
Shiga Toxin–Producing Escherichia coli (STEC)
O157:H7 and Romaine Lettuce: Source Labeling,
Prevention, and Business

From May to November most

romaine lettuce shipments in

the United States come from

California’s Central Coast re-

gion, whereas from December

to April most come from the

Yuma, Arizona, region. During

2017–2018, the 3 outbreaks

of Shiga toxin–producing Escher-

ichia coli (STEC) O157:H7 in US

romaine lettuce all occurred at

the tail end of a region’s pro-

duction season. During the fall

2018 outbreak, the US Food

and Drug Administration (FDA)

recommended that suppliers

begin labeling romaine pack-

aging so that consumers can

identify the product’s harvest

region.

We used publicly available

data to show that labels may

not avert many illnesses in fu-

ture outbreaks but may reduce

suppliers’ financial losses and

reduce food loss.

Market data available during

both 2018 outbreak investiga-

tions showed that therewas no

romaine production from one

of the 2 regions when the first

illness onset occurred. That is,

at the beginning of an outbreak

investigation, market data may

allow the FDA to quickly rule

out an entire production region

as a source of contamination.
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322–328. doi:10.2105/AJPH.
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Health and safety officials
in the United States are

charged with keeping consumers
safe from foodborne pathogens.
Most of the estimated 9.4 million
foodborne illnesses from known
pathogens that occur annually in
theUnited States are sporadic and
not associated with an outbreak.
Generally in these cases, the food
sources are unknown and there is
no practical way to determine the
cause behind an individual illness.
Conversely, outbreaks are cases
inwhich2ormorepeoplebecome
sick from the same illness from
the same food. Commonalities in
food consumption among those
who fall ill raise the possibility of
finding the contaminated food.
During the 2009 to 2015 period,
there were approximately 800
foodborne illness outbreaks each
year in the United States.1 These
outbreaks accounted for approxi-
mately 15 000 illnesses, 800 hos-
pitalizations, and 20 deaths.

Mitigating the effects of a
foodborne illness outbreak is a
challenging public health issue.
Health and safety officials are
expected tofind the contaminated
food within the supply chain and
consumers’ homes as soon as
possible, which requires that they
solve a pair of practical problems:
they must recognize that an out-
break is occurring and then must
identify the food that is causing
the outbreak. Both problems have
to be solved before a single illness
or death can be averted.

Speed and reliability are critical
in preventing illness and death,
especially when it comes to fresh
produce. However, the informa-
tion available to the US Food and
Drug Administration (FDA) is
usually old by the time an out-
break is identified because it takes
2 to 3 weeks from when a person
consumes contaminated food to
when the Centers for Disease
Control and Prevention (CDC)
identifies the person’s illness as
part of a larger outbreak.2 This
gap between when illnesses occur
andwhen the FDA starts to gather
information makes traceback—
identifying the food vector—
difficult because consumers have
trouble recalling what they ate
near the timeof their illness onset.3

Often, the tradeoff for speed is
reliability. Should officials iden-
tify a food as contaminated when
epidemiological studies, labora-
tory results, and traceback are all
complete and scientifically defen-
sible? Or should they make rec-
ommendations to avoid a food
when the information at hand
plausiblypoints to aparticular food,
knowing that the recommenda-
tion may later be proven wrong?

Making a recommendation
quickly could prevent some
illnesses and deaths. If the re-
commendation turns out to be
wrong, however, no illnesses will
be averted and producers and
marketing firms that are blame-
less may incur economic damage,
as occurred in 1996 with straw-
berries or in 2008 with toma-
toes.4–6 Between 2009 and 2015,
investigators were able to identify
the foods that caused outbreaks
in only 42% of cases.1 That is,
most outbreaks have not yielded
enough information for investi-
gators to determine the cause.
Even in cases in which the FDA is
able to identify the source of the
outbreak and communicate
details to the public, research
suggests that not all consumers
receive the public health warn-
ings, nor do all of those who
receive warnings act on them.7

In the United States, leafy
greens are the fifth most com-
monly consumed vegetable and
are commonly consumed raw.8

From 1988 to 2018, the amount
of leafy greens consumed per
capita quadrupled.9 Also, leafy
greens have been identified as
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a source of foodborne illness
outbreaks since 1988.10 In recent
years, the number of studies
examining how Shiga toxin–
producing Escherichia coli (STEC)
contaminates leafy greens have
dramatically increased.11–17 The
growing and intense interest re-
garding STEC and leafy greens is
attributable in part to the dispro-
portionate number of illnesses and
outbreaks associated with leafy
greens. After an unprecedentedly
large STEC outbreak in 2006
linked to spinach, the leafy greens
industry (collectively and without
direct federal intervention) estab-
lished the California and Arizona
Leafy Greens Marketing Agree-
ments to implement measures to
address safety concerns. Even so,
from 2007 to 2017, the CDC
identified 40 outbreaks of STEC
linked to leafy greens (including
lettuce and spinach).18

During 2017 and 2018 in the
United States and Canada, there
were 3 multistate, multinational
foodborne illness outbreaks of
STEC O157:H7 associated with
the consumption of romaine
lettuce. These outbreaks, which
occurred in fall 2017, spring
2018, and fall 2018, led to a total
of 376 illnesses, 158 hospitaliza-
tions, and 7 deaths.19–24 In 2 of
the 3 outbreaks, the contaminated
production region was identified
but the FDA and the CDC were
unable to definitively trace the
contamination back to a specific
farm or harvest date. Members of
the public were advised not to
consume romaine lettuce, and in 2
cases the FDA requested that all
romaine lettuce on the market
(including in restaurants and other
commercial establishments) be
withdrawn and discarded.25

During the fall 2018 outbreak,
the FDA recommended that
suppliers and distributors label
lettuce packages with a harvest
location (e.g., Yuma, Arizona, or
California’s Central Coast) and

harvest date or indicate whether
the lettuce was hydroponically
or greenhouse grown. Retailers
were directed to use in-store
signage when labels were not
an option (e.g., for unwrapped
whole heads of romaine lettuce).

In a review of historically
important outbreaks, Goodman
et al. identified “the need for
fostering collaborative efforts
beyond those of traditional
public health” and “enhancing
diagnostic and technological
tools” to allow better responses
“to events when information is
insufficient for initiating control
measures.”26(p1080) Here we ad-
dress that need by investigating
whether the structured schedule
of production of romaine lettuce
in the United States can help
outbreak investigators identify
the source of contaminated let-
tuce more quickly and whether
newly required labeling of pro-
duction sources and harvest dates
can be used to prevent illness and
reduce economic loss.

METHODS
We obtained publicly avail-

able data on daily US romaine
lettuce shipments at international
and national ports between 2013
and 2018 from the US Depart-
ment of Agriculture’s Agricultural
Marketing Service Web site.27

Included were all shipments via
rail, truck, and air reported by rail
carriers as well as federal market-
ing orders, administrative com-
mittees, federal or state inspection
services, and shippers.

Using the statistical software
R (version 3.5.1),28we calculated
the daily average number of
shipments during the 6-year pe-
riod (2013–2018) for each region
and then calculated the 7-day
moving average of these 6-year
daily averages as the mean of the
period spanning 3 days before

and 3 days after each date. We
estimated a 95% confidence in-
terval surrounding each daily
average shipment using the stan-
dard deviation observed at that
date over the 6 years of data. We
placed a lower bound on the
confidence interval at zero.For the
period 2013–2018, we calculated
the 7-day moving average share
of shipments of romaine lettuce
originating from California’s
Central Coast; Yuma, Arizona;
and other locations that were not
implicated in the 3 most recent
romaine outbreaks (i.e., other
regions of California and Arizona
as well as Florida and imports
from Canada and Mexico).

We obtained information on
26 outbreaks and 644 illnesses
associated with romaine lettuce
between 1998 and 2017 by
formally requesting National
Outbreak Reporting System
(NORS) data (maintained by the
CDC) on foodborne outbreaks
since 1998 in which romaine
lettucewas the implicated food.18

Information provided in the re-
ports on the 3 outbreaks and 376
illnesses associated with romaine
lettuce in 2017–2018 published
by the Public Health Agency of
Canada (PHAC) and the CDC
(and not included in NORS) was
appended to the NORS data19–24

(Appendix Table A, available as
a supplement to the online ver-
sion of this article at http://
www.ajph.org). We tabulated
the total number of outbreaks
by type of pathogen beginning in
eachmonth of each year between
1998 and 2018.

For the 3 most recent STEC
O157:H7 outbreaks associated
with romaine lettuce, we col-
lected information on the dates of
onset for the first and last illnesses
from the publicly available inci-
dent reports provided by the
CDC. Information on dates of
when the FDA was first notified
about the outbreak and when the

agency made public health an-
nouncements was collected from
FDA investigation reports.29–31

We used this information to
summarize each event’s timeline,
including the first illness onset,
the outbreak investigation, and
the end of each outbreak. We
combined this information with
the data on daily US romaine
lettuce shipments reported by the
Agricultural Marketing Service.

RESULTS
US romaine shipments display

a consistent seasonal pattern.
Combining shipment data with
dates of illness onset can allow
investigators to rule out major
production regions as the source
of illness during an outbreak.

Split and Seasonal
Shipments

US romaine shipments have
been split and seasonal between 2
production regions. During the
past 6 years, from about May
through November, romaine
lettuce originated predominantly
from California’s Central Coast
(Figure 1). During that time, no
production occurred in Yuma,
Arizona. Production shifted
quickly to Yuma, Arizona, each
November, with Yuma pro-
duction predominantly serving
the market through March.
Another rapid shift back to
California’s Central Coast oc-
curred each April. Outside of this
pair of 1-month-long transition
periods, the dominant region
made up about 75% of shipments;
the other 25% of shipments came
from other areas in the United
States, Mexico, or Canada.

Outbreaks Often
Precede Transitions

Historically, outbreaks linked
to romaine have occurred
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disproportionately just before the
transition from one production
region to another. From 1998
to 2018, foodborne illnesses
and outbreaks associated with

romaine lettuce occurred most
frequently during March, April,
September, and October (Figure
2), the times of year when ro-
maine production begins to shift

from one region to another.
STEC illness counts (STEC
O157:H7 is included among
other strains) peak in April and
October.

Ruling Out Production
Regions

Shipment and outbreak
timeline analysis indicates how
market data can be used to
identify potential outbreak
sources. During the week prior
to the day the first reported
illness began in the fall 2017
outbreak—November 5, 2017—
15% of romaine shipments
came from Yuma, Arizona, and
58% came from California’s
Central Coast. By December 21,
when PHAC announced that
consumers should avoid ro-
maine lettuce,19 no romaine
was originating from California’s
Central Coast, whereas 69%
was originating from Yuma,
Arizona. Consumer Reports fol-
lowed PHAC’s lead on January
4, 2018, recommending that
US consumers avoid romaine.32

By that point, romaine ship-
ments from California’s Central
Coast had ceased for more than
a month.

Ultimately, in the United
States, the outbreak sickened 25
individuals, with 9 hospitaliza-
tions, 2 cases of hemolytic uremic
syndrome—a condition that af-
fects the blood and blood ves-
sels, resulting in the destruction
of blood platelets (cells involved
in clotting), a low red blood
cell count (anemia), and kid-
ney failure—and 1 death.29 In
Canada, the outbreak sickened
42 individuals, with 17 hospi-
talizations and 1 death.19 The
FDA never linked this outbreak
directly to romaine lettuce (it
was directly linked only to leafy
greens).29

An analysis of the timeline of
the 2018 outbreaks revealed that
nearly no romaine in the market
came from California’s Central
Coast at the start of the spring
2018 outbreak or from Yuma,
Arizona, at the start of the fall
2018 outbreak. The spring
2018 outbreak was the largest
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FIGURE 1—6-Year, 7-Day Moving Average Romaine Lettuce Shipment Shares by Region: United States,
2013–2018
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outbreak of STEC O157:H7
since August 2006, when fresh
spinach from California’s
Central Coast proved to be
the source. Beginning on March
13, 2018, and ending in May,
there were 210 reported illnesses
across 36 states along with 96
hospitalizations, 27 cases of
hemolytic uremic syndrome,
and 5 deaths.30 The FDA was
first notified by the CDC of 2
clusters of foodborne illness on
April 4. In Canada, there were
8 reported illnesses, 1 hospitali-
zation, and no deaths.20 During
the week before the date of the
first illness onset, no romaine
was shipped from California’s
Central Coast and 71% was
shipped from Yuma, Arizona

(Figure 3). During the week prior
to the April 13 FDA announce-
ment that consumers should avoid
chopped romaine from Yuma,
Arizona, 50% of romaine came
from California’s Central Coast
and 26% from Yuma.

The fall 2018 outbreak resulted
in fewer illnesses than the spring
2018 outbreak. Between Oc-
tober andDecember 2018, there
were 62 reported illnesses across
16 states and the District of
Columbia, with 25 hospitaliza-
tions and 2 cases of hemolytic
uremic syndrome associated with
STECO157:H7 in romaine.31 In
Canada there were 29 reported
illnesses, 10 hospitalizations, and
2 cases of hemolytic uremic
syndrome.21 On average, for the

week up to the date of the first
illness onset—October 7, 2018—
75% of romaine shipments came
from California’s Central Coast
(Figure 4). No romaine was
shipped from Yuma, Arizona,
until weeks later.

By the time the FDA made its
first public health announcement
advising consumers to avoid all
romaine lettuce—November 20,
2018—63% of all romaine was
shipped from Yuma, Arizona,
during the week prior and 17%
was shipped from California’s
Central Coast. Subsequent FDA
announcements restricted the
warning to avoid lettuce from
California’s Central Coast on
November 26 and from Mon-
terey, San Benito, and Santa

Barbara counties on December
13. The last reported illness began
onDecember 4, 2018. Shipments
from Yuma, Arizona, dropped
immediately after the general
romainewarning (November 20)
and returned to normal after the
region-specific warning (Novem-
ber 26). The FDA and CDC
announced that the strain of
STEC O157:H7 in the fall 2018
outbreakwas similar to that of the
2017 leafy green outbreak and
dissimilar to that of the April
2018 outbreak involving Yuma
romaine.31

DISCUSSION
Our study established or con-

firmed 3 facts. The first is that
recent multistate STEC out-
breaks involving romaine let-
tuce generally occurred at the tail
end of the production seasons
in each of the 2 main produc-
tion areas in the United States:
California’s Central Coast
region (primarily Monterey
County33) and the region sur-
rounding Yuma, Arizona. The
seasonality that we identified
in these 3 recent outbreaks fits
a 2-decade-long seasonal pat-
tern in romaine outbreaks and
has implications both for pub-
lic health monitoring and out-
break response and for further
investigation into the source
of STEC outbreaks involving
romaine.34

We are unable to offer de-
finitive answers as to why this
seasonality in romaine outbreaks
exists. However, the biophysical
and operations management
characteristics that affect the
likelihood of contamination
provide a set of hypotheses to
examine. Seasonality in the
movement of both domestic
and wild animals may affect the
level of contamination reaching
romaine in the field. E. coli
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FIGURE 3—Daily Shipments and Notable Outbreak Dates in (a) California’s Central Coast and
(b) Yuma, Arizona: Spring 2018
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O157:H7 is one of many STEC
serogroups that colonize the
intestinal tracts of ruminant
animals. The organisms are present
in manure, and thus domesticated
livestock such as cows and wild
animals such as deer have the
potential to contaminate near-
by produce fields or nearby
water sources used in produce
fields.35

Changes in farm management
as production slows down may
affect how food safety activities
are carried out. Although pro-
duction shifts from one region
to another, many times a sin-
gle firm operates fields in
both regions. Firms have diver-
sified the geography of their
production to keep their buyers

supplied throughout the year and
their machinery and employees
productively employed. Many
leafy green growers move farm
workers, supervisors, trucks
and equipment, and even pro-
cessing facilities back and forth
twice a year.36 Preparing for
and carrying out this large-scale
relocation of personnel and
equipment may change how
food safety activities are imple-
mented on farms.

In addition, seasonal temper-
atures may affect both romaine
production and bacterial growth.
Lettuces such as romaine are
very sensitive to heat and cold,
as are many bacteria. The tem-
perate climate of California’s
Central Coast region, which

includes the Salinas valley in
Monterey County, is amenable
to growing delicate lettuces
during the summer and fall.
Yuma, Arizona, is generally
hot and dry, but in the winter
and spring temperatures are fa-
vorable for lettuce production,
and irrigation is available via
rights to Colorado River water.
In both regions, lettuce produc-
tion decreases as temperatures
approach a threshold. Maximum
temperature in the 3 days pre-
ceding samplinghas been found to
be the most important variable in
explaining E. coli contamination
levels in leafy greens.37

The second fact is that there is
a lag betweenwhen illnesses in an
outbreak begin and when the

FDA becomes aware and begins
to investigate the cause of the
outbreak. The 3 outbreaks we
examined were nearly half over
by the time the FDA became
aware of them: on average,
the FDA began its investigation
28 days after the date of the
first illness onset, whereas the
last illness onset occurred 60
days later. The outbreak inves-
tigations lasted an average of
159 days, more than twice as
long as the actual outbreaks.
Given that the CDC and FDA
have not had evidence indicating
that an outbreak is over until
weeks after the last illness onset
and given that romaine outbreaks
tend to occur at the end of the
production season, it is unlikely
that the new harvest region la-
beling information would avert
many illnesses. By the time public
health scientists identify an out-
break and outbreak investigators
can reliably point to romaine
from one of the 2major domestic
production regions, nearly every-
thing produced for the year from
the region in question has been
sold.

The third fact is that in spite
of the lag between the onset
of illnesses from contaminated
romaine and FDA awareness
of those illnesses, publicly avail-
able market data can inform
outbreak investigations and
public health announcements.
Publicly available Agricultural
Marketing Service data on
shipments can provide the
FDA with up-to-date informa-
tion about the origin of ro-
maine lettuce in the market
so that the source of the out-
break can be more quickly
identified. Using these market
data, the FDA may be able
to rule out the region with
negligible or no production at
the time of the first illness
onset, facilitate trace-back in-
vestigations, maintain public
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FIGURE 4—Daily Shipments and Notable Outbreak Dates in (a) California’s Central Coast and (b) Yuma,
Arizona: Fall 2018
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health with announcements to
avoid region-specific romaine,
and avoid negative economic
outcomes for producers in the
regions that are not associated
with the outbreak.

Specifically, we found that
if an outbreak were to begin
between May and November,
market data could confirm that
no romaine was shipped from
Yuma, Arizona, and that Yuma
could not be the source. Simi-
larly, market data could confirm
that an outbreak beginning
between December and April
could not have originated in the
CentralCoast because no romaine
was shipped from that region at
that time.

On the basis of these 3 facts,
we conclude that the FDA’s new
requirement for romaine lettuce
packages to carry source and
harvest date information may
reduce financial losses for
romaine lettuce suppliers and
reduce food loss but that it is
unlikely to substantially change
public health outcomes. If re-
gional labels had been in use
on romaine in the fall 2018
outbreak, and if market data
had informed the FDA’s first
announcement, it may have
mitigated a drop in consumer
demand without leading to ad-
ditional illnesses. Recent out-
breaks involving romaine suggest
that assessments of the biophysi-
cal and operations manage-
ment characteristics unique to
the end of the production
season can guide the develop-
ment of new contamination
prevention measures.
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