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Five different serotypes of Salmonella enterica were implicated in a large outbreak linked to fresh Roma
tomatoes served at gas station deli counters in Pennsylvania and nearby states during July 2004: S. enterica
serotypes Javiana, Anatum, Thompson, Typhimurium, and Muenchen. One of these serotypes, Anatum, was
isolated from both tomatoes and patients. Pulsed-field gel electrophoresis (PFGE) played a key role in
identifying the outbreak-associated isolates and distinguishing them from unrelated sporadic isolates. It also
demonstrated that the genetic fingerprints of serotype Anatum isolates derived from patients were indistin-
guishable from those derived from tomatoes. Rapid communication of PFGE fingerprints with other public
health laboratories through the Centers for Disease Control and Prevention’s PulseNet USA national molec-
ular surveillance network for bacterial food-borne pathogens facilitated the tracking of this outbreak in other
states. The work described in this report emphasizes the laboratory’s role in core public health functions and
services, thereby providing a highly visible example of public health in action.

An estimated 1.4 million cases of nontyphoidal Salmonella
infections occur in the United States each year, causing ap-
proximately 15,000 hospitalizations and 400 deaths (29). Fresh
produce has become an increasingly prominent source of Sal-
monella outbreaks (1, 3, 5, 11, 12, 14, 23, 24, 27, 31).

Multiple serotypes of Salmonella enterica were implicated in
a large Salmonella outbreak that occurred in Pennsylvania and
nearby states in the summer of 2004. A case-controlled inves-
tigation linked the outbreak to the consumption of Roma to-
matoes from the deli counters of a chain of 302 gas station
convenience stores in Pennsylvania and four nearby states
(chain A) (4). Pulsed-field gel electrophoresis (PFGE) played
a key role in identifying the outbreak-associated isolates and
distinguishing them from unrelated sporadic isolates.

PFGE is a DNA-based fingerprinting method considered to
be the “gold standard” for subtyping numerous bacterial
pathogens (7, 8, 10, 16, 22, 25, 28, 30). PFGE involves digesting
intact bacterial chromosomes with restriction endonucleases
that have specificities for sites in DNA that are relatively un-
common. In preparation for PFGE, bacterial cells are embed-
ded in agarose plugs so that when they are lysed and digested,
the DNA remains unsheared. Because the resulting fragments
are very large (approximately 20 kbp to 1,135 kbp), a special-
ized power supply and electrophoresis chamber are used to
provide alternating electric fields that facilitate their move-
ment through the gel. PFGE yields restriction fragment band
patterns that can be compared by specialized software. Adop-
tion of a highly standardized protocol for PFGE testing devel-

oped by PulseNet USA at the Centers for Disease Control and
Prevention (CDC) has made lab-to-lab comparisons of PFGE
band patterns feasible and informative (8, 26). All 50 state
public health laboratories, several city and county public health
laboratories, and 8 food safety regulatory laboratories partici-
pate in PulseNet USA (9). The assignment of names to par-
ticular band patterns by PulseNet USA has made PFGE data
useful for epidemiological investigations. PFGE-based surveil-
lance of Salmonella and other food-borne pathogens by the
Pennsylvania Department of Health (PADOH) Bureau of
Laboratories (BOL) is a critical component of the state’s plan
for public health preparedness. The purpose of this report is to
demonstrate the essential role that PFGE played in the inves-
tigation of a large Salmonella outbreak that took place during
July 2004.

MATERIALS AND METHODS

Culture growth, identification, and serology. The Salmonella isolates used for
this study were grown, identified, serogrouped, and serotyped by the Bacteriol-
ogy Section of the BOL using standard procedures (2, 6). They were collected
from Pennsylvania patients and Roma tomatoes between 1 and 31 July 2004.

Sample preparation, DNA restriction, PFGE, and gel analysis. Sample prep-
aration, restriction digestion, electrophoresis, and gel staining for PFGE were
accomplished following the CDC-standardized procedure used by all PulseNet-
certified laboratories as described by Ribot et al. (21) and modified for Salmo-
nella as described by Hunter et al. (13). This procedure is available at the
PulseNet website (http://www.cdc.gov/pulsenet/protocols.htm). Restriction endo-
nucleases XbaI, BlnI, and SpeI (Roche Diagnostics Corporation, Indianapolis,
IN) were used. The size standard used for all gels was XbaI-digested DNA from
Salmonella Braenderup strain H9812 (American Type Culture Collection catalog
no. BAA-664), the universal size standard used by all PulseNet laboratories. A
Gel Doc 2000 equipped with Quantity One software (Bio-Rad, Hercules, CA)
was used for image capture and conversion of gel images to the TIFF file format.
Gel images were analyzed using BioNumerics software version 3.5 (Applied
Maths, Sint-Martens-Latem, Belgium), the software used by all PulseNet labo-
ratories. The use of the universal size standard permitted normalization and
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comparison of DNA fingerprints from gel to gel and from lab to lab via
BioNumerics.

PulseNet communications. Analyzed gel images were uploaded to PulseNet’s
national Salmonella database through a secure server accessible only to
PulseNet-certified laboratorians. Notifications regarding clusters of bacterial iso-
lates with similar DNA fingerprints were posted to the PulseNet WebBoard for
immediate dissemination to the PulseNet community. Fingerprint pattern names
assigned by the CDC’s PulseNet team were downloaded from the secure server,
added to local databases, and uploaded electronically to the Pennsylvania Na-
tional Electronic Disease Surveillance System (PA-NEDSS) database used by
state epidemiologists. Pattern names include a three-letter code for the serotype
(e.g., JGG for serotype Javiana in XbaI pattern name JGGX01.0036), a one-
letter two-digit code indicating the enzyme (e.g., X01 for XbaI, A26 for BlnI, or
S18 for SpeI), and a four-digit number related to a particular strain pattern (e.g.,
0036 in JGGX01.0036). Consecutive four-digit numbers do not indicate related-
ness of patterns (9). A cluster/outbreak code, such as 0407PAJGGJAG1, indi-
cates the year (04), the month (07), the state that identified the cluster or
outbreak (PA), and the serotype(s) involved (e.g., JGG for serotype Javiana and
JAG for serotype Anatum). The code ends in 1c to indicate the first cluster (c
stands for cluster) of a particular serotype in the state during the specified
month, 2c to indicate the second cluster of that serotype in the state that month,
etc. (9). For a well-documented outbreak, such as 0407PAJGGJAG1, the one
described in this report, the code ends in a number that is not followed by the
letter c. This indicates that isolates designated with this code are part of an
outbreak and not just a cluster of similar PFGE fingerprints that may or may not
be part of an outbreak (15). In the early stages of this investigation, serotyping
and PFGE had linked only serotype Javiana to the unfolding outbreak. There-
fore, the original cluster/outbreak code was 0407PAJGG1-c. Subsequently, when
serotype Anatum also became implicated and the existence of an outbreak had
been established, the code was changed to 0407PAJGGJAG1.

RESULTS

Serotype Javiana, the main cause of the outbreak. Routine
surveillance of Salmonella isolates received in the BOL dem-
onstrated a surge in serotype Javiana isolates collected from
patients in early July 2004. PFGE testing of the first 10 of these
isolates with XbaI revealed 9 with indistinguishable fingerprint
patterns. The CDC assigned pattern name JGGX01.0036 to

these isolates (Fig. 1A). During July, a total of 331 serotype
Javiana isolates were collected from patients. Testing 146 of
them by PFGE identified 132 that matched pattern
JGGX01.0036 (Fig. 1A). Digestion of 27 isolates in this
group with a second restriction enzyme, BlnI, identified a
single pattern shared by all of them. The CDC assigned
them the BlnI pattern name JGGA26.0008 (Fig. 1B). Four-
teen of the serotype Javiana isolates tested did not match
the outbreak pattern and were considered to be unrelated
sporadic isolates (Fig. 2A).

Serotype Anatum and the tomato connection. A concurrent
case-controlled study conducted by the state’s Bureau of Epi-
demiology, with assistance from the CDC, identified Roma
tomatoes as the source of the outbreak (4, 19). The Pennsyl-
vania Department of Agriculture, responsible for testing pro-
duce, isolated Salmonella from an unopened package of
presliced Roma tomatoes obtained from chain A (17). Further
testing at the BOL identified the serotype of the tomato-de-
rived Salmonella to be Anatum (20). Serotype Anatum was the
only serotype isolated from food collected at chain A. Testing
of six tomato-derived serotype Anatum isolates by PFGE, us-
ing restriction enzymes XbaI and SpeI, showed all six to be
indistinguishable by both enzymes. Testing of serotype Anatum
isolates collected from five patients in July revealed fingerprint
patterns indistinguishable from the tomato-derived serotype
Anatum from four patients and one unrelated sporadic sero-
type Anatum isolate from the fifth patient (Fig. 2B). The CDC
assigned XbaI pattern name JAGX01.0015 (Fig. 1A) and SpeI
pattern name JAGS18.0003 (Fig. 1C) to the fingerprints of
these serotype Anatum isolates.

Multiple serotypes. When it became clear that more than
one serotype was associated with this outbreak, three addi-
tional Salmonella serotypes (Thompson, Typhimurium, and

FIG. 1. Outbreak PFGE patterns. Fingerprints for the five outbreak serotypes shown were obtained and compared as described in Materials
and Methods. The size standard shown above the test fingerprints is Salmonella Braenderup strain H9812 digested with XbaI. Pattern names were
assigned by the PulseNet team of the CDC. The number tested refers to isolates collected from patients in July 2004. a, six isolates from tomatoes
and four from patients.
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Muenchen) collected from patients in July were targeted for
testing by PFGE. Testing with two enzymes identified five
serotype Thompson isolates with indistinguishable finger-
prints: XbaI pattern JP6X01.0042 (Fig. 1A) and BlnI pattern
JP6A26.0008 (Fig. 1B). Among the 19 unrelated serotype
Thompson isolates tested, 10 different XbaI patterns were ob-
served (Fig. 2E). PFGE testing of serotype Typhimurium iso-
lates identified 13 with indistinguishable PFGE patterns, XbaI
pattern JPXX01.0010 (Fig. 1A) and BlnI pattern JPXA26.0167
(Fig. 1B), and 16 with unrelated XbaI patterns (Fig. 2E).
PFGE testing using XbaI and BlnI demonstrated that two of
the nine serotype Muenchen isolates were indistinguishable
from one another by both enzymes: XbaI pattern JJ6X01.0368

(Fig. 1A) and BlnI pattern JJ6A26.0020 (Fig. 1B). Seven se-
rotype Muenchen isolates were unrelated (Fig. 2C). In all, five
different serotypes of Salmonella enterica were implicated in
this outbreak, serotypes Javiana, Anatum, Thompson, Typhi-
murium, and Muenchen, and serotype Javiana was the main
cause of the outbreak (4).

DISCUSSION

The Molecular Microbiology Laboratory at the BOL is part
of the PulseNet food-borne disease surveillance network of
public health and food regulatory agency laboratories coordi-
nated by the CDC. This network provides a forum for the rapid

FIG. 2. Comparison of outbreak and sporadic isolates. Fingerprints of outbreak and unrelated sporadic isolates were obtained and compared
as described in Materials and Methods. The size standard shown above the test fingerprints is Salmonella Braenderup strain H9812 digested with
XbaI. The outbreak fingerprint of each serotype is enclosed in a box, and the fingerprints of the sporadic isolates of each serotype are shown below
the outbreak fingerprint. A representative fingerprint is shown for each pattern; duplicate fingerprints were omitted. The number of isolates
matching each outbreak pattern is summarized in Fig. 1.
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communication of PFGE test results among the laboratories of
these agencies via WebBoard postings and e-mail messages. A
surge in Salmonella isolates collected in Pennsylvania in early
July and serotyped as Javiana signaled a possible outbreak.
The earliest PFGE testing of these isolates identified a single
XbaI pattern and strengthened this tentative conclusion. The
BOL made its first posting of PFGE results (nine serotype
Javiana isolates with matching XbaI patterns) to the PulseNet
WebBoard on 16 July 2004. This posting included the epide-
miological information that had been released to the public
earlier in the day in a PADOH health advisory (18). Within an
hour of the Pennsylvania posting, a neighboring state replied
by posting PFGE results that matched the Pennsylvania pat-
tern. Within another hour, the CDC named the pattern
JGGX01.0036. Within 4 days, three additional states posted
their matching results. Ultimately, nine states posted matching
PFGE results to the WebBoard. Subsequent testing with a
second enzyme, BlnI, showed a single pattern and increased
the probability of a common source of infection.

Three days after the first WebBoard posting of serotype
Javiana patient results, the Pennsylvania Department of Agri-
culture cultured Salmonella from an unopened package of
Roma tomatoes removed from a deli counter at chain A. Sub-
sequently, six Salmonella isolates were sent to the BOL for
serogrouping, serotyping, and PFGE testing. The serogroup of
all six of the tomato-derived isolates was determined to be E1,
indicating that they could not be serotype Javiana (serogroup
D1). They were subsequently serotyped as Anatum. PFGE
testing of the six tomato-derived samples along with five sero-
type Anatum isolates collected from patients between 15 and
19 July 2004 identified four patient-derived isolates with the
same XbaI pattern (JAGX01.0015) as the tomato-derived iso-
lates (Fig. 1A). Further testing with a second enzyme revealed
that DNA samples from these isolates could not be cleaved by
BlnI. Successful digestion was completed with SpeI, and all
were found to share the same SpeI pattern (JAGS18.0003)
(Fig. 1C).

A concurrent epidemiological analysis indicated higher-than-
expected numbers of three Salmonella serotypes: Thompson,
Typhimurium, and Muenchen. Patient interviews indicated
that some patients had eaten food from chain A during the
outbreak time frame. PFGE testing was the key to distinguish-
ing outbreak-related isolates from unrelated sporadic isolates,
thus allowing the Bureau of Epidemiology to focus its investi-
gation and corroborate information obtained from patient in-
terviews.

For epidemiological comparisons, knowing the pattern
name of each fingerprint is desirable. However, obtaining a
pattern name is a multistep, time-consuming process. After
gels are electrophoresed, stained, and photographed, the po-
sitions of bands must be assigned via BioNumerics software.
Although the software suggests band assignments, these as-
signments must be evaluated and fine-tuned manually, a time-
consuming and somewhat subjective process. After the gels
were analyzed, patient demographic information was entered,
and the information for each isolate was uploaded to
PulseNet’s national Salmonella database at the CDC. Once
PFGE pattern names were assigned, they were entered into
PA-NEDSS. This was also a multistep process. To bridge the
time lag inherent in this process, e-mail was used to commu-

nicate results directly to the Bureau of Epidemiology when
particular isolates appeared to match outbreak patterns.

In summary, pulsed-field gel electrophoresis was essential
for discriminating between outbreak-related isolates and un-
related sporadic isolates for each of the five serotypes that
were epidemiologically linked to this large multiserotype and
multistate outbreak. It also established the connecting thread
needed to track the outbreak in other states. Because of its
high degree of standardization, the PulseNet USA PFGE pro-
tocol and communications network provided the means to
compare the current data among state public health laborato-
ries and archived data from the national Salmonella database.
The work described in this report emphasizes the laboratory’s
role in core public health functions and services, thereby pro-
viding a highly visible example of public health in action.
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