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SUMMARY

Food-product recall data for recalls due to Shiga toxin-producing Escherichia coli (STEC) from
2000 to 2012 were obtained for establishments regulated by the United States Department of
Agriculture, Food Safety and Inspection Service (FSIS). Statistical tests were used to assess the
factors associated with recovery of product following STEC recalls along with the relationship
between cluster detection and jurisdictions. Our results indicated that the percentage of recalled
product recovered following a recall action due to STEC was dependent on the complexity of
distribution, type of distribution, amount of time between production and recall dates, and the
number of pounds of product recalled. Illness-related STEC recalls were associated with a lower
percentage of product recovery which was probably impacted by larger amounts of product
recalled, broader production scope, and delays from epidemiological and traceback
investigations. Further, detection of illnesses related to STEC recalls seemed to be enhanced in
states with additional resources and a history of successful foodborne investigations. This makes
an argument for additional resources dedicated to public health agencies specifically for the
surveillance of foodborne illnesses.
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INTRODUCTION

In the United States, a number of government agen-
cies are responsible for overseeing the recall of con-
sumer products, from food products to boats and
motor vehicles to pesticides. However, fewer agencies,
such as the US Department of Agriculture, Food
Safety and Inspection Service (FSIS), collect and pub-
licly release recall-specific information on the amount

of product recovered following the recall [1]. Data on
the amount of recalled product recovered, or the num-
ber of product deficiencies corrected, following a recall
action can be used to analyse the effectiveness of
recalls and examine the consequences of removing un-
acceptable products from commerce.

FSIS coordinates recalls of meat products in the
United States as part of its mission to prevent food-
borne illness and ensure the safety of the country’s
food products regulated by the agency [2]. At the time
of a recall, FSIS officials release public notifications
through a variety of venues and post notifications and
distribution information on the agency’s website [1].
Following the recall, the agency additionally posts to
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its website the amount of recalled product recovered as
reported by the recalling establishment.

A 2014 study used FSIS data on the amount of beef
products recovered following recall actions due to
Shiga toxin-producing Escherichia coli (STEC) O157
to estimate the number of illnesses prevented by the
recall [3]. A simulation using a PERT probability dis-
tribution estimated that recalls averted 287 reportable
STEC O157 illnesses over an 8-year period from 2005
to 2012, which represents an estimated 7500 averted
illnesses when accounting for underdiagnosis [3].
Further, the results of a comparison between recalls
associated with foodborne illnesses (i.e. illness related)
and recalls without notification of illnesses (i.e. non-
illness related) suggested that more complete removal
of contaminated product from commerce may reduce
the risk of illness to consumers [3].

Traceback of food products suspected to be
involved in foodborne illnesses is essential for identify-
ing sources and vehicles of transmission, subsequently
controlling affected product, and preventing addition-
al illnesses; however, increasing complexity of food
supply chains can make product tracing more challen-
ging. FSIS regulatory actions were initiated for 59% of
STEC investigation-associated products for which
FSIS or state or local public health agencies con-
ducted traceback investigations [4]. Integrating results
of both the epidemiological investigation and trace-
back information is critical to identifying the source
of illnesses [5]. In the meat industry, many producers
have developed more precise product tracing capabil-
ities due to heightened awareness of the impact of
traceability on outbreaks and food safety [6].
However, limitations to effective and efficient trace-
back investigation of meat products still remain,
such as poor record-keeping at retail establishments
that grind beef products, which may delay recalls
and corrective actions [7].

Rapid detection of foodborne illness clusters by
public health surveillance systems is also critical for
preventing illnesses. However, resources available at
local and state government levels along with staff
expertise and interest, substantially impact the vari-
ability of jurisdictions’ detection capabilities [8]. In
the United States, collaborative efforts such as the
Foodborne Diseases Active Surveillance Network
(FoodNet) and the Environmental Health Specialists
Network (EHS-Net) have built capacity to respond
to foodborne diseases in participating sites [9].
However, the majority of jurisdictions in the United
States do not receive specific FoodNet or EHS-Net

funding and must rely on other local, state, or federal
funding sources.

The goal of this study was to assess the factors
affecting the amount of product recovered following
a recall due to STEC contamination by an
FSIS-regulated establishment. STEC O157 and
non-O157 together are estimated to cause about 176
000 domestically acquired foodborne illnesses each
year [10]. Consumption of ground beef, and under-
cooked ground beef in particular, has been identified
as a risk factor for illnesses due to STEC O157 and
certain non-O157 serogroups [11–16]. Seven ser-
ogroups of STEC (i.e. STEC O157, O26, O45,
O103, O111, O121, O145) are considered by FSIS to
be adulterants in ground beef, and their presence
alone will result in a recall action if a positive product
has entered commerce [1]. We also explored how the
detection of foodborne illness clusters leading to recall
actions vary depending on the jurisdictions involved.
Our results will lead to a better understanding of the
significance of the amount of product recovered fol-
lowing a recall. Furthermore, they will be used to bet-
ter understand improvements that are needed to more
quickly respond to illnesses and more completely re-
move contaminated product from commerce.

METHODS

Recall data

We obtained FSIS recall data for all STEC recalls car-
ried out by FSIS-regulated establishments from 2000
to 2012. A spreadsheet was edited to contain data
fields including the year, FSIS recall number, date
of the recall, establishment size, recall class, number
of pounds of product recalled, number of pounds of
recalled product that was recovered, type of product
recalled, and the reason for the recall. Public health
alerts, retail-level recalls, and state-initiated recalls
were excluded from the spreadsheet. Additionally,
recalls not closed at the time of the analyses or with
an unknown amount of product recalled were only
used in summary statistics but not included in the
analyses.

For each of the recalls listed in the spreadsheet, we
obtained additional data from recall press releases
posted on the FSIS website. The additional data
fields included whether the recall was subsequently
expanded after the initial recall; the earliest and
most recent production dates of recalled product; an
estimate of the extent of distribution using the number
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of states listed in public notifications; whether the
product was distributed to hotels, restaurants, or insti-
tutions (HRI); whether the recall involved product
imported into the United States or exported from
the United States; and whether product was fresh, fro-
zen, or both fresh and frozen.

Assessment of recall characteristics

All data were imported into SAS for Windows v. 9.3
(SAS Institute Inc., USA) for data manipulation and
analysis. Two new variables were created which repre-
sented the percentage of recalled product recovered,
the principal outcome variable, as well as the time
(i.e. number of days) between the earliest production
date of recalled product and the recall date. For
nine recalls, the percentage of recalled product
reported as recovered by the recalling establishment
exceeded 100%. In those instances, we adjusted the
amount to reflect a maximum of 100% of product
recovered. A P value ≤ 0.05 was considered indicative
of statistical significance for all analyses.

To assess the factors associated with product recov-
ery following STEC recalls, we used the Wilcoxon
rank-sum (WRS) test to compare the distribution of
the percentage of product recovered for several pre-
dictor variables, each with two groups. The categoric-
al predictor variables of interest included the size of
the establishment (e.g. very small establishments com-
pared against small and large establishments com-
bined), whether the recall included product imported
into the United States, whether the recall included
product exported from the United States, whether
the recalled product was distributed to HRI, whether
illnesses were associated with the recall, whether
recalled product was fresh or frozen, whether the re-
call was expanded, and whether the recalled product
was distributed on a metro/state (e.g. distributed to a
single metropolitan area), regional/sporadic, or na-
tional (i.e. distributed to >13 states or reported in
the public notifications as national distribution by
FSIS) basis. An additional categorical predictor vari-
able was created to better reflect recalled product with
a more limited distribution, which was defined as 42
states as reported on the FSIS website.

Specific to an analysis of how the extent of distribu-
tion impacted the percent of recalled product recov-
ered, we analysed three levels of distribution for two
variables (i.e. limited, regional/sporadic, or national
distribution; HRI, both HRI and retail, or retail distri-
bution) using Mantel’s test for trend.

Two discrete variables, the number of days between
the earliest production date and the recall date and the
total pounds of product recalled, were used in two sep-
arate approaches. First, they were compared to the
categorical predictor variables of interest using the
WRS test to specifically examine differences between
illness-related vs. non-illness-related STEC recalls.
Second, they were dichotomized at the median values
for an additional analysis. The variables were evalu-
ated against the percentage of product recovered,
also dichotomized using the median value, using
Pearson’s χ2 test.

Assessment of foodborne illness detection

To examine the relationship between illness cluster de-
tection and jurisdiction, we created two categorical
predictor variables representing whether the state dis-
tribution noted in the FSIS public notification
included states receiving FoodNet or EHS-Net fund-
ing. Additionally, using foodborne outbreak surveil-
lance data from 1998 to 2012 [17–20] we created an
additional categorical state tier variable which repre-
sented whether product distribution included states
that had the highest rates of outbreak reporting during
1998–2012. For recalled product distributed on a na-
tionwide basis, individual states are often not named
in the recall public notification. Therefore, for these
instances, it was assumed that recalled product was
distributed to at least one FoodNet, EHS-Net, and
higher outbreak reporting state. These three categoric-
al variables were evaluated against whether STEC
recalls were illness related vs. non-illness related
using Pearson’s χ2 test.

RESULTS

From 2000 to 2012, a total of 172 recalls by
FSIS-regulated establishments occurred due to
STEC, principally STEC O157, and were associated
predominantly with beef products, with a median of
12 recalls (range 5–22 recalls) each year. An estimated
84 000 000 lb or 38 000 metric tonnes (median 21 000
lb or 10 000 kg per recall) of beef, pork, and bison
products were recalled. An estimated 27 000 000 lb
or 12 000 metric tonnes (median 2000 lb or 900 kg
per recall) of recalled product were recovered.
Overall, for the 13-year study period, about 33% of
product recalled due to STEC was reported as
recovered.
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Evaluating all STEC recalls from 2000 to 2012, we
excluded one because it had an undetermined amount
of product recalled. A total of 171 STEC recalls were
included in the analyses. Figure 1 depicts the percent-
age of product recovered for both the STEC-related
and all other recalls. The extreme categories of
0–10% and 90–100% of recalled product recovered
accounted for >50% of the STEC recalls.

Assessment of recall characteristics

Lower amounts of product being recalled were asso-
ciated with products distributed on a metro/state
basis (WRS test, P< 0·001), on a more limited basis
(WRS test, P < 0·001), and exclusively to HRI
(WRS test, P< 0·001). Recalls of products distributed
nationally (WRS test, P < 0·001) and exclusively to re-
tail (WRS test, P = 0·003) were associated with higher
amounts of product recalled.

A higher percentage of recalled product recovered
by the establishment was associated with product dis-
tributed exclusively to HRI and conversely, a lower
percentage with product distributed exclusively to re-
tail facilities (Table 1). Progressively less recalled
product was recovered from exclusive HRI to com-
bined HRI and retail to exclusive retail distribution
(Table 2). Recalled products distributed on a more
limited basis positively affected the percentage of
product recovered following a recall due to STEC
compared to nationwide distribution (Table 1).

Further, recalled products distributed on a metro/
state basis positively affected the percentage of prod-
uct recovered (WRS test, P= 0·06). There were statis-
tically significant trends in the amount of recalled
product recovered and limited, regional/sporadic,
and national distribution (Table 2). There were no
statistically significant associations found with
recalled product recovered in the STEC recall analyses
for very small (WRS test, P = 0.1), small (WRS test,
P = 0.4), or large (WRS test, P = 0.5) establishment
size, involvement of imported product (WRS test,
P = 0.7), fresh (WRS test, P= 0.4) or frozen (WRS
test, P= 0.9) product, international distribution (WRS
test, P= 0.2), or recall expansions (WRS test, P= 0.5).

A greater number of days between the earliest pro-
duction date of recalled product and the recall date
was associated with decreased amounts of product
recovered for STEC recalls (χ2 = 27·9, P< 0·001).
Additionally, there was an inverse relationship be-
tween the amount of product recalled and the percent-
age of product recovered (χ2 = 15·2, P < 0·001).

Illness-related recall analysis

Illness-related recalls were associated with an
increased recall size (WRS test, P < 0·001), a greater
number of days between the earliest production date
of recalled product and the recall date (WRS test,
P< 0·001), and decreased percentage of product recov-
ered (Table 1). Illness-related STEC recalls were less
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Fig. 1. Percent of recalled product recovered, Shiga toxin-producing Escherichia coli vs. all other recalls, 2000–2012.
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likely than non-illness-related STEC recalls to be
associated with exclusive HRI distribution (χ2 = 5·6,
P= 0·02) and distribution on a metro/state (χ2 = 12·8,
P< 0·001) and more limited (χ2 = 23·8, P< 0·001)
basis. Illness-related STEC recalls were more likely
than non-illness-related STEC recalls to be associated
with nationwide distribution (χ2 = 20·7, P< 0·001).

Assessment of foodborne illness detection

FoodNet states were more likely than non-FoodNet
states to be listed for recalled product distribution for
illness-related STEC recalls compared to non-illness-
related STEC recalls as were EHS-Net sites (Table 3).
Using the tiered approach a similar trend was observed:
states that were never listed in the lowest tier of food-
borne outbreak reporting rates from 1998 to 2012 were
more likely to be listed for recalled product distribution
for illness-related STEC recalls (Table 3).

DISCUSSION

Our analyses suggest that the complexity of product dis-
tribution is a core predictor of the amount of recalled
product recovered following an STEC recall by an
FSIS-regulated establishment. HRI exclusive, metro/
state, and more limited distribution patterns were all
associated with higher recovery of recalled product.
Each of these scenarios would probably have a more
straightforward distribution chain. This would make
product recovery more rapid and more complete than
retail and national distribution, which were associated
with a lower recovery of recalled product.

The association between product recovery and the
number of days from the earliest production date for
contaminated product to the recall action is note-
worthy. Delays in initiating a recall would correspond
with more product being consumed and product
being distributed further through the supply chain,
both of which would correspond to less recalled prod-
uct being recovered. In this regard, complexity of distri-
bution and product recovery may increase the
likelihood of contaminated product consumption lead-
ing to the occurrence of an outbreak. In order to maxi-
mize recall effectiveness, and prevention of foodborne
illnesses, robust systems need to be in place to facilitate
early detection of foodborne illness clusters as well as a
timely and successful response. To help accomplish
this, the multidisciplinary Council to Improve
Foodborne Outbreak Response (CIFOR) has created
foodborne outbreak detection and investigationT
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guidelines for government agencies, including perform-
ance measures for public health agencies [21].

The association between illness-related recalls and a
smaller amount of recovered products is likely to have
resulted from a number of factors. Themajority of non-
illness, pathogen-related recalls in the dataset are due to
positive results of FSIS or establishment pathogen-
testing programmes at the establishment. This type of
recall tends to be more timely and therefore product
would not be as thoroughly distributed, have a more
straightforward recall scope, and generally a smaller
quantity compared to illness-related pathogen recalls.
Additionally, traceback is more difficult when product
has been more thoroughly dispersed into the food
chain, especially when enough product has been disse-
minated to result in a cluster of illnesses, vs. reacting
to a positive pathogen test from an establishment. In
2013, FSIS required establishments to begin controlling
products tested by FSIS for adulterants, such as STEC
O157, until all test results are received [22]. This action

will lead to more contaminated products being with-
held from commerce, and thus reduce the total number
of product recalls. It is expected that a greater percent-
age of future recalls will be generated as a result of ill-
ness investigations.

Our results suggest that improvements within the en-
tire system, from detection to investigation to recall, are
needed to limit the amount of contaminated product
reaching consumers. The association between FoodNet,
EHS-Net, and higher outbreak-reporting states and
illness-related STEC recalls suggests that improvements
in detection of foodborne illness clusters, and additional
resources for local and state public health agencies to in-
vestigate these clusters, are needed. This finding is sup-
ported by previous studies which have found that
involvement of FoodNet states in a foodborne illness in-
vestigation was associated with regulatory action [4] and
that surveillance can be linked to public health outcomes
[23]. As for illness-related recalls, more efficient food-
borne illness investigations would lead to a more rapid

Table 2. Trends associated with recovery of recalled products for Shiga toxin-producing Escherichia coli, 2000–2012

Shiga toxin-producing Escherichia coli recalls*

Recall characteristic levels
Lower product recovery
(number, row percentage)

Greater product recovery
(number, row percentage)

Limited distribution† 30 (35%) 56 (65%)
Regional/sporadic distribution† 27 (60%) 18 (40%)
National distribution† 28 (72%) 11 (28%)

Mantel’s test for trend: 16·4, P < 0·001

Exclusive HRI distribution 16 (30%) 37 (70%)
Combined HRI and retail distribution 21 (60%) 14 (40%)
Exclusive retail distribution 41 (61%) 26 (39%)

Mantel’s test for trend: 10·8, P = 0·001

HRI, Hotel/restaurant/institution.
* Product recovery dichotomized at the median value (18%).
† Product distribution: Limited = distribution to 42 states; Regional/sporadic = distribution to >2 but <14 states;
National = ‘national distribution’ in recall press releases or distribution to >13 states.

Table 3. Assessment of foodborne illness detection for Shiga toxin-producing Escherichia coli recalls, 2000–2012

Shiga toxin-producing Escherichia coli recalls

Recall characteristic (states) Illness related Non-illness related χ2, P

FoodNet states (at least one) 36/41 78/130 10·8, P = 0·001
EHS-Net states (at least one) 34/41 76/130 8·1, P = 0·004
Higher tier states (at least one) 38/41 91/129 8·3, P = 0·004

FoodNet, Foodborne Diseases Active Surveillance Network; EHS-Net, Environmental Health Specialists Network; Higher
tier states, states that were never represented in the lowest tier of outbreak reporting rates of foodborne outbreak surveillance
summaries from 1998 to 2012.
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recall action, reducing the amount of time between pro-
duction and recall dates. Agile investigations encompass-
ing coordinated, rapid, and innovative product tracing
are needed [5, 24–27] alongwith investments in resources,
training, and expertise.

To improve our ability to evaluate the public health
impact of recalls, improvements in data quality are
needed. The amount of product recovered is reported
from the recalling establishment to FSIS. Although a
certain amount of uncertainty is inherent, more accurate
and complete reporting is needed. While not directly
addressed in our analysis, we noted that for a number
of recalls, the amount of product recovered was greater
than the amount of product recalled. A mechanism is
needed for scrutinizing these occurrences more closely,
collecting descriptive data, and indicating why the dis-
crepancy occurred (e.g. commingling of both recalled
and non-recalled products). Additionally, we would rec-
ommend recall case studies with the goal of better under-
standing the quantities reports and refining the analyses.
To assess early detection and surveillance, we were lim-
ited to using the states initially highlighted inFSIS public
notifications available online. These states could consist
only of knowndistributors andmay not represent the en-
tire distribution chain of recalled product. Preserving the
full distribution by state once it has been uncovered
would be beneficial for future studies of this nature.
More systematic and complete collection and mainten-
ance of descriptive recall data are also needed.
Additionally, we hypothesize that recalled products, es-
pecially ground meat products, produced at the estab-
lishment as case-ready products (e.g. in the final
consumer package) would have a higher percentage of
product recovered compared to products that are subse-
quently re-processed or relabelled. Those data are cur-
rently not readily available.

Recent changes in the production and regulation of
ground beef products should reduce public exposure
to contaminated product. However, reducing risk is
not the same as eliminating risk. A strong system of
public health surveillance will become increasingly im-
portant for the rapid identification and recall of con-
taminated products in commerce.
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