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background

 

In November 2003, a large hepatitis A outbreak was identified among patrons of a sin-
gle Pennsylvania restaurant. We investigated the cause of the outbreak and factors that
contributed to its unprecedented size.

 

methods

 

Demographic and clinical outcome data were collected from patients with laboratory
confirmation of hepatitis A, and restaurant workers were tested for hepatitis A. A case–
control study was conducted among patrons who dined at the restaurant between
October 3 and October 6, 2003. Sequence analysis was performed on a 315-nucleotide
region of viral RNA extracted from serum specimens.

 

results

 

Of 601 patients identified, 3 died; at least 124 were hospitalized. Of 425 patients who
recalled a single dining date at the restaurant, 356 (84 percent) had dined there be-
tween October 3 and October 6. Among 240 patients in the case–control study, 218
had eaten mild salsa (91 percent), as compared with 45 of 130 controls (35 percent)
(odds ratio, 19.6; 95 percent confidence interval, 11.0 to 34.9) for whom data were avail-
able. A total of 98 percent of patients and 58 percent of controls reported having eaten
a menu item containing green onions (odds ratio, 33.3; 95 percent confidence interval,
12.8 to 86.2). All restaurant workers were tested, but none were identified who could
have been the source of the outbreak. Sequences of hepatitis A virus from all 170 pa-
tients who were tested were identical. Mild salsa, which contained green onions grown
in Mexico, was prepared in large batches at the restaurant and provided to all patrons.

 

conclusions

 

Green onions that were apparently contaminated before arrival at the restaurant caused
this unusually large foodborne outbreak of hepatitis A. The inclusion of contaminated
green onions in large batches that were served to all customers contributed to the size
of the outbreak.

abstract
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epatitis a virus is transmitted by

 

the fecal–oral route, either by direct con-
tact with a person who is infected with

hepatitis A virus or by ingestion of food or water
that has been contaminated with the virus. Contam-
inated food is identified as the source of transmis-
sion for less than 5 percent of cases reported in the
United States.

 

1,2

 

 Recognized outbreaks of food-
borne hepatitis A typically occur when food is con-
taminated by an infected food-service worker at the
point of sale or service.

 

3

 

In the United States, the incidence of hepatitis A
has declined to historically low levels during the past
several years.

 

2

 

 However, even when transmission
within communities is greatly reduced and food is
prepared according to recommended hygienic stan-
dards, foods imported from communities where
transmission of hepatitis A virus remains common
can be sources of exposure. Hepatitis A virus can
remain infectious on environmental surfaces for
at least one month,

 

4

 

 and outbreaks of hepatitis A
caused by foods contaminated during harvesting
or processing have been reported.

 

5-10

 

On November 1, 2003, an alert clinician informed
the Pennsylvania Department of Health of sever-
al cases of hepatitis A among residents of Beaver
County, Pennsylvania. Only one case of hepatitis A
had been reported in the county during the preced-
ing year. Six persons who were ill recalled eating in
two separate groups at a restaurant in Beaver Coun-
ty (Restaurant A). On November 1, an inspector for
the Pennsylvania Department of Agriculture found
no sanitary violations at the restaurant but did learn
of food workers who were ill. On November 2, the
restaurant voluntarily closed. By November 7, 111
cases of hepatitis A had been reported among per-
sons who had dined at Restaurant A.

 

case definition and case finding

 

We undertook a public health investigation to con-
trol a communicable disease outbreak; as such, our
study was not subject to approval by an institution-
al review board. The case definition was an acute
illness consistent with hepatitis A with onset oc-
curring between October 1 and December 1, 2003.
In addition, patients had to have consumed food at
Restaurant A during the two to six weeks before the
onset of illness (consistent with the incubation pe-
riod for hepatitis A) and have serologic confirma-
tion of acute infection with hepatitis A virus (IgM
antibody to hepatitis A virus).

In Pennsylvania, cases were identified through
the state’s electronic disease-surveillance sys-
tem. An interview was attempted with every person
who was reported to have hepatitis A in Beaver
County in 2003, as well as with any other Pennsyl-
vania resident with hepatitis A who reported eating
at Restaurant A. Case reports for Restaurant A pa-
trons who had traveled through Beaver County but
resided in other states were requested. Estimated
attack rates were calculated by dividing the number
of patients who reported eating at Restaurant A on
specific dates in early October (when most patients
reported exposure) by the total number of meals
served on the same dates. Persons who reported eat-
ing at Restaurant A multiple times during the incu-
bation period were excluded from the numerator,
but meals consumed by persons who may have
eaten at the restaurant multiple times during the in-
cubation period were not excluded from the de-
nominator.

 

case–control study

 

Patients who were Pennsylvania residents, who ate
at Restaurant A only once during the incubation
period (15 to 50 days), and who ate at Restaurant A
between October 3 and October 6 were eligible for
inclusion in the study. Beginning on November 8,
patients were enrolled and interviewed as soon as
they were reported to Pennsylvania’s surveillance
system. Included in the case–control study were as
many reported patients as could be interviewed dur-
ing the following two weeks of the investigation.

Controls included meal companions of patients
or persons who were identified through credit-card
receipts as having dined at Restaurant A between
October 3 and October 6. Controls were excluded if
they reported having had symptoms of acute hepa-
titis A, had a history of hepatitis A, or had received
hepatitis A vaccine.

Patients and controls were interviewed by tele-
phone with the use of a standard questionnaire
between November 8 and November 29; all par-
ticipants were asked about foods they had eaten at
Restaurant A. The Restaurant A menu included
121 items made from 102 ingredients.

 

assessment of employees 
and the environment

 

To determine whether contamination by ill res-
taurant employees could have been the source of
the outbreak, employees who worked at any time
between September 1 and November 2, 2003, were
tested for IgM antibody to hepatitis A virus. Infor-

h

methods
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mation about food purchasing, storage, and prep-
aration practices was obtained during interviews
with Restaurant A food suppliers, management, and
food-service workers. Officials from the Food and
Drug Administration (FDA) and the Pennsylvania
Department of Agriculture obtained shipping rec-
ords from Restaurant A and its suppliers.

 

nucleic acid sequencing

 

Serum specimens were requested from diagnos-
tic laboratories, and all the specimens that could
be obtained were used to conduct hepatitis A virus
RNA sequence analysis. RNA of hepatitis A virus
was amplified, and a 315-nucleotide segment of the
VP1–P2A junction was sequenced with the use of
published methods.

 

11

 

 Viral sequences from these
cases were compared with others in the sequence
surveillance database at the Centers for Disease Con-
trol and Prevention (CDC) and with sequences from
other outbreaks of foodborne hepatitis A.

 

statistical analysis

 

All statistical analyses were performed with the
use of SAS software, version 9.1. Odds ratios and
95 percent confidence intervals were calculated for
each menu item and food ingredient. Logistic re-
gression was used to generate adjusted odds ratios
and 95 percent confidence intervals for use in ex-
amining the association between infection with hep-
atitis A virus and demographic factors, menu items,
and food items. Three logistic-regression models
were constructed, including one for menu items, a
second for ingredients, and a third in which expo-
sure to mild salsa was considered separately from
other exposures to green onions. In all three full
models, variables with P values of more than 0.05
were removed to produce the final models. The vari-
ables in each final model were examined for first-
order interactions. With the use of likelihood-ratio
tests, we compared all three final models to assess
the goodness of fit.

 

descriptive epidemiology

 

A total of 527 patients with hepatitis A were iden-
tified among Pennsylvania residents, including
13 who were employees of Restaurant A (Table 1).
An additional 74 persons with hepatitis A who
had eaten at Restaurant A during early October
2003 were reported to the CDC from seven other
states.

The median age of the Pennsylvania patients
was 34 years (range, <1 to 82 years), and 59 percent
were female. Dates of the onset of illness ranged
from October 15 through November 27, 2003 (Fig.
1). Three men and one woman (age range, 38 to 57
years) had fulminant hepatitis A, including three
(0.5 percent) who died; one man survived after re-
ceiving a liver transplant. Two of these four patients
had an underlying illness (inflammatory bowel dis-
ease or diabetes). Among 485 patients whose hos-
pitalization status was known, 124 (26 percent)
were hospitalized.

Of 425 patients who reported having eaten food
at Restaurant A only once during the 15-to-50-day
incubation period, 356 (84 percent) ate there be-
tween October 3 and October 6 (Table 1), and 284
(67 percent) dined at Restaurant A on either Octo-
ber 4 or October 5. An estimated 1986 meals were
served at Restaurant A on these four days (estimated
attack rate for eating at Restaurant A, 17.9 percent),
including 764 on October 4 (attack rate, 25 percent)
and 339 on October 5 (attack rate, 29 percent).

 

case–control study

 

Participants in the case–control study included 240
patients with hepatitis A and 134 controls. Patients

results

 

* A total of 527 persons had hepatitis A, for 485 of whom 
hospitalization status was known; 425 patients reported 
eating at Restaurant A only once during the 15-to-50-day 

 

incubation period.

 

Table 1. Demographic Characteristics, Clinical 
Characteristics, and Dates of Food Consumption 
in Restaurant A among Pennsylvania Residents 
with Hepatitis A, October and November 2003.*

Variable Value

 

Female sex — no./total no. (%) 310/527 (59)

Age — yr  

Median 34

Range <1–82

Hospitalized for illness — 
no./total no. (%)

124/485 (26)

Date of consumption of meal — 
no./total no. (%)

Before October 3 23/425 (5)

October 3 20/425 (5)

October 4 187/425 (44)

October 5 97/425 (23)

October 6 52/425 (12)

After October 6 46/425 (11)
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were significantly older than controls (median age,
34 years vs. 28 years; P<0.01) but did not differ sig-
nificantly according to sex.

Patients were significantly more likely than con-
trols to have eaten at least one of five menu items —
mild salsa, bar beverages, grilled chicken fajitas,
ground beef burrito, and an enchilada platter (Table
2). Mild salsa, which was served to all patrons at
seating, was consumed by 91 percent of patients and
35 percent of controls (odds ratio, 19.6; 95 percent
confidence interval, 11.0 to 34.9). Besides mild sal-
sa, no other menu item associated with illness was
eaten by more than 25 percent of patients. Hot salsa,
like mild salsa, was also served to all patrons at the
time of seating but was not associated with illness.
In a logistic-regression model (model 1) that initial-
ly included age and all five menu items associated
with illness in the univariate analysis, only con-
sumption of mild salsa (adjusted odds ratio, 19.7;
95 percent confidence interval, 11.0 to 35.5) and an
age of more than 12 years (adjusted odds ratio, 2.8;
95 percent confidence interval, 1.4 to 5.6) remained
significant in the final model (Table 3).

Of 102 ingredients examined, 13 had been eat-
en by at least 25 percent of the patients. Of these,
seven were significantly associated with illness (Ta-
ble 2). The two ingredients most strongly associ-
ated with illness were green onions (odds ratio, 33.3;
95 percent confidence interval, 12.8 to 86.2) and

diced white onions (odds ratio, 30.8; 95 percent
confidence interval, 9.3 to 102.2). Green onions and
diced white onions were the only two fresh produce
ingredients in the mild salsa. Hot salsa contained
white onions but not green onions.

In a logistic-regression model (model 2) that ini-
tially included age and the seven ingredients associ-
ated with illness in the univariate analysis, only con-
sumption of green onions remained in the final
model (Table 3). Because of the strong association
between mild salsa and illness, a third model was
constructed that included variables for age, con-
sumption of mild salsa, and exposure to other menu
items that contained green onions. Green-onion
consumption in other menu items was indepen-
dently associated with illness and showed a dose–re-
sponse effect (model 3 in Table 3). Model 3 fit the
data significantly better than did model 2 (P<0.001).

 

illness of employees

 

All 69 employees who worked at Restaurant A at
any time between September 1 and November 2,
2003, were tested for IgM antibody to hepatitis A
virus. Thirteen employees had positive results, and
all were symptomatic, with dates of the onset of ill-
ness that were similar to those of restaurant pa-
trons (range, October 26 to November 14). All had
worked and eaten food at Restaurant A between Oc-
tober 3 and October 6. None reported recent travel to

 

Figure 1. Cases of Hepatitis A Associated with a Restaurant in Pennsylvania in 2003, According to Date of Onset.

 

Blue bars represent the 514 patrons and brown bars the 13 employees of Restaurant A who were given a diagnosis 
of hepatitis A between October 15 and November 27, 2003.
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a country where infection with hepatitis A virus is
endemic.

 

purchasing and preparation of mild salsa 
and green onions

 

Mild Salsa

 

The mild salsa contained tap water, green onions,
canned tomatoes, canned green chilis, a spice mix,
and diced white onions. The latter four ingredients
were all processed at various food-manufacturing
facilities and were delivered to the restaurant pack-
aged and ready to use. The spices were prepared in
635-kg (1400-lb) batches and delivered by a region-
al distributor in 394g (13.9-oz) packets. The white
onions were washed with chlorinated water, ma-
chine-diced in 2268-kg (5000-lb) batches, and
then packaged in 2-kg (5-lb bags) for shipment to

multiple restaurants. Preparation and handling of
green onions are described below.

Restaurant A prepared up to two 38-liter (40-
quart) batches of mild salsa each day. Each batch
contained 170 g (6 oz) of diced green onions (equiv-
alent to 10 to 16 whole onions). Ingredients were
mixed in one large bowl, transferred into plastic
containers, and stored for up to three days in a re-
frigerator. These containers were used to refill serv-
ing pans in the dining room. Salsa was ladled into
bowls and served to all patrons. The ladles, dis-
pensing pans, and plastic containers were washed
each day.

 

Green Onions

 

Green onions were purchased by Restaurant A from
a distributor, who purchased them from a produce
supplier. Shipping boxes contained 4 kg (8.5 lb)
of green onions packed on ice in bundles of six to
eight onions each. Restaurant A workers placed
bundles into 30-by-15-by-23-cm (12-by-6-by-9-in.)
metal pans, which were stored in the refrigerator
for up to five days.

Green onions were chopped as needed. Bundles
were rinsed with tap water, the roots were cut, the
rubber band around the bundle was removed, and
the onions were chopped with the use of an electric
dicer. Chopped onions were refrigerated in plastic
containers for up to two days. The dicer was used
solely for dicing green onions and was cleaned each
day. The dicer was discarded before the investi-
gation commenced.

 

nucleic acid analysis

 

All sequences of hepatitis A virus that were ob-
tained from patients who had eaten at Restaurant
A — including those from 136 patients from Penn-
sylvania and 34 from six other states — were iden-
tical; these sequences included those from the 3
patients who died. The outbreak sequence was
similar (>96 percent) to sequences that have been
commonly found among persons reporting travel
to or residence in Mexico during the two to six
weeks before illness and among patients with hep-
atitis A in Hispanic communities in the United
States.

 

11,12

 

 Sequences from other outbreaks that
were associated with green onions and that oc-
curred during 1999, 2000, and 2003 were also part
of this sequence cluster of hepatitis A virus.

 

9,10,13

 

The sequence of the Pennsylvania outbreak was
distinct from that of other outbreak sequences but
most closely related to the sequences obtained from

 

* Patients and controls who could not recall what they had eaten are not included 
in the calculations of percentages. CI denotes confidence interval.

† One patient and four controls could not recall whether they had eaten mild 
salsa.

‡ One patient could not recall whether she had eaten grilled chicken fajitas.
§ Two patients and one control could not recall whether they had consumed 

bar beverages.
¶ Ingredients that were consumed by fewer than 25 percent of patients are not 

listed.
¿ One patient and four controls could not recall whether they had eaten items 

containing green onions.
**Two controls could not recall whether they had eaten items containing white 

 

onions.

 

Table 2. Consumption of Selected Food Items by 240 Patients with Hepatitis A 
and 134 Controls Who Ate One Meal in Restaurant A between October 3 
and October 6, 2003.*

Variable 
Patients 
(N=240)

Controls 
(N=134)

Odds Ratio
(95% CI)

 

no. (%)

 

Age >12 yr 212 (88) 97 (72) 2.9 (1.7–5.0)

Menu items consumed

Mild salsa† 218 (91) 45 (35) 19.6 (11.0–34.9)

Grilled chicken fajitas‡ 29 (12) 8 (6) 2.2 (1.0–4.9)

Bar beverage§ 49 (21) 16 (12) 1.9 (1.0–3.5)

Ground beef burrito 7 (3) 0 Indeterminate

Enchilada platter 7 (3) 0 Indeterminate

Ingredients consumed¶

Green onions¿ 234 (98) 76 (58) 33.3 (12.8–86.2)

Diced white onions** 237 (99) 95 (72) 30.8 (9.3–102.2)

Beans 113 (47) 35 (26) 2.5 (1.6–4.0)

Mixed cheese 181 (75) 76 (57) 2.3 (1.5–3.7)

Rice 124 (52) 46 (34) 2.0 (1.3–3.2)

Sour cream 92 (38) 33 (25) 1.9 (1.2–3.0)

Corn-cake mix 124 (52) 49 (37) 1.9 (1.2–2.9)
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patients in separate foodborne outbreaks that oc-
curred during September 2003 in Tennessee, North
Carolina, and Georgia.

 

13

 

fda trace-back investigation

 

An FDA trace-back investigation found that two
farms in northern Mexico were the source of green
onions shipped to Restaurant A in late September
and early October 2003. No repacking occurred be-
tween the packing sheds on the farms and delivery
to Restaurant A. At harvest, each onion’s outer lay-
er was stripped off and discarded. Green onions
were hand-bundled with rubber bands, packed on
ice in boxes at the farms, and imported into the
United States; they passed through two or more dis-
tributors before being delivered to Restaurant A.

In this large foodborne outbreak of hepatitis A,
illness was strongly associated with consumption
of menu items containing green onions at a single
restaurant in Beaver County, Pennsylvania. Food-
service workers at the restaurant were tested for
recent infection with hepatitis A virus, and infect-
ed workers were shown not to be the source of the
outbreak. The implicated green onions were appar-
ently contaminated with hepatitis A virus before or
during packing into shipping boxes on farms in

northern Mexico during September 2003. In No-
vember 2003, the FDA issued an import ban on
green onions from four farms (including the two
that supplied green onions to Restaurant A) in
Mexico

 

14

 

 and a consumer alert.

 

15

 

The Pennsylvania outbreak was a very large out-
break of restaurant-associated hepatitis A. The esti-
mates of attack rates (on the basis of the number of
meals served) on October 4 and 5 were higher than
attack rates observed among children who were
served strawberries contaminated with hepatitis
A virus (range, 0.2 to 14 percent)

 

8

 

 and the estimat-
ed attack rate among Shanghai residents exposed
to contaminated clams (11.9 percent).

 

16

 

 Estimates
of attack rates for hepatitis A outbreaks, and com-
parisons among various outbreaks, are subject to
several limitations, including the presence of pre-
existing immunity (due to previous infection or vac-
cination) among those exposed and focal or limited
contamination within large food preparations.

A combination of factors probably contributed
to the unprecedented size of the Pennsylvania out-
break and the high attack rate observed. First, nearly
2000 people were estimated to have dined at Res-
taurant A during the four days of the peak expo-
sure period, and all were offered mild salsa, the
food item most strongly associated with illness. Un-
cooked green onions were also used in more than
50 other menu items. Second, preparation practic-

discussion

 

* NA denotes that the variable was not included in the model.
† Only green onions were retained in the final model.
‡ One patient and four controls could not recall whether they had eaten mild salsa.
§ One patient and four controls could not recall whether they had eaten items containing green onions.

 

¶The subjects in this category served as the reference group.

 

Table 3. Multivariate Analysis of Demographic Characteristics and Food Exposures Associated with Hepatitis A
among Patrons of Restaurant A, October 3 through October 6, 2003.*

Variable

Case
Patients 
(N=240)

Controls 
(N=134) Model 1 Model 2

 

†

 

Model 3

 

number (percent) adjusted odds ratio (95 percent confidence interval)

 

Age >12 yr 212 (88) 97 (72) 2.8 (1.4–5.6) NA 2.3 (1.1–4.8)

Consumption of mild salsa‡ 218 (91) 45 (35) 19.7 (11.0–35.5) NA 21.3 (11.5–39.7)

Consumption of green 
onions (any exposure)§

234 (98) 76 (58) NA 33.3 (12.8–86.2) NA

No. of menu items consumed, 
other than mild salsa, 
containing green onions

 None¶ 82 (34) 80 (60) NA NA 1.0 

 1 other item 131 (55) 49 (37) NA NA 1.7 (1.0–3.1)

 2 or more other items 27 (11) 5 (4) NA NA 7.3 (2.1–24.7)
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es, such as rinsing green onions while they are
still bundled, could have contributed to the size
of the outbreak. Once contaminated onions were
chopped, there were opportunities for the intermin-
gling of uncontaminated and contaminated green
onions stored in a common container; in addition,
liquid on the surface of onions from rinsing or from
melting ice might have facilitated diffusion of hep-
atitis A virus. Contaminated onions were then dis-
persed throughout the mild salsa.

None of the food-handling practices reported
by Restaurant A employees were specifically linked
to transmission. However, many of these prepara-
tion practices could result in cross-contamination
and are probably used in other restaurants. The
2001 Food Code includes a requirement that veg-
etables that are not subsequently cooked must be
washed, but it does not offer guidance about wash-
ing methods or other produce-preparation prac-
tices that might prevent cross-contamination.

 

17

 

Methods for the routine detection of hepatitis A
virus or the reduction of contamination of pro-
duce are not yet available. In laboratory settings,
rinsing produce with chlorinated water, which
should be done both after harvest

 

18

 

 and again be-
fore meal preparation,

 

17

 

 reduces but does not elim-
inate contamination with hepatitis A virus.

 

19

 

 Even
a small amount of fecal contamination might re-
sult in many hundreds of infectious doses because
concentrations of hepatitis A virus are estimated to
reach 1 billion infectious doses per gram of stool
and because the infectious dose, though unknown,
is probably low.

 

20

 

Green onions were the source of restaurant-
associated hepatitis A outbreaks in 1999 in Ohio,
in 2000 in Kentucky and Florida, and earlier in
2003 in Tennessee, Georgia, and North Caroli-
na.

 

9,10,13

 

 Trace-back investigations indicated that
green onions that were implicated in these investi-
gations were either definitely

 

10,13

 

 or probably

 

9

 

grown in Mexico. As noted in the Pennsylvania in-
vestigation, the origin of the contaminated green
onions was consistent with the sequence similari-
ties in hepatitis A virus noted among patients in-
volved in these outbreaks and among persons who
acquired hepatitis A in Mexico or who live in com-
munities in the United States where cases of hepa-
titis A are often epidemiologically linked with trav-
el to Mexico or contact with travelers to Mexico
(e.g., Hispanic communities).

 

9,10,13

 

Outbreaks of infection due to other enteric patho-
gens that are linked to imported green onions have

also been reported.

 

21

 

 Green onions require exten-
sive handling during harvesting and preparation
for packing, including the removal of outer skins
and soil.

 

9,22

 

 Contamination of green onions could
occur by contact with workers (or workers’ children)
who are infected with hepatitis A virus during har-
vesting and preparation or by contact with contam-
inated water during irrigation, rinsing, processing,
cooling, and icing. In addition, viral particles or fe-
ces are especially difficult to wash off complex plant
surfaces.

 

23

 

Green onions from the implicated farms were
probably delivered to other restaurants. However,
no other simultaneous restaurant-associated out-
breaks of hepatitis A were identified despite public
health alerts, extensive media coverage, and inten-
sified surveillance activities nationwide. Contami-
nation might have been confined to a small portion
of the harvest, or contaminated produce might
not have been recognized as the source of infec-
tion among persons who did not recall exposure.
Foodborne outbreaks have been observed previ-
ously that were linked to produce but involved
only a few food-serving institutions or cases scat-
tered across a wide geographic area, despite wide-
spread distribution of produce from the implicat-
ed farms.

 

6-10,24-26

 

An increasing proportion of reported foodborne
outbreaks have been linked to fresh produce.

 

17,20,27

 

Recommended control measures include ensuring
that field workers are healthy and have access to
adequate sanitary facilities and ensuring that water
used to irrigate and rinse produce is not contami-
nated with feces. In food-service settings, consid-
eration should be given to the possibility that con-
taminated produce might cause more widespread
contamination of other produce and of the prep-
aration area. Health care providers can assist in
determining the source of foodborne outbreaks
of hepatitis A by immediately notifying local and
state health authorities when cases are identified.
In many communities, especially in the developing
world, children are the source of most transmis-
sion of hepatitis A virus.

 

1,28

 

 The reduction of the
transmission of hepatitis A virus among children
in areas where produce is grown and attempts to
discourage the presence of children in areas where
food is harvested will reduce opportunities for con-
tamination with the virus.
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