
(CDC, 2003). The foodborne outbreak is recog-
nized when a group of people get the same dis-
ease that on investigation is linked to the same
specific food. That detection event picks out the
meaningful signal of the outbreak against the
background noise of similar infections or ill-
nesses that are sporadic and unconnected in na-
ture. For Salmonella, serotyping has been an im-
portant first stage subtyping strategy that
provided greater specificity than is provided
by identifying the pathogen to the species level,
and made possible the detection and investi-
gation of many outbreaks (Olsen et al., 2001).
Now routine molecular subtyping has further
increased the specificity of surveillance, and
the power of surveillance.

Molecular subtyping has had several major
impacts on public health. First, it clearly in-
creases the ability of surveillance to identify
outbreaks that would otherwise be missed.
This was well documented in Minnesota, dur-
ing an evaluation of PulseNet for Escherichia coli
O157:H7 (Bender et al., 1997). In 1994–5, the first
years in which pulsed-field gel electrophoresis
(PFGE) was routinely done on E. coli O157:H7
isolates in that state, 317 strains were typed,
and 10 outbreaks were detected. Of these, four
outbreaks, or 40% of the total, were thought un-
likely to have been detected by standard sur-
veillance. That means that the application of
PulseNet within a single state was associated
with a 67% increase in sensitivity. A similar 

PUBLIC HEALTH SURVEILLANCE means monitor-
ing specific infections diagnosed in a de-

fined population. Surveillance is critical to de-
fine the burden of infections, to track the trends
in their incidence as major control strategies are
contemplated or implemented, and to detect
anomalous surges or outbreaks. Outbreak de-
tection and investigation are a critical part of
the control strategy for many infections.

Prevention of foodborne infections is a com-
plex art. Other than hepatitis A, there are no
vaccines against them. Food can become con-
taminated by many possible pathways from the
farm to the final consumer, that vary from
pathogen to pathogen and over time. Prevent-
ing foodborne disease therefore depends in
large part on engineering food production sys-
tems for safety. Detecting and investigating
outbreaks is an important way to determine the
pathways that are most problematic. The out-
break investigation is thus a fundamental part
of the food safety process, as it is a major
method by which new challenges and gaps in
the food safety system are identified. Every
foodborne outbreak is an opportunity to learn
to improve our prevention methods and strate-
gies, and drives the cycle of public health pre-
vention (Fig. 1).

Each year, more than 1200 foodborne disease
outbreaks are recognized, investigated, and re-
ported by local and state health departments to
the Centers for Disease Control and Prevention
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assessment of routine pulsed-field gel elec-
trophoresis (PFGE) for Salmonella Typh-
imurium showed a 33% increase in sensitivity
(Bender et al., 2001). Expansion of the system
beyond one state should lead to further in-
creases of sensitivity, as it becomes possible to
identify even more dispersed outbreaks. This
general gain in sensitivity can be seen in the
number of E. coli O157:H7 outbreaks reported
nationwide before and after PulseNet was first
deployed in 1996 (Rangel et al., 2005) (Fig. 2).
This number was extremely low in the 1980s
when few clinical labs cultured for the organ-
ism, and it accelerated sharply after the infec-
tion was made nationally notifiable in 1993 and
then began to decline. A further quantum jump
in reporting occurred around the time that
PulseNet was deployed, rising from 17 out-
breaks in 1997 to 44 outbreaks in 1998.

A second major impact has been on the speci-
ficity of the investigations themselves. The case
definition used in an outbreak investigation is of-
ten as specific as possible, because the gain in in-
formation outweighs the loss in statistical power
that follows the exclusion of some cases. Molec-
ular subtyping increases the specificity of the de-
finition, and hence of the findings. For example,
in an outbreak of E. coli O157:H7 infections in
Connecticut, the initial analysis suggested an as-
sociation with a particular grocery store (Banat-
vala et al., 1996). The use of PFGE revealed a sec-
ond unsuspected outbreak at the same time
related to raw ground beef served at a wake in
a neighboring town. After making PFGE part of
the case definition, analysis now associated the
store with illness, and illness could be specifi-
cally associated with food that had gone through
the store’s meat slicer. A recent Campylobacter
outbreak illustrates this utility of PFGE in the in-

vestigative phase, even though it did not play a
role in the initial detection; the analysis is crisper
with PFGE as part of the case definition, and the
association with the vehicle clarified (Olsen et al.,
2001; Fitzgerald et al., 2001).

For investigations of listeriosis, the speci-
ficity in definition now extends to the controls.
Listeriosis primarily affects persons who are
pregnant or seriously immunocompromised,
and it can be difficult to find controls who are
equally compromised. A new investigative
strategy, first developed in France, and applied
with recent success here, is to use other cases
of listeriosis as the controls. This means inter-
viewing all the listeriosis cases, and then using
PFGE to divide them into outbreak cases and
background controls (Graves et al., 2005; Olsen
et al., 2005). Comparison of the reported expo-
sures can reveal what is specific to the outbreak
group. This method means that both cases and
controls are defined by PFGE with equal speci-
ficity. By interviewing all cases of listeriosis in
the country, and determining the PFGE pat-
terns of all isolates, outbreak detection and in-
vestigation becomes a single standard process.

A third impact is that more outbreaks are de-
tected and controlled at an earlier stage, and
that fewer continue to a large size. The size of
outbreaks is dropping, as a consequence of bet-
ter surveillance, more direct intervention, and
better prevention. For example, the average
size of E. coli O157 outbreaks was 27 cases be-
fore 1992, and has decreased to �10 in recent
years (Rangel et al., 2005). While it is difficult
to know how much of this to attribute to
PulseNet itself, faster detection and response is

MOLECULAR SUBTYPING AND PUBLIC HEALTH 5

FIG. 1. The cycle of public health prevention.

FIG. 2. Escherichia coli O157 outbreaks by year, 1982–
2002 (n � 350) (Rangel et al., 2005).



likely to be part of the effect. This difference
represents important evidence of prevention
effectiveness. The cost of the program is easily
recouped as a benefit to society. It has been es-
timated that preventing only five cases of E. coli
O157:H7 infection annually pays the cost of
PulseNet in a state (Elbasha et al., 2000).

A fourth major impact has been its use to de-
velop clues about sources and to confirm a 
particular food as the culprit by subtyping
pathogens from animals and from foods, col-
lected as part of routine regulatory monitoring.
The chance identification of strains of Listeria
monocytogenes in sliced deli turkey meat that
matched an ongoing cluster by PFGE was help-
ful early on in a recent listeriosis investigation
(Olsen et al., 2005). Identifying a particular
strain of Salmonella Typhimurium in a dead
hamster led to a search of similar patterns na-
tionwide, and led to the discovery of a highly
dispersed outbreak related to these pets (CDC,
2005). Beyond hypothesis generation, finding a
matching strain in an implicated food that is
sampled because of a particular hypothesis can
often provide overwhelmingly conclusive evi-
dence of the source. Although regulatory ac-
tion is often based on strong epidemiological
information in the absence of sampling a food,
the isolation of say, a matching isolate of E. coli
O157 from ground beef associated with even a
single case can lead to a meat recall and other
regulatory actions. In the future, real time pub-
lic health subtyping of strains from foods and
animals, and comparison with the database of
human isolates may provide earlier warning of
contamination in the food chain.

The most profound impact has been on the
kind of the outbreaks that have been detected.
The nature of the outbreaks detected depends
critically on the methods used. If outbreaks are
only detected when concerned citizens, physi-
cians or health care facilities report them, then
only large and locally apparent outbreaks are
likely to be found. These classic point source
outbreaks affect a single group of people in a
single town or city, following a single meal,
with a substantial attack rate. Investigating this
outbreak proceeds with local authority, and the
foodhandling problems that are identified are
most often local in scope. While important,
these investigations may have few ramifica-
tions beyond the local scene (Fig. 3A).

The use of molecular subtyping to compare
strains across many jurisdictions has revealed
an entirely different kind of outbreak, in which
a dispersed group of persons who do not know
each other are affected at the same time with
the same infecting organism in many states. In
this scenario, no local listening post may 
perceive more than a few cases, and the local
increase is often not apparent against the back-
ground of cases. Summed over many jurisdic-
tions, the outbreak may in fact be very large,
but dispersed. Investigating these dispersed
scenario outbreaks requires the coordinated ef-
forts of many health authorities acting in con-
cert and pooling the information. Though dif-
ficult to detect and to investigate, the findings
of these outbreaks can be of particular impor-
tance. The dispersion may well reflect a contam-
ination event high in the food’s chain of pro-
duction, not just a problem in the final kitchen
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FIG. 3. The locus of the problem determines the shape of the outbreak. (A) A problem (indicated by checkerboard
pattern) in one kitchen will usually lead to a focal outbreak. (B) A problem high in the food production chain can
produce a highly dispersed outbreak.
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(Fig. 3B). Identifying that event can instruct the
industry and regulatory authorities about a
flaw in the system that was previously unap-
preciated. Correcting it can lead to lasting and
generalized protection.

This means that improved detection and in-
vestigation can serve to probe the safety of the
food production system at several levels. These
investigations, providing information about
gaps in the food safety system, drive the cycle
of prevention faster, and reduce the overall
number of infections. The results of enhanced
prevention can be seen in the recent declines in
the incidence of listeriosis and E. coli O157 in-
fections, the two pathogens tracked most in-
tensively by PulseNet. Following the institution
of PulseNet for Listeria monocytogenes, the num-
ber of outbreaks detected increased. Many of
them were related to processed meats, focusing
prevention efforts on that sector; incidence de-
clined to an all time low of 2.7 per million in
2004, a drop of 40% since the baseline period
1996–1998 (CDC, 2005). The incidence of E. coli
O157 infections began to decrease sharply after
2002, as the repeated investigations of PFGE
clusters focused attention on more specific con-
trols at the level of ground beef. By 2004, the in-
cidence of E. coli O157 infections as measured
in FoodNet had dropped 42% since the baseline
period of 1996–1998, and was 0.9 per 100,0000,
below the health people goal for 2010 (CDC,
2005). It is doubtful that such progress would
have been made without PulseNet.

We can also draw lessons of a more philo-
sophic nature from PulseNet. The practical re-
sults confirm a central hypothesis of public
health microbiology, that a single outbreak
event is usually related to a single infecting
strain. The philosophic underpinnings of sub-
type-based outbreak detection are rooted in the
single strain postulate, and are validated by the
empiric success of the strategy.

A second lesson is that enhancing surveil-
lance creates a paradox, as it generally makes
conditions look worse at first. The number of
outbreaks detected increases, and some might
conclude that the public health has deterio-
rated. It can take some years before the im-
proved decision making that is the conse-
quence of better surveillance and investigation
drives the incidence of the disease downwards.

Third, the new dispersed outbreak blurs the
line between individual sporadic cases and out-
breaks. What appears to be a single sporadic
case in one location, may in fact be part of an
unrecognized cluster that affects many loca-
tions at once. Combining data across jurisdic-
tions can bring this into focus. The new tack
taken with listeriosis surveillance, described
above, means we should consider all cases of
listeriosis as potential members of some out-
break somewhere, and interview them accord-
ingly. As PulseNet crosses international bor-
ders, the potential impact of investigating a
single case, or a single outbreak, will be corre-
spondingly magnified.

Many challenges remain to reach the full po-
tential of subtype-based surveillance. The effort
and resources needed to subtype in real time
are not available in many jurisdictions, slow-
ing the network, and delaying detection and in-
vestigations. The PFGE method includes some
subjective judgments; DNA sequence-based
methods may ultimately be more automated,
and faster. Harmonized subtyping methods for
more pathogens are needed. Already, applying
sequence-based subtyping in network fashion
to Norovirus and Hepatitis A infections has
identified outbreaks and connections that were
previously elusive (Fankhauser et al., 2002;
Amon et al., 2005).

The great success of standardized subtyping
in the public health laboratory has made infor-
mation comparable across broad jurisdictions.
A new challenge now is to do the same for the
interviews of sporadic cases, that provide the
complementary epidemiological information.
The investigation of a dispersed cluster is un-
likely to succeed without a joint effort based on
the same interview questionnaire conducted 
in many jurisdictions at once. This need, com-
bined with the blurring of the border between
sporadic and outbreak-associated cases, means
that even the single sporadic case of a high-pri-
ority infection may need to be investigated in
a standardized way. This pressure to harmo-
nize epidemiological methods means PulseNet
is a profound affect on general public health
practice.

Surveillance enhanced by molecular subtyp-
ing means that outbreaks are likely to be de-
tected and investigated sooner, whether they
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are naturally occurring or intentionally caused.
Subtype-based surveillance, and the attendant
general improvement in public health practice
is critical to the preparedness of public health
to meet the challenge of bioterror. Past inten-
tional attacks with foodborne organisms were
not announced as such, suggesting that an
attack on the food supply with a foodborne
pathogen will not initially be distinguishable
from a natural event (Torok et al., 1997; Kolavic
et al., 1997). That means that the public health
investigation is likely to be the first response,
just as the fire department responds to all fires,
regardless of whether arson is suspected or not.
Each of the 1200 foodborne outbreaks detected
and investigated each year is a real exercise of
the response system that will respond to an at-
tack. Strengthening the existing systems for de-
tecting and investigating foodborne outbreaks
will mean that the public health is better pro-
tected against illnesses of all sorts, both natural
and intentional.
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