a
successful human pathogen because of
its survival characteristics and
virulence. The organisms are
ubiquitous, and are commonly found in
the digestive tracts of animals,
especially birds and reptiles. Human
illnesses are usually associated with
ingestion of food or drink contaminated
with Salmonella, but infection may also
be acquired from an infected person by
the fecal-oral route through poor
personal hygiene, or from pets.

More than 2,300 different serotypes
have been identified and are associated
with a variety of animal reservoirs,
geographic locations, and frequencies.
However, microbiologists are finding
that atypical biotypes have emerged that
are difficult to identify and detect by
conventional means, placing more value
on new molecular methods and other
technologies for identifying them.1

Epidemiologically, salmonellae can be
grouped as follows:

1. Those that infect mainly humans.
These include human pathogens such as
S. Typhi and S. Paratyphi (A and C)
which cause typhoid (enteric) and
paratyphoid fevers, respectively, the
most severe of the Salmonella diseaseS.
S. Typhi may be found in blood, as well
as in stool and urine before enteric fever
develops. Typhoid fever has a high
mortality rate; the paratyphoid
syndrome is generally milder. These
diseases are spread through food and
water contaminated by feces and urine
of patients and carriers.2

2. Those that infect mainly animals.
These include animal pathogens such as
S. Gallinarum (poultry), S. Dublin
(cattle), S. Abortus-ovis (sheep), and S.
Choleraesuis (swine). Some of the
organisms in this group are also human
pathogens and can be contracted
through foods.

In general, salmonellae are quite
resilient and able to adapt to extremes

in environmental conditions. They are
resistant to freezing and drying. They
are able to grow within a wide
temperature range; from extremes as low
as 2-4°C (36—39°F), and as high as 54°C
(129°F). They have been reported to
grow within a pH range of 4.5 to 9.5.
Salmonellae do not grow in foods with
a water activity of 0.93 or less, and are
inhibited by the presence of salt at
levels between 3 and 4 percent.
Preconditioning to thermal and acid
stress has been shown to allow strains
to adapt to greater extremes.3 These
properties make many food products
more likely to support the growth of
these organisms, such as many
refrigerated products, fermented foods,
and cheeses.

The human infectious dose is highly
variable, depending largely on the
strain, the food, and the susceptibility of
the human host. Recent evidence
suggests that as few as one to ten
Salmonella cells can cause infection in
humans. Human diarrheagenic response
and enterocolitis result from the
migration of the pathogen from the
mouth at ingestion to the intestinal tract
and mesenteric lymph nodes, and the
coinciding production of bacterial
enterotoxin. Salmonella also produce a
cytotoxin that inhibits protein synthesis
and causes lysis of host cells, helping
the organisms to spread to other
tissues.4

The Centers for Disease Control and
Prevention (CDC), which has classified
salmonellosis as a reportable disease
since 1943, has found it to be one of the
most commonly reported bacterial
infections of any kind in the United
States. Human salmonellosis is the
second most prevalent foodborne
disease in the U.S. after illnesses from
Campylobacter (a generally milder
illness associated with raw and
undercooked poultry, raw milk, and
untreated water as well as improper
handling and preparation of food). In
1996, 39,027 confirmed cases of human
salmonellosis were reported to CDC by
State and local departments of health.
Although this number of cases is below
the peak year of 1985, when 57,896
cases were reported, the number of
cases is significant. From 1985 through
1996, there have been 508,673 reported
cases of salmonellosis.>

Salmonella usually cause an
intestinal infection accompanied by
diarrhea, fever, and abdominal cramps
starting 6 to 72 hours after consuming
a contaminated food or drink. The
illness is usually 4 to 7 days in duration,
and most people recover without
antibiotic treatment. About 2 percent of
affected persons may later develop
recurring joint pains and arthritis.6 In
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the very young, the elderly, and persons
with compromised immune systems, the
infection can spread to the bloodstream,
and then to other areas of the body such
as the bone marrow or the meningeal
linings of the brain, leading to a severe
and occasionally fatal illness unless
treated promptly with antibiotics.”

Because many cases are not reported,
these cases may represent only a small
fraction of the actual number of
illnesses that occur. Not all infected
persons develop symptoms severe
enough that they seek medical attention,
and physicians may not have patients’
stool analyzed. It is estimated that there
are an additional 20 to 100 cases of
salmonellosis for every reported case, or
some 800,000 to 4 million actual cases
each year in the U.S.8

The cost to Americans is
considerable. The patient-related costs
of salmonellosis from medical expenses
and loss of income were estimated in
1988 to be about $1,560 per reported
case and about $250 for each unreported
case.® By applying the cost per reported
case to the 41,222 cases and probable
ilinesses reported in 1995, the cost of
salmonellosis in 1995 can be estimated
to be between $350 million and $1.5
billion.

CDC'’s surveillance data on isolates
reported by State and territorial
epidemiologists list close to 600
different serotypes that have caused
human illness in the U.S. Based
primarily on outbreak data, where
Federal, State, and local epidemiologists
have sought to identify the source of
infection, some serotypes are linked to
particular food vehicles. The three
illness-causing serotypes most
frequently reported—S.Typhimurium,
S. Heidelberg, and S. Enteritidis—are
most often traced to poultry or eggs
when a food vehicle is found.

Salmonella Enteritidis emerged in
epidemic proportions in the United
States about a decade ago in the
northeast. Over the last 20 years, SE-
associated illnesses have increased
greatly in number. The proportion of
reported Salmonella isolates that were
SE increased from 5 percent in 1976 to
26 percent in 1994.10 SE was the most
frequently reported Salmonella serotype
in 1994, 1995, and 1996.

CDC surveillance data show that the
rates of isolation of SE increased in the
U.S. during 1976-1994 from 0.5 to 3.9
per 100,000 population, and that
illnesses are occurring throughout the
U.S. While the trends for the years
1990-1994 show a decrease in the SE
isolation rate in the northeast from 8.9
to 7.0 per 100,000 population, the rate
increased approximately threefold for
the Pacific region, particularly for

southern California, which had rates as
high as 14 per 100,000.1*

From 1985 through 1996, there have
been 660 SE outbreaks reported to CDC.
Associated with these outbreaks, there
have been 77 reported deaths, 2,508
reported hospitalizations, and 25,935
reported cases of illness. The peak year
for outbreaks was 1989 with 77
reported. Deaths have occurred in all
years. In 1995 and 1996, there were 57
and 51 reported outbreaks respectively
with 8 deaths in 1995 and 2 deaths in
1996. The majority of the outbreaks
occur in the commercial venue with the
implicated food containing
undercooked eggs.

There is evidence that this increase in
SE infections is global. World Health
Organization data show increases in SE
on several continents, including North
America, South America, Europe, and
perhaps Africa.12 The trend towards
centralized large-scale food processing
with wide distribution means that when
contamination occurs, it can affect large
numbers of people over a large area.
Although most eggs are consumed
individually, large numbers are
sometimes pooled during the
production or preparation of some
foods. This increases the likelihood of
SE being in the raw product. This
potential was illustrated by a major
1994 SE outbreak attributed to ice
cream. FDA reported the most likely
cause was contamination of the
pasteurized ice cream mix by hauling it
in a tanker improperly cleaned after
carrying a load of unpasteurized liquid
eggs. The ice cream mix was not heat
treated after receipt from the
contaminated tanker, and the ice cream
was distributed widely.13

In 1995 surveys, SE phage-type 13A
was found to be the predominant phage-
type in egg laying flocks in the United
States, followed by phage-type 8 and,
increasingly, phage-type 4. This
represents a significant change since
1991, when phage-type 8 was
predominant and phage-type 4 was
undetected in laying flocks.14

3. Salmonella in Eggs; the Risk

a. Contamination Through the Shell;
Current Egg Cleaning Practices

Eggs have long been valued for their
natural protective packaging. Having
evolved to protect the developing
embryonic bird inside, the egg provides
an inhospitable environment for
Salmonella as well as other bacterial
contaminants. A fresh egg is fairly
resistant to invasive bacteria, a fact
relied upon in many countries where
shell eggs are not refrigerated. The egg’s

defenses are both mechanical and
chemical.

Mechanically, there are essentially
four layers of protection preventing
bacteria from reaching the nutrient rich
yolk: (1) the shell, (2) the two
membranes (inner and outer) between
the shell and the albumen, (3) the
albumen (eggwhite), and (4) the vitelline
(yolk) membrane which holds the yolk.

When laid, the egg shell is covered on
the outside by the cuticle, a substance
similar in composition to the shell
membranes. When the cuticle dries, it
seals the pores and hinders initial
bacterial penetration. However, the
cuticle usually is removed along with
debris on the surface of the shell during
the cleaning process. Some processors
add a thin coating of edible oil or wax
to eggs after they are washed and dried
to close the shell pores in a manner
similar to the cuticle.

The shell, although porous and easily
penetrated by bacteria, protects the
outer membrane from physical abuse.
The dry and much less porous outer
shell membrane is much more difficult
for bacteria to penetrate. The inner shell
membrane and the yolk membrane also
present barriers. Perhaps the most
substantial line of defense against
bacteria is provided by the egg albumen.

In fresh eggs, the albumen has a high
viscosity, which both anchors the yolk
protectively in the center of the shell
and prevents movement of bacteria
toward the yolk. (Eggs are stored with
the blunt end up to help keep the yolk,
which has a lower specific gravity, from
drifting toward the inner membrane.) In
addition, the albumen has chemical
properties that inhibit bacterial growth.

Originally, the potential for
Salmonella to contaminate shell eggs
was primarily a matter of the organisms
passing through the shell into the egg’s
contents because of, mostly,
environmental conditions. With
salmonellae other than SE, this still is
the most likely means of potential
contamination of intact shell eggs.13

It has long been known that the laying
environment can contribute to egg shell
contamination. The surface of the egg
can become contaminated with virtually
any microorganism that is excreted by
the birds. Many serotypes of Salmonella
as well as other bacteria have been
isolated from laying flocks. Contact with
feces, nesting material, dust, feedstuffs,
shipping and storage containers, human
beings, and other creatures all
contribute to the likelihood of shell
contamination. Penetration into the egg
contents by both salmonella and
spoilage bacteria increases with
duration of contact with contaminated
material, especially during storage at
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high temperatures and high relative
humidities. Therefore, eggs should be
collected as frequently as possible, and
kept as clean and cool as possible (short
of freezing, which can damage the
shell).

Other sources of shell contamination
are always present in the production
environment. Producers should clean
and sanitize equipment and facilities as
necessary to prevent egg contamination,
and not rely simply on egg washing to
remove contaminants after the fact. One
recent study found high levels of
Salmonella isolates from egg belts, egg
collectors, and ventilation fans (64-100
percent of samples on different farms) as
compared to isolates from egg shells
before collection (8 percent overall).

Cleaning the exteriors of shell eggs to
remove fecal material and other debris
reduces the risk that pathogenic bacteria
will have an opportunity to penetrate
the egg shell. The cleaning process
provides consumers with clean egg
surfaces not likely to promote
contamination of the egg by penetration
of bacteria through the intact shell or by
cross contamination upon cracking open
the egg for use.

Most modern egg washing machines
are spray-washers. The typical
continuous egg washer consists of three
stages: a wash chamber where the eggs
are washed with warm water and
detergent using moving brushes or high
pressure jets, a rinse chamber which
usually includes a sanitizing agent, and
a drying chamber.

If not done properly, washing can
contribute to microbial contamination of
the egg’s contents and may contribute to
increased spoilage rates. Organisms
have the potential to concentrate in the
recirculating wash water, and the liquid
can be aspirated into the egg through the
shell under certain conditions. In
particular, when wash water outside the
egg shell is colder than the eggs’
contents, as the eggs’ contents cool it
creates low pressure on the inside of the
egg shell that draws liquid outside the
shell into the egg through the shell’s
pores. This observation led to the USDA
egg grading requirement that wash water
be at least 20° F warmer than the eggs
being washed. Typically, U.S.
processors use a hot wash water (110—
120° F) to ensure temperatures hostile to
most organisms that may collect in the
wash water as well as to ensure that the
20° F egg-wash water temperature
difference is maintained even when
cleaning quite warm eggs, which are
common in in-line facilities. However,
the use of hot water damages or removes
the cuticle, which if left intact, helps
prevent bacterial contamination.

After washing, the eggs should be
quickly and completely dried to reduce
the risk that any bacteria remaining on
the surface of the eggs are aspirated into
the eggs as they cool to ambient
temperature. They must be handled
carefully thereafter to avoid
recontamination.

b. Transovarian Contamination of Egg
Contents With SE

The increase in SE outbreaks
associated with shell eggs in the 1970’s
and 1980’s raised suspicions of
transovarian contamination.1® This
mode of contamination was confirmed
by an experiment in which laying hens
were infected with SE and found to
produce eggs contaminated with the
same strain of SE.17 The site of infection
is usually the albumen near the yolk
membrane.

Based on USDA data, it can be
estimated that such transovarian SE
contamination occurs in about 1 out of
every 10,000 eggs produced in the U.S.
This prevalence is based on a model
applying data on the frequency of SE
positive eggs from infected flocks to an
estimation of the number of infected
flocks in the U.S. The frequency of
infected eggs in an infected flock can be
determined from USDA tests of eggs
produced by SE-positive flocks. The
number of positive flocks is based on
USDA'’s nationwide survey in 1995 of
SE in spent hens at slaughter and
unpasteurized liquid eggs at breaker
plants. Application of the model
resulted in a distribution of prevalences
ranging from 0.2 to 2.1 positive eggs per
10,000 with a mean of 0.9 positive eggs
per 10,000.18 The problem is
nationwide, although there are some
regional differences.1®

Although a prevalence of 1 in 10,000
seems low, it is significant in terms of
exposure. That frequency amounts to
about 4.5 million SE-contaminated eggs
annually in the U.S., exposing a large
number of people to SE.

Salmonellosis outbreaks commonly
occur when mishandling permits the SE
organisms to multiply and inadequate
cooking or mishandling during
preparation or service results in live
pathogens being ingested with the food.
However, the dose required to make a
person ill may vary with the individual.
The biggest factor in determining
whether illness occurs, and how severe
it may be, appears to be the age and
health of the person ingesting the
organisms.

4. Mitigating the Risk; Current Efforts

Mitigation of risks associated with SE
in eggs requires analysis of everything
in the food production-distribution-

consumption continuum from the farm
to table that might affect the likelihood
that consumers will become ill from SE
in eggs.

a. Production: Preventing Introduction
of SE Into Laying Flocks and From Hens
to Eggs

The Federal government has devoted
significant efforts to investigating and
controlling SE in laying hens. Between
1990 and 1995, USDA'’s Animal Plant
Health Inspection Service (APHIS)
conducted an SE control program (9
CFR Parts 71 and 82; 56 FR 3730;
January 30, 1991). Under that program,
APHIS restricted the movement of eggs
from flocks that tested positive for SE.
In cooperation with FDA, CDC, and
State authorities, eggs implicated in SE
outbreaks were traced back to their
farms of origin. If initial tests of manure
and egg transport machinery indicated
the presence of SE, the flock became a
“test flock.” Blood and internal organ
testing was done on the test flocks, and
if any were found positive, the flock was
designated “infected.” The eggs from
test and infected flocks could not be
sold as table eggs but could be sent to
processors for pasteurization, hard
boiling, or export. A flock’s status as a
“test”” or “‘infected” flock was not lifted
until extensive testing, including
additional tests of internal organs of
birds, detected no SE. Establishments
had to clean and disinfect the hen
houses before installing replacement
flocks.

In 1995, shortly after transfer of the
program from APHIS to FSIS, funding
for the entire program was removed
from the USDA’s 1996 appropriations.
FDA, which had worked closely with
APHIS on its tracebacks, assumed
responsibility for all aspects of
investigating outbreaks, tracing back
egg-associated SE illnesses to particular
producers/flocks, diverting eggs,
collecting flock data to help track the
spread of SE, encouraging better quality
control measures by producers, and
adoption by States of egg quality
assurance programs. State and county
health departments usually perform the
epidemiological investigations of
outbreaks.

The APHIS-sponsored National
Poultry Improvement Plan (NPIP), a
cooperative Federal-State program,
provides assistance to breeders and
hatchers on keeping birds free of egg-
transmitted diseases. In 1989, an SE
control program was developed to
reduce the prevalence of SE organisms
in hatching eggs and chicks.
Participants in the program follow
sanitation and other control procedures
at breeder farms and hatcheries. Forty-
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six SE-positive isolates have been found
since its inception, with a decline
evident in recent years. Only two were
found in 1995, and one in 1996.20

A third APHIS program resulted in a
variety of voluntary flock control
programs that appear to have had some
effect in reducing the numbers of
infected flocks. In 1992, in the wake of
APHIS tracebacks implicating flocks in
Pennsylvania, APHIS cooperated with
industry representatives, State
government officials, and academic
experts to develop a program to reduce
the prevalence of SE in laying hens. In
the Salmonella Enteritidis Pilot Program
(SEPP), flock owners purchased chicks
from hatcheries participating in the
NPIP program, imposed strict rodent
control measures, cleaned and
disinfected hen houses between flocks,
controlled feed, and implemented other
biosecurity measures. The program
relied on APHIS testing of
environmental samples to determine
positive flocks, and egg testing by
commercial laboratories when
environmental samples were positive.

In recent years, several other
voluntary programs for controlling SE in
shell eggs have been developed.
California’s Egg Quality Assurance Plan
calls for producers and processors to
apply current good manufacturing
practices and to implement risk
reduction measures for all hazards
throughout the production and
processing environments. The New
England Risk Reduction Program for SE
in eggs is being adopted by producers in
Maine and other northeast States.
United Egg Producers has developed a
“Five Star”’ program for its members,
which requires participants to ensure (1)
poultry house cleaning and disinfecting,
(2) rodent and pest elimination, (3)
proper egg washing, (4) biosecurity
measures, and (5) egg refrigeration
during transport and storage. UEP has
recently added testing provisions for
verification. The U. S. Animal Health
Association, a professional association
of veterinarians, developed
“Recommended Best Management
Practices for a SE Reduction Program for
Egg Producers,” guidelines intended for
use by producers without a State or
industry program. Other States are
working on egg quality programs, and
an increasing proportion of producers
seem to be adopting SE-control
programs.

Much remains unknown about how
SE infects flocks, and how the organism
contaminates eggs. USDA scientists
believe that among birds in an SE-
infected flock, only a small number are
shedding SE organisms at any given
time, and that an infected bird might

easily lay many normal,
uncontaminated eggs, only occasionally
laying an egg contaminated with SE.
There is speculation that the likelihood
of infection or the laying of
contaminated eggs also may be related
to factors other than environmental
conditions, such as the genetics of the
birds, the age of the birds, the site of
infection in the hen, and whether the
birds have been stressed (e.g., because of
molting).21 At this time, it may not be
possible to design an SE control
program that will remove all possibility
of egg-laying chickens producing SE
contaminated eggs. The agencies seek
comments on this issue.

b. Processing and Distribution:
Preventing Growth of SE in Eggs

In addition to the presence of SE in
shell eggs, many other factors may
influence the number and severity of
salmonellosis cases. Key factors are
pathogenicity and virulence of the
organism, the dose level, and the
numbers and susceptibility of the
people exposed. In general, the greater
the dose, the greater the chance that the
person ingesting it will become ill.

The likelihood of SE multiplying
depends primarily on the variables of
time and temperature, although other
factors such as the site of the egg
contamination and the presence in the
albumen of free iron also appear to play
a role.22 The site of contamination
normally is the albumen. Over time,
beginning after the egg is laid, the
albumen proteins break down,
ultimately rendering the albumen
watery and less viscous and reducing
the mechanical as well as the chemical
defenses against bacterial motility and
growth. At the same time, the yolk
membrane degrades and becomes more
porous. This degradation of the albumen
and yolk membrane permits bacteria to
reach the nutrient-rich yolk and
multiply. The rate at which this
degradation takes place relates to the
temperature of the egg, with degradation
delayed at cold temperatures and
occurring more rapidly at warm
temperatures.23

Studies of the growth of SE adjacent
to the yolk indicate that there are three
distinct phases in the growth curve of
SE in eggs. The first phase takes place
in the first 24 hours after lay, when the
pH of the albumen rises from about 7 to
about 9 and, it is suggested, the
bacterium have enough iron reserves of
their own to support about four
generations. Studies suggest the
numbers of salmonellae can increase
about 10-fold during that initial phase,
before entering a lag phase during
which numbers remain fairly constant.

The length of that lag phase is largely
temperature-dependent, and its end, the
beginning of the third phase, is signaled
by penetration of the yolk membrane by
the bacteria and re