
Salmonella enterica serotype Enteritidis emerged as an
important illness during the 1980s. Investigations showed
that consumption of undercooked eggs was the major risk
factor for disease, and a variety of prevention and control
efforts were initiated during the 1990s. We describe spo-
radic infections and outbreaks of S. Enteritidis in the United
States from 1985 through 1999 and discuss prevention and
control efforts. After reaching a high of 3.9 per 100,000 pop-
ulation in 1995, S. Enteritidis infections declined to 1.98 per
100,000 in 1999. While the total number of outbreaks
decreased by half, those in the western states tripled.
Outbreaks of S. Enteritidis phage type 4 infections account-
ed for 49% of outbreaks in 1999. Outbreak-associated
deaths in health facilities decreased from 14 in 1987 to 0 in
1999. Overall, rates of sporadic S. Enteritidis infection, out-
breaks, and deaths have declined dramatically. For further
reductions, control measures should continue to be applied
along the entire farm-to-table continuum. 

Salmonella enterica serotype Enteritidis is one of the
most common Salmonella serotypes worldwide, partic-

ularly in developed countries. During the 1980s, S.
Enteritidis emerged as an important cause of human illness
in the United States. In 1976, the incidence of S. Enteritidis
was 0.55 per 100,000 population and represented only 5%
of all Salmonella isolates. By 1985, this proportion
reached 10%, and the rate increased to 2.4 per 100,000
population (1). During the same time, total Salmonella
infection rates rose from 10.7 per 100,000 in 1976 to 24.3
in 1985. The highest rates of S. Enteritidis were seen in the
Northeast, although rates in the western region also
increased during this time. 

The number of outbreaks of S. Enteritidis infection also
increased during the 1980s (2), particularly in the north-
eastern United States. Laboratory subtyping of S.
Enteritidis isolates from outbreaks indicated that phage
types (PT) 8 and 13a were the most common phage types
in the United States (3). Although PT4 was common in

Europe, where it coincided with a large increase in S.
Enteritidis infections (4,5), it was seen in the United States
only among persons with a history of foreign travel. 

Case-control studies of sporadic S. Enteritidis infec-
tions and outbreaks demonstrated that shell eggs were the
major risk factor for disease (2,6,7). After the implicated
eggs were traced back to the farm of origin, microbiologic
surveys showed S. Enteritidis of the same phage type that
caused human cases to be present in the farm environment
of egg-layer poultry flocks (8–10). Studies showed that the
internal contents of eggs can be contaminated with S.
Enteritidis (11,12), and this contamination has been identi-
fied as a major risk factor in the emergence of human ill-
ness. To reduce S. Enteritidis in eggs, on-farm prevention
and control measures and quality assurance programs were
initiated in the early 1990s. Education of consumers and
food workers regarding the risks of consuming raw or
undercooked eggs was also begun, with special emphasis
on high-risk populations such as the elderly, children,
pregnant women, and others with weakened immune sys-
tems. Restaurants and health institutions were encouraged
to avoid pooling eggs, to use pasteurized egg product, and
to avoid raw egg recipes. Requirements for refrigeration
during distribution and storage were increased. 

We examined  trends in S. Enteritidis infection in the
United States from 1985 through 1999 based on surveil-
lance data for sporadic infections and outbreaks reported to
the Centers for Disease Control and Prevention (CDC). We
describe prevention and control efforts and suggest a plan
for further reduction of S. Enteritidis infections. 

Methods
The CDC National Salmonella Surveillance System is a

laboratory-based passive system that was developed in
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1976. In 1994, most states began reporting cases electron-
ically to this system through the Public Health Laboratory
Information System (13). Annual S. Enteritidis isolation
rates per 100,000 population were calculated for each state
and region of the United States by using 1976–1999
Census data. 

Before 1985, reports of S. Enteritidis outbreaks were
collected through the National Foodborne Disease
Outbreak Surveillance System. In response to a growing
number of outbreaks and the need for timely follow-up,
CDC began the S. Enteritidis Outbreak Reporting System
in 1985. This system encouraged officials from state and
local health departments to report outbreaks as soon as
they occurred. At the end of each year, epidemiologists
from state health departments were asked to verify the
information that CDC had received and to send written
reports of additional outbreaks. An outbreak of S.
Enteritidis infection was defined as >2 cases of laboratory-
confirmed S. Enteritidis infection in persons who ingested
a common food, or one culture-confirmed case with addi-
tional cases meeting a clinical definition of illness and S.
Enteritidis isolated from a food specimen. Other informa-
tion collected about each outbreak included the city, coun-
ty, state, location where the food was prepared, and loca-
tion where the food was consumed. The total number of
outbreak-associated cases included all symptomatic per-
sons with either culture-confirmed or epidemiologically
linked infection. 

Outbreak-associated foods were considered to be con-
firmed vehicles of transmission if 1) they were statistical-
ly implicated in an epidemiologic study, 2) S. Enteritidis
was isolated from leftover foods, or 3) if the food item was
the only food consumed by all ill persons (this occurred in
<10 outbreaks). If eggs were implicated or were a primary
ingredient in the implicated food, the outbreak was classi-
fied as egg-associated. 

A subset of isolates from patients, food workers, impli-
cated foods and farm specimens associated with outbreaks
were phage typed at CDC and the U.S. Department of
Agriculture (USDA) using a technique described by Ward
et al. (14). Regions of the United States were defined as
follows: Northeast—Connecticut, Maine, Massachusetts,
New Hampshire, New Jersey, New York, Pennsylvania,
Rhode Island, and Vermont; Midwest—Illinois, Indiana,
Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska,
North Dakota, Ohio, South Dakota, and Wisconsin;
South—Alabama, Arkansas, Delaware, the District of
Columbia, Florida, Georgia, Kentucky, Louisiana,
Maryland, Mississippi, North Carolina, Oklahoma, South
Carolina, Tennessee, Texas, Virginia, and West Virginia;
and West—Alaska, Arizona, California, Colorado, Hawaii,
Idaho, Montana, Nevada, New Mexico, Oregon, Utah,
Washington, and Wyoming.

Results

National Salmonella Surveillance Data
In the late 1980s and early 1990s, the proportion of

Salmonella isolates that were S. Enteritidis continued to
rise, and in 1994, it became the most common Salmonella
serotype in the United States, representing 26% of all
Salmonella isolates. Since then, however, the proportion
has steadily decreased, reaching 16% in 1999.

The S. Enteritidis incidence rate increased from 2.38
per 100,000 population in 1985 to 3.9 per 100,000 in 1995.
Since then, there has been a decline of 49%, to 1.98 per
100,000 in 1999 (Figure 1). This decline mirrors that of
total Salmonella infections, which fell 51% to 12.0 per
100,000 in 1999. Rates of S. Enteritidis infection in the
Northeast showed the greatest change, increasing from
6.39 per 100,000 in 1985 to 10.2 in 1989 and then drop-
ping 63% to 3.8 per 100,000 in 1999 (Figure 1). Rates in
the West rose from 0.87 per 100,000 in 1985 to 5.6 per
100,000 in 1994, and then fell to 2.2 per 100,000 in 1999,
a decline of 61%. Rates in the Midwest rose from 1.81 per
100,000 in 1985 to 3.1 in 1997 and then decreased to 1.7
in 1999, while the rate in the South rose from 1.22 per
100,000 in 1985 to 1.85 in 1990, and then fell to 1.04 in
1999.

Outbreak Surveillance
From 1985 through 1999, a total of 841 outbreaks of S.

Enteritidis infection were reported to CDC, affecting resi-
dents of 43 states, the District of Columbia, and Puerto
Rico (Figure 2). The number of reported outbreaks
increased from 26 in 1985 to 85 in 1990. Since 1990, out-
breaks have declined 48%, to 44 in 1999. Reported out-
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Figure 1. Salmonella Enteritidis isolation rates per 100,000 popu-
lation, by selected regions,* United States, 1976–1999.
*Northeast: Connecticut, Maine, Massachusetts, New Hampshire,
New Jersey, New York, Pennsylvania, Rhode Island, Vermont;
Midwest: Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota,
Missouri, Nebraska, North Dakota, Ohio, South Dakota,
Wisconsin; South: Alabama, Arkansas, Delaware, District of
Columbia, Florida, Georgia, Kentucky, Louisiana, Maryland,
Mississippi, North Carolina, Oklahoma, South Carolina,
Tennessee, Texas, Virginia, West Virginia; and West: Alaska,
Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada,
New Mexico, Oregon, Utah, Washington, Wyoming.



breaks affected 29,762 persons; 2,904 (10%) were hospi-
talized (range 4%-21%), and 79 (0.3%) patients died
(range 0%-0.9%) (Table 1). The median number of cases
per outbreak decreased from 24 in 1985 to 10 in 1998. 

Although the total number of outbreaks of S. Enteritidis
infection declined from 1985 to 1999, regional rates have
shifted dramatically. In the Northeast region, outbreaks
decreased from 21 (81%) of 26 outbreaks in the United
States in 1985 to 9 (20%) of 44 outbreaks in 1999 (Figure
3). Conversely, outbreaks in the Western region increased
from 0 in 1985 to 22 (50%) of 44 outbreaks in 1999. Most
of these outbreaks occurred in California, where the per-
centage of outbreaks increased from 0 in 1986 to 16 (73%)
of the 22 Western region outbreaks in 1999. The percent-
age of outbreaks in the Midwestern region averaged 9%
(range 0%-35%), while the percentages of outbreaks in the
South averaged 10% (range 9%-31%).

Outbreak Settings
Five hundred twenty-two (62%) outbreaks of S.

Enteritidis infection were associated with food prepared at
commercial food establishments (restaurants, caterers, del-
icatessens, bakeries, cafeteria, or market), 112 (13%) were
associated with food prepared in a private home, 55 (7%)
with food prepared at schools or churches, and 20 (2%)
with food served in prisons. Forty-three (5%) outbreaks
involved foods prepared at other locations, such as camps,
cruise ships, workplace, shelter, festivals, or an unknown
location. Eighty-nine (11%) outbreaks involved food
served to residents of hospitals or nursing homes. 

Of 79 outbreak-associated deaths, 65 (82%) were
among persons in healthcare facilities (55 deaths in nurs-
ing or extended-care homes and 10 deaths in hospitals)
(Table 1). Deaths in healthcare facilities decreased from 14
in 1987 to 0 in 1994, 1996, 1997, and 1999 (Figure 4).
Overall, the outbreak-associated case-fatality rate in
healthcare institutions was 3% (range 0%-9% per year),
higher than the average case-fatality rate of 0.3% for all
outbreaks. The proportion of outbreaks occurring at
healthcare institutions between 1992 and 1999 ranged
from 2% to 14%, noticeably lower than the 11%-23% of
outbreaks occurring at these facilities from 1985 through
1991.  

Outbreak Vehicles
A food item was implicated in 389 (46%) outbreaks of

S. Enteritidis infection from 1985 through1999; in 86
(22%) of these, more than one food item was implicated.
Of the 371 outbreaks for which information was available,
298 (80%) were egg associated. This proportion ranged
from 10 (71%) of 14 in 1985 to 19 (95%) of 20 in 1997
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Figure 2. Reported outbreaks of Salmonella Enteritidis, by state,
1985–1999 (N = 841). Includes two multistate outbreaks.

Table 1. Foodborne outbreaks of Salmonella serotype Enteritidis infection, United States, 1985–1999  
 All outbreaks (N = 841) Outbreaks in healthcare facilitiesa (N = 89) 

Y No. outbreaks No. ill 
Median no. 

 cases No. hosp. (%) No. deaths (%) No. outbreaks No. ill No. hosp. (%) No. deaths (%) 
1985 26 1,159 24.0 144 (12) 1 (.08) 3 (12) 55 10 (18) 1 (2) 
1986 47 1,444 12.0 107 (7) 6 (.4) 7 (15) 105 10 (10) 5 (5) 
1987 58 2,616 17.5 557 (21) 15 (.6) 8 (14) 489 391 (80) 14 (3) 
1988 48 1,201 12.5 155 (13) 11 (.9) 7 (15) 131 2 (2) 9 (7) 
1989 81 2,518 23.0 206 (8) 15 (.6) 19 (23) 505 34 (7) 13 (3) 
1990 85 2,656 18.0 318 (12) 3 (.1) 12 (14) 303 22 (7) 3 (1) 
1991 74 2,461 15.0 200 (8) 5 (.2) 8 (11) 118 6 (5) 4 (3) 
1992 63 2,348 13.0 233 (10) 4 (.2) 2 (3) 42 2 (5) 2 (5) 
1993 66 2,215 16.5 219 (10) 6 (.3) 5 (8) 56 4 (7) 4 (7) 
1994 51 5,492 14.0 214 (4) 0 0 0 0 0 
1995 56 1,312 12.0 113 (9) 8 (.6) 8 (14) 156 21 (13) 7 (4) 
1996 47 1,414 12.0 158 (11) 2 (.1) 3 (6) 64 9 (14) 0 
1997 46 1,102 13.0 124 (11) 0 1 (2) 13 1 (8) 0 
1998 49 744 10.0 93 (13) 3 (.4) 3 (6) 32 6 (19) 3 (9) 
1999 44 1,080 15.0 63 (6) 0 3 (7) 12 5 (42) 0 
Total 841 29,762 15.0 2,904 (10) 79 (.3) 89 (11) 2,081 523 (25) 65 (3) 
aN = 841. 
bIncludes hospitals (hosp.) (14), nursing/extended care homes (69), assisted/independent living facilities (2), and drug/alcohol rehabilitation facilities (4). 



(Table 2). Of outbreaks caused by a single vehicle for
which information was known, 243 (83%) of 294 were
egg-associated, as were 55 (71%) of 77 outbreaks in which
more than one food item was implicated.

Among single foods implicated in egg-associated out-
breaks, 67 (28%) of 243 were foods that contained raw
eggs (e.g., homemade ice cream, Caesar salad dressing,
tiramisu, egg nog). Sixty-five (27%) of the outbreaks
implicated traditional egg dishes such as omelets, French
toast, pancakes, and foods that use egg batter, such as crab
cakes, chiles rellenos, egg rolls, and Monte Cristo sand-
wiches. Sixty-three (26%) outbreaks implicated dishes
known to contain eggs, such as lasagna, ziti, and stuffing,
which would have been expected to have been fully
cooked but probably did not reach temperatures sufficient
to kill S. Enteritidis. Thirty-six (15%) outbreaks implicat-
ed egg dishes that were “lightly cooked” (e.g., hollandaise
sauce, meringue, cream pies). The food vehicles in 12
(5%) outbreaks were reported to contain eggs but could not
be classified because information on how the dishes were
prepared was not provided. 

Seventy-three (20%) of the 371 confirmed outbreaks
for which information was provided involved vehicles that
did not contain eggs. Twenty (27%) of these outbreaks
were associated with poultry (chicken or turkey), 8 (11%)
with beef, and 6 (8%) with foods containing shrimp (3 out-
breaks), bologna (1), pork (1), and pepper loaf (1). Other
implicated foods included potatoes (3), beans (3), desserts
(3), salad (3), macaroni and cheese (1), cheese sauce (1),
goat cheese (1), chili (1), and a pureed diet (1). In 22 (30%)
of the non–egg-associated outbreaks, more than one food

was implicated. In four of these outbreaks, cross-contami-
nation with raw eggs was suspected.

Phage Types
From 1988 through 1999, isolates from 455 outbreaks

were submitted to CDC for phage typing. A single phage
type was implicated in 436 (96%) of these outbreaks; 186
(43%) were caused by PT8, 96 (22%) by PT13a, and 64
(15%) by PT4. Other phage types included PT13 (20 out-
breaks), PT34 (14 outbreaks), PT2 (13 outbreaks), and
PT14b (9 outbreaks). Phage types differed by geographic
region. In the Northeast and South, PT8 was the most com-
mon cause of S. Enteritidis outbreaks, followed closely by
PT13a. Both PT8 and PT13a were common in the
Midwest, while PT4 was predominant in the Western
region.

The predominant phage types associated with S.
Enteritidis outbreaks changed from 1988 through 1999.
The proportion of outbreaks caused by PT8 and PT13a has
decreased, while PT4 outbreaks have increased (Figure 5).
In 1993, PT4 accounted for 2 (4%) of 47 S. Enteritidis out-
breaks, while in 1999, PT4 represented 17 (49%) of 35 S.
Enteritidis outbreaks and was the most common phage
type. Most PT4 outbreaks were in the Western region; 52
(81%) of the 64 S. Enteritidis PT4 outbreaks reported from
1993 through 1999 occurred in California.

Hospitalization and death rates did not differ by phage
type. For all years combined, hospitalization rates were
180 (9%) per 1,899 cases in PT4 outbreaks, 694 (10%) per
6,910 cases in PT8 outbreaks, and 267 (12%) per 2,281
cases in PT3a outbreaks. Death rates were not statistically
different among phage types: 0.16% in PT4 outbreaks,
0.38% in PT8 outbreaks, and 0.26% in PT13a outbreaks.

Discussion
After a rapid increase in S. Enteritidis infection rates

during the 1980s, the rate of sporadic cases and number of
outbreaks declined overall. Evidence of this decline has
been demonstrated through passive surveillance for spo-
radic cases identified through the national Salmonella sur-
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Figure 3. Salmonella Enteritidis outbreaks by region, United
States, 1985–1999. Northeast: Connecticut, Maine,
Massachusetts, New Hampshire, New Jersey, New York,
Pennsylvania, Rhode Island, Vermont; Midwest: Illinois, Indiana,
Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North
Dakota, Ohio, South Dakota, Wisconsin; South: Alabama,
Arkansas, Delaware, District of Columbia, Florida, Georgia,
Kentucky, Louisiana, Maryland, Mississippi, North Carolina,
Oklahoma, South Carolina, Tennessee, Texas, Virginia, West
Virginia; and West: Alaska, Arizona, California, Colorado, Hawaii,
Idaho, Montana, Nevada, New Mexico, Oregon, Utah,
Washington, Wyoming.

Figure 4. Deaths associated with outbreaks of Salmonella
Enteritidis infections in healthcare facilities, 1985–1999 (N = 64).



veillance system and the number and size of S. Enteritidis
outbreaks that occurred throughout the United States.
Success has been regional, with the greatest reductions
occurring in the Northeast. One of the most notable fea-
tures of this decline has been a reduction in the number of
outbreaks of S. Enteritidis infection and outbreak-associat-
ed deaths occurring in hospitals and nursing homes during
the 1990s. Although the exact reason for the overall
decline in infections and outbreaks has not been proven,
the many prevention and control measures implemented
throughout the 1990s likely played a role. These measures
include tracebacks, on-farm testing, quality assurance pro-
grams, regulations regarding refrigeration, educational
messages for safe handling and cooking of eggs, and
enhanced surveillance. 

Tracebacks have been important in identifying farms
associated with outbreaks and in tracing the spread of S.
Enteritidis. A study of tracebacks completed in response to
egg-associated outbreaks in the early 1990s showed that S.
Enteritidis was isolated from the environment of all 14
implicated flocks tested (9). Diversion of eggs from S.
Enteritidis–positive farms to pasteurization or hard-cook-
ing facilities has also shown to be an effective strategy in
reducing the number of human cases (10). 

Quality assurance programs, first implemented in the
Northeast in the early 1990s, have been essential in moni-
toring and controlling the spread of S. Enteritidis. A USDA
survey found that 56% of egg-layer farms in 15 states par-
ticipated in a quality assurance program and that the num-
ber of farms routinely testing for S. Enteritidis had
increased from 16% in 1994 to 58% in 1999 (15). Other
important on-farm interventions include flock-based con-
trol methods such as purchasing replacement chicks from

S. Enteritidis–negative breeders, switching to a more S.
Enteritidis–resistant breed of layer flock, and/or the use of
vaccines in commercial pullet flocks.

Ensuring that eggs are fresh and that they are transport-
ed and stored properly are crucial steps in reducing illness.
A risk assessment estimated that refrigerating eggs imme-
diately after packing or laying could reduce S. Enteritidis
illness by 8% and 12%, respectively (16). In August 1999,
the USDA issued regulations stating that eggs packed for
the consumer be stored and transported at a temperature of
no higher than 45°F (7.2°C) and that containers for con-
sumers be labeled to indicate that refrigeration is required
(17). A 2000 Food and Drug Administration (FDA) rule
also requires refrigeration of eggs offered for sale at retail
stores (18). In addition, 17 states required an expiration or
“sell-by” date on egg cartons in 1999 (19). Additional
measures, such as in-shell egg heat pasteurization and irra-
diation, are currently available, although the effects of
these on preventing human infections have not yet been
measured. 

Consumers and food service workers can prevent many
human infections by handling and cooking eggs properly.
A recent FDA rule requires that a safe handling statement
be put on all cartons of shell eggs that have not been treat-
ed to destroy Salmonella (20). This statement explains that
illness from bacteria can be prevented by keeping eggs
refrigerated, by cooking eggs until the yolks are firm, and
by thoroughly cooking egg-containing foods. The FDA
Model Food Code advises against pooling of eggs and rec-
ommends that pasteurized eggs or egg products be substi-
tuted for raw shell eggs in the preparation of foods that are
not cooked (21). The decrease in healthcare-associated
deaths may be a response to the reduction in pooling of
eggs, more widespread use of pasteurized eggs, and the
increased education of food workers in these facilities.
This decline shows that cases of S. Enteriditis infection
were prevented in persons at highest risk for serious com-
plications from S. Enteritidis infection, in particular, the
elderly and persons with weakened immune systems. 
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Table 2. Reported outbreaks of Salmonella Enteritidis infection 
with confirmed vehicle that contained eggs as a principal 
ingredient, by year 
 

No. of 
outbreaks 

Outbreaks with 
confirmed vehicle 

No. (%) 

Outbreaks with a 
confirmed vehicle that 

contained eggs 
No. (%) 

1985 26 14 (54) 10 (71) 
1986 47 22 (47) 15/20 (75) 
1987 58 28 (48) 21/24 (88) 
1988 48 25 (52) 20/24 (83) 
1989 81 30 (37) 19/28 (68) 
1990 85 30 (35) 24/30 (80) 
1991 74 29 (39) 20/26 (77) 
1992 63 35 (56) 31/33 (94) 
1993 66 40 (61) 31 (78) 
1994 51 29 (57) 22 (76) 
1995 56 22 (39) 15 (68) 
1996 47 26 (55) 21/25 (84) 
1997 46 22 (48) 19/20 (95) 
1998  49 18 (37) 15/17 (88) 
1999 44 19 (43) 15 (79) 
Total 841 389 (46) 298/371 (80) 

Figure 5. Frequency of outbreaks of Salmonella Enteritidis infec-
tion, by phage type (PT), United States, 1988–1999 (N = 346).
Phage types were not collected until 1988.



Continued surveillance and outbreak investigations
may help identify new vehicles of S. Enteritidis infection.
Although a known risk factor in Europe, poultry has not
previously played a large role in such infections in the
United States. Our surveillance showed that in outbreaks
with a known vehicle that did not contain eggs, poultry
was the most common food vehicle. A study of sporadic S.
Enteritidis infections in the United States implicated chick-
en as a risk factor for S. Enteritidis illness (22). In addition,
a USDA survey of large production facilities that use
Hazard Analysis and Critical Control Points (HACCP)
plans found S. Enteritidis on 2.4% of broilers at slaughter
(23). In 2000, sprouts and unpasteurized juice were identi-
fied as food vehicles in two S. Enteritidis outbreaks (CDC,
unpub. data). These findings suggest that “new” vehicles
may begin to play a larger part in future outbreaks.

Phage typing has proved to be a useful method for mon-
itoring the spread of various strains in the United States
over time. The appearance of S. Enteritidis PT4 in Europe
led to a dramatic increase in the number of human S.
Enteritidis infections. In the United States, PT8 and PT13a
were the predominant phage types during the 1980s, and S.
Enteritidis PT4 was not associated with domestically
acquired S. Enteritidis infections. In 1993, the first U.S.
outbreak of S. Enteritidis PT4 infection occurred in Texas
(24), and over the next 3 years, PT4 caused human illness
in California, Utah, Nevada, Arizona, and Hawaii. The
introduction of PT4 in Utah caused a five-fold increase in
human S. Enteritidis cases within 6 months (25). This par-
alleled the introduction of S. Enteritidis PT 4 into southern
California in 1994, where it also caused a substantial
increase in human illness (7). Since then, the number of
outbreaks in the Pacific region has increased greatly. S.
Enteritidis PT 4 has also been isolated from eggs and the
farm environment of laying flocks implicated as sources
for human outbreaks (25). Despite the increase in cases
and outbreaks caused by PT4, severity of disease does not
appear to be increasing. Hospitalization and death rates
seen in PT4 outbreaks do not differ from those of other
phage types. Understanding the spread of S. Enteritidis
PT4 and other emerging phage types may give new clues
to the prevention of human illness. 

Despite these declines in S. Enteritidis infection, much
more remains to be done. Cases of infection identified
through outbreak investigations represent only a small
fraction of reported infections. It is estimated from
FoodNet4 data that for every case of S. Enteritidis infection
identified as many as 37 go unrecognized (D. Voetsch et al,
unpub. data). So, in 1999, as many as 200,000 cases may
have occurred, of which only 5,343 were reported to CDC
(1). To return to the 1976 baseline rate of 0.55 S.
Enteritidis infections per 100,000 persons, a further 72%
reduction in reported infections is required. A risk assess-

ment conducted by USDA suggests that a broad-based pol-
icy is likely to be more effective in eliminating egg-asso-
ciated S. Enteritidis illness than a policy directed solely at
one stage of the continuum from egg production to con-
sumption (16). To meet the challenge of further reducing
such infections, the President’s Council on Food Safety
announced an Egg Safety Action Plan on December 10,
1999, with the interim goal of reducing egg-associated S.
Enteritidis illnesses by half by 2005 and eliminating them
by 2010 (26). The plan calls for cooperation between
industry, regulatory agencies, and local, state, and federal
officials to implement specific controls along the entire
farm to table continuum. 

Conclusion
The incidence of S. Enteritidis illness and the number

of such outbreaks in the United States have decreased by
almost 50% between the mid-1990s and 1999. The most
dramatic changes were the decrease in the number of out-
breaks seen in the Northeast and the reduction in numbers
of outbreaks and S. Enteritidis–associated deaths in hospi-
tals and nursing homes. Although the exact mechanism
behind these decreases has not been explained, the reduc-
tions were likely a result of intervention programs along
the farm-to-table chain. Despite these accomplishments,
more work needs to be done. Further success will be meas-
ured by our ability to consistently apply and successfully
monitor S. Enteritidis prevention and control measures
along the entire farm-to-table continuum.

Ms. Patrick is an epidemiologist with the DeKalb Country
Board of Health, Decatur, Georgia, USA. Her research interests
include infectious disease epidemiology and international health.
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