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SUMMARY

Background

FSIS is the food safety agency of the United States Department of Agriculture (USDA).
With its mission of promoting public health, FSIS has legal authority to regulate the
slaughter and production processes of meat and related industries. FSIS is currently
considering proposals to improve public health through the design of a modernized
approach to swine inspection known as the New Swine Inspection System (NSIS). FSIS
conducted this public health risk assessment to inform proposals for altering market hog
slaughter establishment inspection under a NSIS.

Currently, FSIS Inspection Program Personnel (IPP, “inspectors”) in market hog
establishments perform a variety of online and offline duties. Online duties include
examining carcasses and parts for food safety and non-food safety defects, while offline
duties include verifying compliance with sanitation, Hazard Analysis and Critical Control
Point (HACCP), and humane handling requirements. Many of the online inspection tasks
currently carried out by FSIS inspectors are related to food quality and do not align with
the FSIS mission of food safety. This risk assessment aims to estimate any potential
change in illness or risks, measured as change in Salmonella prevalence, from modifying
the allocation of FSIS inspectors in market hog slaughter establishments. To do so, this
report considers multiple alternative scenarios that provide FSIS inspectors more time
and flexibility to perform offline inspection tasks.

This report, which has undergone a formal peer review, is consistent with FSIS’ focus on
Salmonella outlined in the Agency’s 1996 implementation of the HACCP inspection
system. That focus was due to the following key characteristics of Salmonella: “...(1) it
is the most common bacterial cause of foodborne illness; (2) FSIS baseline data show that
Salmonella colonizes a variety of mammals and birds, and occurs at frequencies which
permit changes to be detected and monitored; (3) current methodologies can recover
Salmonella from a variety of meat and poultry products; and (4) intervention strategies
aimed at reducing fecal contamination and other sources of Salmonella on raw product
should be effective against other pathogens” (FSIS, 1996). In addition, FSIS’ exploratory
sample recently confirmed that Sa/monella is much more frequently detected in pork
products (16.7%) than methicillin-resistant Staphylococcus aureus (4.5%)".

!'Results of Phase I of FSIS’ pork exploratory study can be found at:
https://www.fsis.usda.gov/wps/portal/fsis/topics/data-collection-and-reports/microbiology/special-sampling-
projects/raw-pork-sampling.
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In October 1997, FSIS initiated the voluntary HACCP-based Inspection Models Project
(HIMP) in five market hog slaughter establishments that volunteered to participate in the
project. With HIMP implementation, participating establishments streamlined their
slaughter process so that their personnel are responsible for online examining and sorting,
decreasing the number of FSIS inspectors needed to conduct many of those activities
(FSIS, 2011a). This allowed for FSIS inspector reassignment to offline duties including
humane handling verification and HACCP and sanitation inspection procedures and food
safety-related tasks.

HIMP establishments have demonstrated the capacity for FSIS inspectors to conduct up to
50% more offline procedures than in non-HIMP establishments. One policy option FSIS
is considering is to implement a voluntary inspection system, similar to HIMP, for market
hog establishments under the NSIS. This change would relocate some FSIS inspectors
from online to offline duties, performing public health-related and other assignments
while still verifying that establishments consistently maintain sanitary operations.

Structure and Scope
The quantitative probabilistic food safety risk assessment detailed in this report aims to

estimate potential changes in illness or risks from modifying the allocation of FSIS
inspectors in market hog slaughter establishments. This assessment uses the historical
relationship between variations in the numbers and completion status of scheduled and
unscheduled off line! inspection activities recorded in FSIS-regulated market hog slaughter
establishments and the prevalence of Sa/monella on carcasses in these establishments. This
relationship is then used to estimate changes in the number of domestic market hog-
attributable human salmonellosis cases that would be expected to result from
implementation of a HIMP-like inspection system in more establishments, according to the
prevalence-based risk model.

The prevalence-based approach employed in this risk assessment—and applied to
prevalence and inspection records from hog slaughter facilities—is the same approach
used in the peer reviewed risk model used for the 2014 risk assessment supporting
Modernization of Poultry Slaughter Inspection (79 FR 49565), namely a production-

! Performed procedures are recorded by FSIS inspectors at each establishment to determine noncompliance with USDA
food safety regulations. For this assessment activities are categorized as scheduled and performed (SP); scheduled but
not performed (SNP); unscheduled (U); or a noncompliance record (NR). These categories of procedure types and
characteristics will be termed “inspection activities” throughout the remainder of the Executive Summary and in the

body of the report.
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weighted logistic regression of positive and negative Salmonella test results on illness
risk variables including plant descriptors and FSIS inspection procedures using maximum
likelihood estimates (MLE) for parameters with a multivariate normal (MVN)
distribution employing Monte Carlo simulated errors that result in the uncertainty
estimate for illnesses avoided.

This model uses the correlation between FSIS sampling prevalence data and foodborne
illnesses, with attribution estimates published by the U.S. Centers for Disease Control and
Prevention (CDC). By applying this linear relationship to the variety of novel inspection
program scenarios, this risk assessment estimates the changes in annual human illnesses
that could result depending on how FSIS modernizes its swine inspection system.

As with any formal risk assessment, data limitations mean that this assessment relies on
assumptions. The model and analyses presented examine available data to describe the
quantitative relationship between observed Sa/monella-positive hog carcass samples and
inspection activities taking place in market hog slaughter establishments. The
relationship is modeled using a number of potential decision variables in individual- and
combined-adjustment scenarios. It is assumed that the observed association of decision
variable rates and percentage Salmonella positive samples, from 2010 to 2011 with 7,471
samples from 164 market hog establishments, is predictive of the underlying relationship
in all plants that may adopt the new protocol. However, we could not fully quantify the
uncertainty in this relationship due to the low prevalence of Salmonella positive samples
on hogs?.

It is further assumed that there is a proportional relationship between observed
Salmonella positive samples in market hog slaughter establishments and market hog-
attributable human salmonellosis. A great deal of the quantitative portion of this risk
assessment focuses on these two relationships. The methods used here have been applied
extensively in other peer reviewed published risk assessments (Bartholomew et al., 2005;
Williams and Ebel 2012; Ebel et al., 2012; Withee et al., 2009).

An additional assumption includes that there is a relationship, similar to the relationship
observed in poultry products, between market hog carcass contamination rates and

2 As FSIS explained in the proposed rule (83 FR 4780, 4786), the Agency discontinued its Salmonella verification
sampling program for market hogs in 2011 because the estimated prevalence of Salmonella on hog carcasses was low,
and FSIS did not find enough pathogen positives to justify the resources needed (e.g., time and supplies) to conduct
carcass swabbing.
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contamination of downstream pork products (parts, ground pork) that are consumed.
These assumptions are discussed in depth in the report. Further, although this risk
assessment does not compare the 5 HIMP to the 35 non-HIMP establishments that FSIS
anticipates would adopt a new inspection system, it does assume that the non-HIMP
establishments would experience similar changes in the divisions of scheduled versus
unscheduled, and performed versus unperformed inspection activities to that which was
observed for the 5 HIMP establishments. It also assumes that other characteristics are
similar between the two. Where data were available, this analysis controlled for these
differences (see Appendix C).

Because the relationship between contamination prevalence and illnesses applied in this
risk assessment is based on observed relationships, and because there is no evidence or
reason to believe that modernizing FSIS’ swine inspection system would systematically
change consumer behavior, storage and transport characteristics, or the sources or
likelihood of cross-contamination at retail, this model does not explicitly include those
sources of uncertainty. The predictive value of contamination prevalence as opposed to
contamination load in estimating human illnesses was also validated internally in the risk
assessment, with an analysis of variance (ANOVA) test indicating that carcasses
slaughtered in establishments with relatively low prevalence of Salmonella did not show
significantly different contamination load (measured by enumeration of Sa/monella
colony-forming units per gram) when compared to establishments with relatively high
prevalence of Salmonella. In other words, if the proportion of carcasses with no detectable
Salmonella contamination increases with implementation of a NSIS, illnesses caused by
consumers’ exposure to these carcasses are expected to decrease proportionally.

The model is designed to account for multiple sources of uncertainty, thus producing
illness reduction estimates as statistical expected values (averages) within robust
uncertainty bounds. This is achieved by understanding the three multiplicative
multicomponent sources of uncertainty that contribute to estimates of overall uncertainty.
These sources are (1) U.S. annual non-typhoidal domestic market hog foodborne
salmonellosis cases, (2) market hog pork product contamination characterized as
prevalence, and (3) scenario uncertainty arising from model parameters and data
variability.

The largest contributor to overall uncertainty in this risk assessment model is the estimate
of human illnesses. To address the fact that no surveillance system can perfectly capture
all foodborne illnesses and the items consumed to cause them, CDC analysts modeled
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average values for domestic foodborne Salmonella illnesses attributed to pork. They
calculated Bayesian credibility intervals around these averages, constructed from a
complex multiplicative model consisting of 15 uncertainty distributions. The underlying
dataset is made up of laboratory confirmed human salmonellosis cases. This number is
then sequentially multiplied by distributions that take into account illness severity, test
sensitivity, under-diagnosis, underreporting, population density adjusted to 2006 U.S.
census estimates, and the potential for Salmonella illnesses to have arisen from various
sources other than domestically produced food (Scallan, 2011). Within this risk
assessment of market hog slaughter inspection systems, illness estimates attributable to
total pork consumption were adjusted by production volume to identify the fraction and
number of illnesses attributable to market hog products.

Lesser but still significant contributors to the uncertainty around this risk assessment’s
final estimates of illnesses avoided include (1) model parameters accorded multivariate
normal variability with Monte Carlo uncertainty, and (2) multiplicative scenario
parameter and individual Pert distribution uncertainty which, when combined
multiplicatively and propagated through all stages of the model, provide robust mean
illness reduction estimates, as well as robust uncertainty bounds.

Within FSIS information systems, inspection activities are identified by inspection system
procedure codes that differentiate groups of activities such as sanitation, HACCP, and
sampling. Each code is further delineated into more precise procedures which are noted in
the system as one of the following potential decision variables: activities scheduled and
performed (SP); scheduled but not performed (SNP); unscheduled (U); or a
noncompliance record (NR) for performed procedures recorded as an establishment’s
noncompliance with USDA food safety regulations. Noncompliance records were
included in this assessment for theoretical evaluation only as a possible decision variable
because they had been used in the New Poultry Slaughter Inspection (NPIS) risk
assessment which used a similar overall approach. For this market hog slaughter risk
assessment, the variables associated with these activities represent the sum of each type of
category across the various inspection procedure codes in an establishment on each day
that a Salmonella sample was collected. Unlike SP, SNP, and U, NR depends on
noncompliance by establishments and is not used as an FSIS decision variable. Historic
occurrences of establishment noncompliance may help explain variability in pathogen
performance that already has been observed. However, because future NR rates mostly
depend on the behavior of establishments, it is not feasible to assume that they can be
varied (like SP, SNP, and U) solely by reallocating agency inspection resources.
Therefore, implementation scenarios that simulate future changes in the NR variable are
14
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considered infeasible, but their theoretical examination potentially offers risk management
insights.

There are two analytical stages in this risk assessment model. The model is divided into
four submodels: samples taken at HIMP (five establishments) and non-HIMP (159
establishments) both at pre-evisceration and post-chill, focusing on the one submodel for
non-HIMP establishments at post-chill. In Stage 1, the regression model uses historical
data to characterize the relationship between the numbers of offline procedures in each
potential decision variable category (SP, SNP, U, and NR) and the percentage of market
hog carcass samples that are positive for Sa/monella. The selection of decision variables
was informed by previous experience with the Poultry Slaughter Risk Assessment model
(FSIS, 2014). The relationships calculated in Stage 1 are used as input for Stage 2. Stage 2
uses these relationships to estimate how applying inspection procedure rates for decision
variables from HIMP establishments to more non-HIMP establishments would impact the
annual number of human salmonellosis cases by using the results only from the post-chill
submodel for non-HIMP establishments.

For Stage 2, different scenarios that reflect expected changes in decision variable rate(s)
when non-HIMP establishments are theoretically converted to a HIMP-like program are
constructed and compared. The predicted changes in percentage of Sa/monella positive
samples that would result from these scenarios are used to calculate proportional changes
in the number of market hog-attributable annual human salmonellosis cases. There are two
implementation scenario types considered for adoption, indiscriminate (multiple decision
variable dependent) and discriminate (single decision variable dependent). Under the
indiscriminate scenarios, modifications in the rates of up to four decision variables (SP,
SNP, U, and NR) are modeled in combination. Under the discriminate scenarios, each
decision variable rate is modeled one at a time to increase or decrease independent of any
other decision variable.

Of the various scenarios considered for adoption, only the indiscriminate scenario
involving only the SP, SNP, and U decision variables was used for the final analysis. The
risk model was built from the sampling data from 159 market hog slaughter
establishments over the 2010-2011 time periods. A subsample of 35 establishments most
probable to adopt the new inspection system was used to estimate the probable public
health effect using the predictive model obtained from the full sample of establishments.
Because the uncertainty from the subsample of 35 establishments was large due to the
small sample size, additional inspection data from these establishments during the 2010-
2011 time periods was used to assess uncertainty in public health effect. The uncertainty
15
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predictions assumed no change in the Salmonella prevalence and inspection rates which
were held to the 2010-2011 time period level. All model predictions are related to the
2010 through 2011 time period, even though Salmonella sampling stopped for all pork
establishments by 2012, and review of FSIS data through 2016 showed a production
volume increase of nearly 10% and unchanged inspection rates in these establishments.
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Risk Management Questions
This risk assessment addresses the following risk management questions to help

inform FSIS on its decisions related to modernizing market hog slaughter
inspection:
o What predicted effects will various models for increasing the number of offline
inspection tasks in non-HIMP establishments have on human salmonellosis
rates?

o Where within a hog slaughter establishment can relocated inspectors have the
most impact toward reducing Salmonella prevalence and corresponding
human illness?

o What is the magnitude of uncertainty about the predicted prevalence and
illness effects?

Findings
What predicted effects will various models for increasing the number of offline

inspection tasks in non-HIMP establishments have on human salmonellosis rates?
The expected number of salmonellosis cases attributed to market hog products annually
(annual salmonellosis rate) is estimated to be 69,857 (calculations and references
detailed in the Methods section of this report, Table 6). Overall results indicate that
modifying non-HIMP establishments’ inspection procedure rates in any of the model
scenarios presented is most likely to decrease salmonellosis illnesses. The
indiscriminate scenario model relies on changes in the rates-- treating up to four
variables as potential decision variables and modifying them in combination. This type
of scenario is most like HIMP establishments as it was designed to represent generalized
HIMP-like procedure rates adjusted for plant characteristics.

Certain scenarios containing the NR decision variable were found to be infeasible. For
example, NR procedure occurrence is positively correlated with prevalence, which is
problematic in the long run when models rely on the assumption that NR rates are
dependent on the numbers of inspection procedures performed.

When the feasible indiscriminate scenario (SP+SNP+U) is considered, the prevalence at
post-chill is estimated to decrease on average 7.08% (4,944 illnesses) with full
implementation (all 159 market hog establishments participate), and to decrease on
average 3.63% (2,533 illnesses) if only the 35 large and small non-HIMP establishments
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adopt a NSIS. Under the infeasible indiscriminate scenario (SP+SNP+U+NR)
Salmonella prevalence at post-chill is estimated to decrease on average 10.49% (7,327
illnesses) with full implementation, or to decrease on average 9.20% (6,426 illnesses) if
only 35 establishments participate. There are potential tradeoffs to consider among the
implementation scenarios evaluated under various models. If only a single discriminate
scenario is considered, there is less than a 0.01% probability of an adverse effect—that
is, an increase in illnesses in response to the inspection system change—under the SNP
scenario, while the SNP+U and SP+SNP indiscriminate scenarios both have
probabilities of an adverse effect of less than 5%. However, the illness reduction for any
of these scenarios is less than half that of the preferred scenario.

Where within a hog slaughter establishment can relocated inspectors have the most
impact toward reducing Salmonella prevalence and corresponding human illness?
Redistribution of inspectors to offline inspection activities in the inspection categories
evaluated is estimated to produce a reduction in human salmonellosis cases. The model
predicts that maximum reduction in the percentage of Salmonella positive samples and
market hog-attributable salmonellosis cases occurs when the average numbers of offline
inspection procedures performed (SP and U) increase 25% and the numbers of SNP and
NR inspection procedures decrease 50% and 46.67%, respectively. Among the feasible
implementation scenarios, the highest estimated mean reduction in illnesses is obtained
by scenarios that reallocate inspectors to increasing both SP and U while decreasing SNP.
As noted above, however, the results suggest a tradeoff between potential gains and the
degree of confidence in doing no harm.

What is the magnitude of uncertainty about the predicted prevalence and illness
effects?

The approach used in this assessment, which models the relationship between the
frequency of inspection activities and pathogen prevalence, quantitatively explores some
sources of uncertainty in the change in future inspection activities that would likely be
observed, and the rates of human salmonellosis attributable to market hog-derived
products. The data limitations and assumptions discussed above, including the low
prevalence of contamination on hog carcasses and the assumptions regarding the
similarity fidelity of the implementation in the plants that did and did not participate in
HIMP, could not be quantitatively modeled, thus are limitations of the modeling
performed in this report. However, we were able to quantitatively explore other aspects
of the uncertainty in the modeling parameters using methods and data sources described
in the Methods and Results sections of this assessment.
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Under the feasible (SP+SNP+U) scenario with full participation, the model estimates an
average reduction in prevalence of 7.08% with uncertainty bounds (10" and 90%
percentiles, respectively) of 3.42% and 10.71% reduced prevalence. Analysis of the
feasible (SP+SNP+U) scenario with all inspection data from 2010-2011 for the 35-
establishment subset produced an estimate of average reduction in prevalence at 3.63%,
with 10" percentile uncertainty bound increase of 2.46% and a 90" percentile uncertainty
bound decrease of 9.57% reduced Salmonella contamination prevalence. Further analysis
of the feasible (SP+SNP+U) scenario with all inspection data from 2010-2011 for the 35-
establishment subset produced an estimate of average reduction in prevalence at 3.63%,
with 10" and 90™ percentile uncertainty bounds at 1.10% and 6.14% reduced Salmonella
contamination prevalence.

As a result of these prevalence changes, under the feasible (SP+SNP+U) scenario with
full participation, the model estimates an average change in illnesses of 4,944 with
uncertainty bounds of 2,386 illnesses avoided (10" percentile) and 7,481 illnesses
avoided (at the 90" percentile uncertainty bound). There is a 3.8% probability of any
adverse effect (i.e., an increase in illnesses). Analysis of the feasible (SP+SNP+U)
scenario with empirical inspection data from 2010-2011 for the 35-establishment subset
gave uncertainties of average illness reduction of 2,533 illnesses with the 10™" and 90™
percentiles of an increase 1,719 in illnesses and 6,685 decrease in illnesses, respectively.
Overall there is approximately 80% probability of a decrease in illnesses. Further
analysis of the feasible (SP+SNP+U) scenario with all inspection data from 2010-2011
for the 35-establishment subset gave uncertainties of average illness reduction of 2,533
with the 10® and 90" percentiles of 768 and 4,287 respectively, and a 4.0% probability
of any adverse effect, or 96% probability of a decrease in illnesses. The magnitude of
the uncertainty is such that the mean of the estimated uncertainty distribution suggests a
reduction in illnesses under all scenarios considered.

Under the infeasible (SP+SNP+U+NR) scenario with full participation, the model
estimates an average prevalence reduction of 10.49% with uncertainty bounds (10" and
90™ percentiles, respectively) of 6.55% and 14.83% reduced prevalence. If only the 35
large and small non-HIMP market hog establishments adopt a NSIS, under the
infeasible indiscriminate scenario (SP+SNP+U+NR), the model estimates a reduction in
prevalence at 9.20%, with 10" and 90 percentile uncertainty bounds at 6.49% and
12.19% reduced Salmonella contamination prevalence; with the 2,330 sample days:
9.20%, with 10" and 90™ percentile uncertainty bounds at 2.48% and 16.67% reduced
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Salmonella contamination prevalence.

The model predicts, for the infeasible indiscriminate scenario (SP+SNP+U+NR) with
full participation, an uncertainty distribution of change in illnesses with a 10" percentile
decrease of 4,578 and 90" percentile decrease of 10,357 with an average decrease of
7,327 and a 1.4% probability of any adverse effect. If only the 35 large and small non-
HIMP market hog establishments adopt a NSIS, under the infeasible indiscriminate
scenario (SP+SNP+U+NR), the model predicts an uncertainty distribution of changes in
illnesses with a 10" percentile decrease of 4,533 and a 90" percentile decrease of 8,514
with an average decrease of 6,426 and a > 98% probability of a decreasing illnesses.
The corresponding estimates for the 2,330 sample days are a 10" percentile decrease of
1,732 and a 90" percentile decrease of 11,643 with an average decrease of 6,426 and
approximately a 93% probability of a decreasing illnesses.
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INTRODUCTION
FSIS is the food safety agency of the United States Department of Agriculture (USDA).

With its mission of promoting public health, FSIS has legal authority to regulate the
slaughter and production processes of meat and related industries. FSIS is considering
modernizing its market hog slaughter inspection system by implementing a New Swine
Slaughter Inspection System (NSIS). Key FSIS policy objectives in modernization are
permitting flexibility for establishments to meet their specific quality and production
standards, improving the efficiency with which the Agency can verify that slaughter
establishments maintain safe production practices over time, and continuing to ensure
that FSIS-regulated establishments produce safe products in accordance with FSIS
statutory and regulatory requirements. Currently, FSIS inspectors in market hog
establishments perform hands-on online inspection tasks, such as identifying bruises that
do not necessarily contribute to food safety. The primary goal of this risk assessment is to
understand the downstream public health effects of altering allocation of inspectors in
more hog slaughter establishments. To this end, this report considers multiple scenarios
that provide FSIS inspectors more time and flexibility to accomplish offline inspection
tasks focused on establishment-specific public health risk factors.?

Overview of HACCP-based Inspection Models Project (HIMP)

FSIS initiated the voluntary HACCP-based Inspection Models Project (HIMP) in five
market hog slaughter establishments in 1999. Under HIMP, FSIS inspectors are able to
focus on offline inspection activities including humane handling and sanitation inspection
procedures, HACCP verification, and other food safety-related tasks. Specifically, the
HIMP market hog inspection system has one Public Health Veterinarian, two or three
online carcass inspectors (CI), and up to two off-line verification inspectors (VIs)
assigned to each line. The online Cls inspect every head, viscera, and carcass at fixed
locations on the slaughter line (See Schematic 1) to ensure that market hog products
receiving the USDA mark of inspection are not adulterated. The off-line VIs perform
system verifications and the 24 carcass food safety check. Industry personnel conduct
sorting activities for food safety and non-food safety defects before FSIS inspection.
FSIS inspectors continue to ensure that the establishment’s ante- and post-mortem
process controls meet regulatory standards through online carcass-by-carcass inspection.
The major difference between HIMP and non-HIMP inspection is that the FSIS offline
inspectors (VI in Schematic 1 below) perform 24 food safety carcass checks versus 11
carcass food safety checks at non-HIMP market hog slaughter establishments. The
number of checks is higher under HIMP to support increased verification that
establishment personnel have properly sorted and removed diseased animals at ante-
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mortem and identified and removed unacceptable carcasses and parts at post-mortem just
prior to FSIS inspection.

HIMP Market Hog Inspection

PHV/IIC >

E

Prepare and
clean carcass Separation Separation of Carcass
. Carcass . .
for separation [—» of carcass [—» carcassand [ Trimmed —= verification
of head and and head viscera location
viscera
Carcass

Online Cl = Carcass, head and viscera inspectors -
*Offline VI = System Verifications chilling
++0ffline VI = 24 Carcass Food Safety Checks

PHV/IIC = System Inspection

Schematic 1: Process Flow for HIMP Market Hog Inspection Systems
Source: Evaluation of HIMP for Market Hogs, FSIS 2014

Comparison of HIMP and non-HIMP inspection

FSIS, in a previous analysis, has compared the 5 HIMP market hog establishments with a
comparison set of 21 non-HIMP market hog slaughter establishments selected to be
comparable with HIMP market hog establishments with respect to production volume,
line speed, and days of slaughter operation. (FSIS, 2014). Those analyses found no
statistically significant difference in the prevalence of Salmonella-positive samples
observed in HIMP establishments compared to non-HIMP establishments during the
sampling period (CY 2006 to CY 2010). However, the limited number of samples
collected per plant, the low prevalence of contamination, and the small number of HIMP
establishments relative to non-HIMP establishments means that there is low statistical
power to detect differences between inspection systems.

To address those concerns, this risk assessment is designed using weighted regression
modeling and Monte Carlo simulation to address the following specific risk management
questions:
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Risk Management Questions
o What predicted effects will various models for increasing the number of offline

inspection tasks in non-HIMP establishments have on human salmonellosis rates?
o Where within a hog slaughter establishment can relocated inspectors have the
most impact toward reducing Salmonella prevalence and corresponding human
illness?
o What is the magnitude of uncertainty about the predicted prevalence and illness

effects?

The remainder of this document discusses the data and methods that were used in the risk
assessment, the results of the analysis and discussion of those results. The main body is
followed by nine appendices, which provide more details about the model used in the
main body (Appendix A); data sets (Appendix B);a discussion of model selection
(Appendix C); details about the inspection procedure decision variables (Appendix D);
details about the structural variables (Appendix E); an analysis using data splitting
(Appendix F); sensitivity analysis (Appendix G); additional discussions of alternative
models, data transformation, power analysis and multicollinearity diagnostics (Appendix
H); and a list of variables and coding used to denote data in the risk assessment model
(Appendix I).
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DATA

1. FSIS Microbiological Data: 7,471 sampling results from 5 HIMP and 159 non-

HIMP (164 total) market hog slaughter establishments

a. Market Hog Baseline study (August 2010 - August 2011) Salmonella sampling
data from 148 establishments (including 5 HIMP). 3,846 samples: 1,925 collected
at the pre-evisceration stages of the slaughter process and 1,921 collected at post-
chill (following final interventions).

b. PRZHACCP market hog carcass sampling data (August 2010 - December 2011)
referred to as “routine sampling” from 20 establishments (including 5 HIMP).
3,625 post-chill samples from the Salmonella verification program results.

Table 1 and Table 2 summarize the microbiological data.

Table 1: Number of Establishments Sampled in Baseline Study and Routine Sampling
Number of Market Hog Establishments Sampled

Baseline PR-HACCP All
Pre-Evisceration Post-Chill Routine Total
non-HIMP 142 143 16 159 (143+16)
HIMP 5 5 4 5
Total 147 148 20 164

Abbreviations: HIMP (HACCP-based Inspection Models Project); PR-HACCP (Pathogen Reduction; Hazard Analysis and
Critical Control Point). HIMP establishments were included in both the Market Hog Baseline and PR-HACCP studies. Pre-evis
and post-chill samples were taken from Baseline non-HIMP plants while PR-HACCP Routine samples were only from the post-
chill stage of slaughter. Some plants are double-counted except in the “All / Total” column.
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Table 2: Summary of Establishment Type-Specific Sample Location and Results

Number of Number of
samples tested samples positive % Salmonella
for Salmonella  for Salmonella Positive
All Non-HIMP Establishments
Baseline Study, Pre-Evisceration 1,638 1,163 71.00
Baseline Study, Post-Chill 1,634 48 2.94
Routine (Post-Chill) 3,412 97 2.84
All HIMP Establishments
Baseline Study, Pre-Evisceration = 287 175 60.98
Baseline Study, Post-Chill 287 2 0.7
Routine (Post-Chill) 213 2 0.94
All Establishments (HIMP and Non-HIMP)
Baseline Study, Pre-Evisceration 1,925 1,338 69.51
Baseline Study, Post-Chill 1,921 50 2.6
Routine (Post-Chill) 3,625 99 2.73
35 Large and Small non-HIMP Establishments
Pre-Evisceration 1,278 984 77.00
Post-Chill 1,276 24 1.88
Routine (Post-Chill) 933 11 1.18

Abbreviations: HIMP (HACCP-based Inspection Models Project). Routine (post-chill) samples were only from the post-chill
stage of slaughter from establishments in the PR-HACCP study.

2. Inspection Procedures Data:
Inspection procedure activities carried out at FSIS-regulated establishments are
scheduled by FSIS headquarters and are performed by inspectors as time allows. For
our model, the numbers of inspection procedure activities are classified under four
potential decision variable categories: activities (1) scheduled and performed (SP), (2)
scheduled but not performed (SNP), (3) unscheduled (U), and (4) noncompliance
records (NR). Scheduled and Performed Procedures (SP) are the number of
procedures that are scheduled at headquarters and that the inspector completes in the
specified establishment within a given period of time. Scheduled and Not Performed
Procedures (SNP) represents the number of procedures that are scheduled at
headquarters but that the inspector does not complete in the specified establishment
within a given period of time. Unscheduled Procedures (U) are procedures not on the
scheduled list for each establishment but that may be performed in response to possible
establishment noncompliance with regulations or simply as an expansion of routine
inspection procedures when time and personnel are available. More unscheduled
procedures are performed when establishments are fully staffed and offline inspectors
are not required to fill line positions or are not required to perform

25



September 2019 Public Health-Based Market Hog Slaughter Inspection Risk Assessment

other duties. Noncompliance Records (NR) are written records that document
noncompliance with FSIS regulations, capturing when an inspector finds that an
establishment is not properly implementing its sanitation, HACCP, or other food safety
procedures or processes, and/or other controls. A NR notifies the establishment of the
noncompliance and that it should take action to remedy the situation and prevent its
recurrence. NRs may be observed and recorded when performing scheduled and
unscheduled procedures.

Procedure codes and results for inspection activities within these categories were
recorded in the same 164 establishments and on the same days as the Sal/monella
sampling cultures described in parts (1.a) and (1.b) above (August 2010 - December
2011). The data set contained records of 165,506 offline inspection activities — 111,225
were SP, 9,088 were SNP, 40,686 were U, and 4,507 were entries documented as
noncompliance records. Inspection data was retrieved from the FSIS Performance Based
Inspection and Public Health Information Systems (PBIS and PHIS).

3. Human Illness Data:
Estimates for the annual number of human salmonellosis cases attributable to market hog

consumption are based on values from Centers for Disease Control and Prevention
(CDC) foodborne illness FoodNet surveillance and outbreak surveillance data) as
reported by Scallan (CDC, 2011)? and Painter (2013)®, as well as analysis of FSIS data
(2010-2015). Distribution parameters and percentile estimates are detailed in the
Methods section of this report.

aScallan (2011) Salmonella surveillance data 2005-2008
b Painter (2013) Salmonella outbreak data 1998-2008 Technical Appendix 1 Table 5 where the
distribution mode is 6.3%

ASSUMPTIONS

As with any complex risk assessment, this risk assessment relies on a number of
assumptions. The major assumptions utilized in this risk assessment are described in
Table 3. Additionally, the risk assessment relied on other assumptions that were not
explicitly incorporated into the model.

Relationship between HIMP for poultry slaughter and for hog slaughter
o This risk assessment is independent of the poultry slaughter risk assessment and
relies on data from hog slaughter establishments. However, FSIS assumes, for
the purpose of this risk assessment, that the differences between the process of
slaughtering hogs and slaughtering poultry do not alter the relationship between
the presence of Sa/monella contamination post-slaughter and human illness.
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The use of a HIMP system for market hogs is substantially similar to the use of
a HIMP system for poultry, with both having industry sort animals and
carcasses to remove those with quality defects, and both leading to an increase
in FSIS off-line inspection. In addition, the Salmonella data for both poultry
and hog slaughter facilities come from samples at similar locations in the
slaughter process. Additionally, hog slaughter establishment specialization has
been facilitated by vertical integration within the industry, much like the poultry
industry. (Muth et al., 2007).

e Relationship between carcass contamination rates and downstream product (parts,
ground) contamination rates
o FSIS assumes, for the purpose of this risk assessment, that the relationship

between Salmonella contamination of hog carcasses and downstream products
such as pork parts (e.g., pork chops) and ground pork closely mirrors that of the
established relationship between Salmonella contamination of poultry (e.g.,
chicken) carcasses and downstream products such as chicken parts and ground
chicken. While FSIS did not conduct any specific analyses to examine this
assumption, the Agency has conducted numerous peer-reviewed analyses of the
relationship between Salmonella contamination frequency on chicken carcasses
and chicken parts (Ebel, et al, 2019). These analyses indicate that the
prevalence of Salmonella contamination on downstream products (e.g., parts)
often exceeds that for the prevalence of Sa/monella contamination in upstream
products (e.g., carcasses) The higher prevalence is logical given that samples of
downstream products contain primals from multiple carcasses, increasing the
likelihood of a single sample being contaminated.

e Relationship between HIMP and non-HIMP establishments

o It is important to note that this risk assessment is not a comparison of HIMP and
non-HIMP establishments. As stated previously, this risk assessment sought to
estimate changes in the number of domestic market hog-attributable human
salmonellosis cases that would be expected to result from implementation of a
HIMP-like inspection system in more establishments, according to the
prevalence-based risk model. It is possible that other differences exist between
HIMP and non-HIMP establishments that the risk assessment did not quantify.
That said, in the 2014 Evaluation of HIMP for Market Hogs report, FSIS
conducted numerous analyses to examine what differences, if any, exist
between HIMP market hog establishments than in non-HIMP market hog
establishments. This evaluation found that market hog slaughter establishments
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participating in HIMP are performing as well as comparable large non-HIMP
market hog establishments and meeting FSIS expectations for the overall HIMP
project (FSIS, 2014).

In addition to the assumptions described above, this risk assessment is subject to
additional model-based assumptions. Table 3 summarizes the data inputs, outputs, and
these model assumptions.
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Table 3: Available Information and Assumptions in the Risk Assessment

Information Required

Available Data Assumptions

Stage 1: Estimate relationship between establishment variations in FSIS inspection activities and frequency of Sa/monella proportion positive on market hog
carcasses using a production volume-weighted logistic regression model.

Inspection Data

Microbiological Data

Production Volume Data

FSIS establishment-level data on the number of Data are representative of market hog slaughter establishments.

specific inspection activities® conducted from August
2010 through December 2011, stored in PBIS.

e FSIS establishment-level pre-evisceration and post-  Data are representative of market hog slaughter establishments.
chill Salmonella sampling data from market hogs
baseline studies (August 2010 - August 2011).
¢ Establishment-level FSIS PR/HACCP market hog
carcass post-chill samples from the Salmonella
verification program results (August 2010 -
December 2011).

FSIS establishment-level production volume data.

Stage 2: Explore the potential risk implications for increasing various offline inspection activities using a simulation model that combines the statistical
relationship estimated in Stage 1 with relevant sources of uncertainty and the attribution of human illness to pork product Salmonella contamination.

Estimated mean number of
human Salmonella
illnesses attributable to
market hog product
consumption

Relationship between
Salmonella on market hog
carcasses and human
Salmonella illnesses

Distribution of
establishments

Independent FSIS analysis to estimate attributable
shares (2013)°.

The total annual number of Salmonella illnesses in the Human illnesses can be modeled as a Poisson process because in microbial
United States is estimated by CDC (Scallan et al., food safety, sporadic exposure events are considered independent events and
2011). Then attributable shares (FSIS, 2013)"is applied chronic exposures to pathogens are not considered.

to credibility intervals calculated using Painter ef al.

(2013).

The relationship between product contamination and The probability that exposure to a random contaminated serving would

human illnesses has been published previously. produce illness is constant regardless of changes in the frequency of
exposure to the pathogen on a per-serving basis (that is, dose levels at
consumption are independent of the frequency of contamination)?.

Use plant size data from FSIS’ PBIS and PHIS The rate at which procedures would be performed is based on the

databases. distribution of the plant sizes.
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Information Required

Available Data

Assumptions

Percentage of offline
inspection procedures that
would be conducted in
each establishment under
the proposed inspection
system

No empirical data available. Therefore, different
scenario types were developed on the basis of the
increased percentage of offline procedures performed
in establishments in the HIMP compared with non-

HIMP establishments (FSIS, 2011a)°. Those scenarios

are used to model the effect of increased offline
procedures across all FSIS-regulated establishments
and compared to the ‘baseline’ of current
establishment activities. Assumptions specific to the
two different scenario types are outlined below.

Indiscriminate Scenarios
No data available on how FSIS might emphasize or
de-emphasize activities in proposed inspection
system; all procedure categories are tested
simultaneously.

There would be a shift of the majority of online inspectors to offline
inspection duties while leaving one inspector online for final carcass
inspection®. The proposed increase in offline inspectors is expected to
increase scheduled, performed and unscheduled procedures’. Increased
availability of offline inspectors should increase unscheduled procedures
while reducing scheduled but not performed procedures®.

An estimate of the distribution for offline inspection activities performed
upon implementation of the proposed inspection system would reflectthe
distribution for offline inspection activities observed in establishments
currently operating under HIMP.

Data from HIMP plants indicate:

SP and U procedures: assumed the most likely change is an increase of
30%, a minimum of no change and a maximum of a 50% increase.

SNP procedures: assumed the most likely change is a decrease of 50%, a
minimum of no change and a maximum of 100% reduction.

o Under the infeasible scenario, as a theoretical exercise NR procedures
assumed most likely change is 10% increase, a maximum of a 20%
increase, and a minimum of no change. Under the feasible scenario, NR
is treated as a structural variable.

Discriminate Scenarios .
No assumption that FSIS would emphasize any

particular procedure. Therefore, each procedure

category is tested one at a time for emphasis in the °
proposed inspection system.

The SP, SNP, U, and NR procedures are, in turn, each changed according
to each respective uncertainly distribution while the other three procedure
categories are fixed to baseline levels.

The procedure distributions are modeled as above.

2 The six groups of inspection activities and four specific 03 procedures analyzed are: sanitation (01), HACCP (03), wholesomeness/economic consumer protection (04), sampling (05), other
inspection requirements (06), food defense procedures (08), sanitation performance standards (06D01), raw ground (03B), raw not ground (03C), and fecal checks (03J). Additionally, the subset of
W3NR’s also was evaluated establishment Sanitation SOP verification (01A01), pre-operational sanitation verification (01B01, 01B02), operational sanitation verification (01C01, 01C02), and
HACCEP plan verification (03A01), verify fecal check or other HACCP verification requirements (03J01, 03J02), verify E. coli standards (05A01), and verify sanitation standards (06D01).

YFSIS (2013). Potential Public Health Impact of Salmonella Performance Guidance for Market Hogs. Available at: http://www.allfoodlab.com/wp-content/uploads/2014/01/FSIS-Compliance-
Guideline-on-Controlling-Salmonella-in-Market-Hogs-FSIS-2014-0002-0001 1.pdf

¢ Williams M.S., Ebel, E.D., Vose, D. 2011. Framework for Microbial Food-Safety Risk Assessments Amenable to Bayesian Modeling Risk Analysis. Risk Analysis, Vol. 31, no. 4, 548-565.

4 This assumption is supported by empiric evidence. FSIS chicken carcass baseline results indicate that the average concentration of Salmonella per milliliter of rinsate had not changed from 1995 in
2007, but the prevalence of positive carcasses was different.

¢ This shift in inspectors is from the Preliminary Regulatory Impact Analysis (PRIA) of the proposed market hog slaughter rule.

fThis assumption follows from the observation that there are fewer scheduled but not performed procedures and more unscheduled procedures performed when establishments are fully staffed and
offline inspectors are not required to fill line positions

¢ Based on analysis of the Market Hog HACCP Inspection Models Project (HIMP) (FSIS, 2014).

Abbreviations: CDC, Centers for Disease Control and Prevention; FSIS, Food Safety and Inspection System; HIMP, HACCP-Based Inspection Models Project; NR, noncompliance records; PBIS,
Performance-Based Inspection System; PHIS, Public Health Inspection System; SNP, scheduled and not performed procedures; SP, scheduled and performed procedures; U, unscheduled procedures.
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METHODS

Figure 1 provides an overview of the two analytical stages conducted as part of this
microbial risk assessment model. This model uses available FSIS inspection activity and
pathogen testing data to assess the influence of those activities on the conditional
likelihood of finding Salmonella positive samples at the pre-evisceration or post-chill
stages of slaughter. Available human illness data is used to model the effect of changes in
the likelihood of Salmonella positive samples on the numbers of human illnesses
avoided.

In Stage 1, a binary logistic production log-volume weighted regression model uses
historical data to characterize the relationship between structural variables and offline
inspection procedures (SP, SNP, U, and NR) and the proportion of market hog carcasses
that are positive for Salmonella. The regression model calculated in Stage 1 is used as
input for Stage 2 which focuses on constructing and comparing different scenarios which
reflect potential changes in decision variable rate(s) when converting non-HIMP
establishments to a NSIS. The methods used here have been applied extensively in other
peer reviewed risk assessment publications (Bartholomew et al., 2005; Williams and Ebel
2012; Ebel et al., 2012; Withee et al., 2009). A number of different models were explored
for use in this risk assessment, as was the use of volume weighting without log
transformation. None of those models performed substantively better than the
unconditional fixed effects logistic regression used here. Furthermore, the estimated
number of illnesses avoided using those models, or using the volume weighting without
log transformation, was higher than the model and weighting chosen for the final
analysis. Therefore, the model chosen provides a conservative estimate of illness
reductions compared with possible models. Appendix H presents the results using
different models and without log transforming the volume weighting.

In Stage 2, there are two implementation scenario types: indiscriminate and discriminate.
For both types, inspection procedure rates for potential decision variables from HIMP
establishments are applied to non-HIMP establishments. This means that the number of
SP, SNP, U, and, under some scenarios, NR inspection procedures performed in the
Monte Carlo simulation model is a function of the number of offline inspectors and
inspection efficiency expected for the non-HIMP establishment converting to a NSIS. As
another alternative scenario, the SP+U scenario is considered if SNP is eliminated from
the feasible scenario. These scenarios are used to estimate how relocation of FSIS
inspectors would change the percentage of market hog Salmonella positive samples.

These predicted changes in Salmonella positive sample percentages are then used to
calculate proportional changes in market hog-attributable salmonellosis cases. Under the

31



September 2019 Public Health-Based Market Hog Slaughter Inspection Risk Assessment

infeasible indiscriminate scenario, modifications in rate of four decision variables (SP,
SNP, U, and NR) are all made at the same time, targeting the inspection procedure
categories for maximum inspection activity. Under the feasible indiscriminate scenario,
modifications in rate of three decision variables (SP, SNP, and U) are all made at the
same time, and NR is treated as a fixed, structural variable. For the discriminate scenarios
(Disc), the value of the decision variable for one or more of the inspection procedure
categories is changed to the HIMP-like value while the values of the other three decision
variables are kept at baseline levels. In addition, each of the seven implementation
scenarios is evaluated under two different NSIS adoption scenarios: NSIS is adopted by
all 164 non-HIMP market hog establishments or NSIS is adopted by the 35 large and
small non-HIMP market hog establishments. In total, 30 total scenarios are examined: 9
implementation (SP, SNP, U, NR, SP+U, SNP+U, SP+U+NR, SP+SNP, SP+SNP+U,
and SP+SNP+U+NR) X 3 adoption (159 establishments- 5,046 sample days, 35
establishments (Version 1)- 2,330 sample days, and 35 establishments (Version 2)-
22,621 inspection days).
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FSIS Microbiological Data Inspection Procedure Data

(1 FSIS Salmonella data from the Market Hog Baseline " The number of specific inspection activities™
pre-evisceration and post-chill samples (August 2010 o Scheduled and performed procedures (SP)
- August 2011). o Scheduled and not performed procedures (SNP)
o Unscheduled procedures (U)
"1 FSIS PRZHACCP market hog carcass post-chill o zlrilslgnces of observed and reported noncompliance records

samples from the Salmonella verification program ) ) ) )
results (August 2010 - December 2011). L From same establishments and dates as Microbiological Data.

Regression Model @
Inputs

Stage 1: Estimate the relationship between establishment variations in FSIS inspection activities and
frequency of Salmonella positives on market hog carcasses.

Conduct a weighted logistic regression analysis to estimate the relationship between offline inspection procedures
and contamination.

Human Illness Data Application
Estimated mean number of human Salmonella
illnesses attributable to market hog products

Regression Model Output

\_

Coecfficients (B) for the relationship between consumption:
inspection activities and contamination. 1. Total illnesses with swine attribution
estimated by CDC (Painter ef al.,2013).
@ Simulation Model Inputs 2. Independent FSIS analysis to estimate
attributable shares for market hogs (2011).
( \ @ 3. Apply the shares attributable to credibility
Stage 2: Explore the effect of increasing various offline intervals calculated using Scallan et al. (2011).
inspection activities using a simulation model and the
relationship estimated in Stage 1. Application of Scenarios
Predictions are made for scenarios with adjustments to the 1. Develop scenarios for the increased
number of the four different inspection procedures percentage of offline procedures based on the
(Indiscriminate, Disc(SP), Disc(SNP), Disc(U), Disc(NR), and number of those procedures performed in
Disc (SP+SNP+U)). establishments in the HACCP—based
j Inspection Models Project (HIMP) compared
with non-HIMP establishments. Data on
Prediction Output procedures in HIMP from FSIS (2011)°-

2. Use these scenarios to model the effect of
increases in various offline procedures across

Estimated Annual Number of Human Illnesses )
all FSIS-regulated establishments.

from Salmonella
(kprcdictcd = Ain— kavoidcd)

Figure 1: Overview of the Microbial Risk Assessment
This figure summarizes the two major stages of the risk assessment of alternative scenarios, and the

inputs and outputs from those stages.

* The six groups of inspection activities and four specific 03 procedures analyzed are: sanitation (01), HACCP (03), wholesomeness/economic
consumer protection (04), sampling (05), other inspection requirements (06), food defense procedures (08), sanitation performance standards
(06D01), raw ground (03B), raw not ground (03C), and fecal checks (03J). Additionally, the subset of W3NR’s also was evaluated establishment
Sanitation SOP verification (01AQ1), pre-operational sanitation verification (01B01, 01B02), operational sanitation verification (01C01, 01C02),
and HACCP plan verification (03A01), verify fecal check or other HACCP verification requirements (03J01, 03J02), verify E. coli standards
(05A01), and verify sanitation standards (06D01).

> Evaluation of HACCP Inspection Models Project (HIMP) for Market Hogs (FSIS, 2014) is available at:
http://www.fsis.usda.gov/wps/wem/connect/f7be3e74-552-4239-ac4c-59a024fd0ec2/Evaluation-HIMP-Market-Hogs.pdf?MOD=AJPERES.
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The full regression model for this assessment characterizes four segmented subsets of
the whole dataset (HIMP evisceration, HIMP post-chill, non-HIMP evisceration, and
non- HIMP post-chill)®. The magnitude and direction of the regression coefficient
estimates relating inspection procedure rate and Salmonella prevalence are drawn from
the decision variable distributions observed in market hog HIMP and non-HIMP
establishments from the full model. Each segmented subset result—that is, each estimate
of percentage Salmonella positives—is calculated by changing the indices for
establishment type and sample location. Though data from both pre-evisceration
sampling and post-chill sampling were included in Stage 1, Stage 2 estimates are based
on only the non-HIMP post-chill segment subset, reflecting the effect that applying
HIMP-like procedure levels to non-HIMP establishments would have on post-chill
Salmonella positive sample percentages only. This is referred to as the “post-chill model
for non-HIMP establishments.” The subsetted segment simulation model for non-HIMP
establishments at post-chill applies the proportional expected increase in scheduled and
unscheduled procedures and a decrease in scheduled but not performed procedures and
noncompliance records (under some simulations). This subsetted segment model allows
estimation of the probability inspectors at non-HIMP establishments change the
frequency at which they perform a decision variable procedure at assumed changes in
inspection rates.

The analysis does not a priori assume that any of the decision variables is more
important than the others; instead, the analysis is designed to estimate the effect of
changing variables or combinations of variables on the prevalence of human illness.

3 Relevant code and scripts to run the model will be posted to FSIS’ website.
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Table 4 summarizes key uncertainties in the risk assessment. The risk model incorporates the

uncertainty of:
@
(1)

The initial analyses and data used;
The change in future inspection activities likely to be observed when

converting non-HIMP establishments to a HIMP-like inspection configuration;

and
(II)

Current estimates of Sa/monella human illness associated with market hog

food products, and how the associated uncertainty affects the uncertainty in the
assessment’s predictions about the change in human illnesses estimated to

occur as a result of implementation of the proposed inspection system.

Table 4: Summary of Key Uncertainties in the Microbial Risk Assessment

Contributors to Handling of Uncertainty in Relative

Uncertainty Symbol Classification the Model Importance

Regression B Statistical Modeled as multivariate Least influential

coefficients normal distributions. uncertainty

Adjustment Aj Modeling Modeled as Pert uncertainty  Intermediate

parameters to reflect distributions. uncertainty

the number of

future offline

inspection activities

Baseline annual Ain Modeling Use the 95% confidence Most influential

number of domestic interval from Scallan et al. uncertainty

foodborne (2011), and use that interval ~ because it includes

Salmonella illnesses in a putative lognormal the fractional
distribution to reflect uncertainties
uncertainty about all below
Salmonella attributable as multipliers
illnesses

Fraction of all Jhog Modeling Use the 90% credibility

domestic foodborne interval from Painter et al.

illnesses attributable (2013) with a Pert

to Salmonella in uncertainty distribution

hogs

Fraction of Smarkernog Modeling Use FSIS data from 2010-

Salmonella illnesses
attributable to
market hogs

2015 with a Pert uncertainty
distribution
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Uncertainty distributions describing the possible effects of changes in the four potential
decision variables’ inspection procedure categories were developed using HIMP and non-
HIMP information provided in Evaluation of HACCP Inspection Models Project (HIMP)
for Market Hogs (FSIS, 2014). The number of the different inspection activities modeled
in each scenario was identified from the tabulated values of those activities conducted in
HIMP market hog establishments which also were reported in the aforementioned FSIS
HIMP report (FSIS, 2014).

Stage 1: Characterizing the Relationship between FSIS Inspection Activities and Product
Contamination using a Regression Model

Data Sources and Structure

Two categories of FSIS-generated data from market hog establishments were used for
Stage 1 of this assessment, microbiological data from samples collected from hog carcass
contamination testing and records describing the non-sampling inspection activities
carried out by Inspection Program Personnel (IPP, “inspectors”). To develop the
regression model that comprises Stage 1 of this risk assessment, microbiological and
inspection data collected from the Market Hog Baseline Study (August 2010 - August
2011), PR/HACCEP verification program (August 2010 - December 2011), and inspection
procedure data were extracted from FSIS databases. This data yielded a (7,471x25) initial
model matrix in which each of the 7,471 rows represented a given plant’s individual
sample day. The 25 columns included a binary indicator of the presence or absence of
Salmonella (0 — no growth from sample; 1 — some visible growth from sample), one
column stating model intercept values, 20 columns describing the plant structural
characteristics, and four columns describing the number of associated procedures in each
of the potential decision variable categories (SP, SNP, U, and NR) for that
establishment’s sample day. Structural characteristics describe differences in plant design,
inspection system, and demographic information.

FSIS uses computerized information systems to schedule inspection activities and capture
the results of those activities. The Performance Based Inspection System (PBIS) was
used before 2012. In January 2012, FSIS transitioned from PBIS to the Public Health
Information System (PHIS) to collate and centralize data. This risk assessment contains
both PBIS and PHIS data, but only records associated with inspection codes common to
both systems were used. A data cleaning step which identifies data from overlapping
categories between PBIS and PHIS was carried out in order to avoid introducing bias or
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confounding at this early phase of the model. Within PBIS and PHIS, inspection
activities are identified by inspection procedure (ISP) codes that differentiate groups of
activities, such as sanitation, HACCP, wholesomeness and economic consumer
protection, sampling, sanitation performance standards, and food defense procedures.
Each ISP code is further delineated into more specific activities. Each activity scheduled
or conducted is noted in PBIS or PHIS as: scheduled and performed (SP); scheduled but
not performed (SNP); unscheduled (U); or a noncompliance record (NR) for performed
procedures recorded as an establishment noncompliance with USDA food safety
regulations. In this risk assessment, the four possible decision variables represent the sum
of each type of activity across the various ISP codes in each establishment each day that
a Salmonella sample was collected as shown in Table 5.

Table 5: Detail of Total Inspection System Procedure Codes Evaluated Together and in
Subsets in Stage 1 Decision Variable Categories

Code Detail
No. Sum* Activity Sum** Elements ISP Code Procedures
1 sum01 sanitation sumOlA Verification 01A01 sanitation SOP
2 sum0Ol sanitation sumOI1B Preoperational 01BO1 m/v/r/ca/fu*
3 sumOl sanitation sumOIlB Preoperational 01B02 01BO1 verification
4 sum0Ol sanitation sumOI1C Operational 01CO01 m/v/r/ca/fu*
5 sumOl sanitation sumOI1C Operational 01C02 01CO1 verification
6 sum03 HACCP sum03A Verification 03A01 HACCEP plan
7 sum03 HACCP sum03B raw ground 03B01 m/v/r/ca/fu*
8 sum03 HACCP sum03B raw ground 03B02 03BO01 verification
9 sum03 HACCP sum03C raw not ground 03C01 m/v/r/ca/fu*
10 sum03 HACCP sum03C raw not ground 03C02 03CO01 verification
11 sum03 HACCP sum(03E not heat treated-shelf stable ‘03E01 m/v/r/ca/fu*
12 sum03 HACCP sumO3F not heat treated-shelf stable ‘03E02 03EO1 verification
13 sum03 HACCP sumO3F heat treated-shelf stable 03F01 m/v/r/ca/fu’
14 sum03 HACCP sumO3F heat treated-shelf stable 03F02 03FO01 verification
15 sum03 HACCP sum03G fully cooked-not shelf stable 03G01 m/v/r/ca/fu’
16 sum03 HACCP sum03G fully cooked-not shelf stable  03G02 03GO01
verification
17  sum03 HACCP sum03H heat treated-not fully cooked 03HO1 m/v/r/ca/fu*
18  sum03 HACCP sum03H heat treated-not fully cooked 03H02 03HO1
verification
19 sum03 HACCP sum031 secondary inhibitors-not 03101 m/v/r/ca/fu*
shelf stable
20  sum03 HACCP sumO031 secondary inhibitors-not 03102 03101 verification
shelf stable
21 sum03 HACCP sum03]J slaughter/fecal check 03J01 m/v/r/ca/fu’
22 sum03 HACCP sum03J slaughter/fecal check 03J02 03J01 verification
23 sum04 W/ECP'  sum04A01 yield/shrink 04A01 m/v/r/ca/fu’
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Code Detail
No. Sum* Activity Sum** Elements ISP Code Procedures
24 sum04 W/ECP! sum04A02  product solution formulation = 04A02 m/v/r/ca/fu?
25 sum04 W/ECP!  sum04A03 comminuted/mechanically 04A03 m/v/r/ca/fu’
separated
26  sum04 W/ECP!  sum04A04 battered products 04A04 m/v/r/ca/fu*
27  sum04 W/ECP! sum04B01  product meets standard 04B01 m/v/r/ca/fu*
28  sum04 W/ECP!  sum04B02 packaging/labeling standards 04B02 m/v/r/ca/fu?
29  sum04 W/ECP!  sum04B03 stated label net weight 04B03 m/v/r/ca/fu*
30 sum04 W/ECP'  sum04B04 product identification 04B04 m/v/r/ca/fu*
31  sum04 W/ECP!  sum04C02  humane slaughter 04C02 m/v/r/ca/fu*
requirements
32 sum04 W/ECP! sum04C03  non-food safety product req.  04C03 m/v/r/ca/fu*
33  sum04 W/ECP!  sum04C04  humane slaughter 04C04 m/v/r/ca/fu*
(economic)
34  sum05 sampling sum05A01  generic E. coli record plan 05A01 verification
35 sum05 sampling sum05A02  generic E. coli record review 05A02 m/v/r/ca/fu’
36 sum05 sampling  sum05CO01 random residue sample 05C01 sample collection
37 sum06 OIR/SPS? sum06A01  export regulation 06A01 m/v/r/ca/fu*
compliance
38  sum06 OIR/SPS? sum06B01  custom exempt retail 06B01 m/v/r/ca/fu*
compliance
39  sum06 OIR/SPS? sum06D01  sanit. performance 06D01 m/v/r/ca/fu*
standards
40  sum06 OIR/SPS? sum06D02 facility sanitation 06D02 m/v/r/ca/fu*
compliance
41  sum08 Food sum(08S14 water systems 08S14 unscheduled check
Defense?
42 sum08 Food sumO08S15 processing/manufacture 08S15 unscheduled check
Defense?
43  sum08 Food sum(08S16 storage areas 08S16 unscheduled check
Defense?
44 sum08 Food sum08S17 shipping/receiving 08S17 unscheduled check
Defense®

* Contains all the Detail Sum elements for the ISP code category (01, 03, 04, 05, 06, 08
** Detail Sum refers to the procedure summed within given code summed ISP elements with their descriptions
'W/ECP = Wholesomeness/Economic Consumer Protection

2 OIR/SPS = Other Inspection Requirements/Sanitation Performance Standards
3Food Defense procedures performed under Homeland Security requirements
4m/v/r/ca/fu = Indication that the procedure corresponds to one of the following action types: Monitoring, Verification, Records
Checks, Corrective Action to Noncompliance, or Follow Up Reassessment to Corrective Action
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Modeling Procedures

Stage 1 is a daily production volume-weighted logistic regression model with the
regression coefficients estimated from the maximum quasi-likelihood equations of the
Fisher scoring algorithm using SAS 9.4 software?. The regression analysis relates the
binary variable for Sa/monella contamination to the cumulative logistic distribution
which gives the probability of having Sa/monella-positive samples taken from market
hog carcasses. The regression model treats observed detection or non-detection of
Salmonella in a sample collected on a given market hog carcass as the dependent variable
or output, with the variables for establishment profile and decision variables as
independent variables or input. The regression model predicts the conditional likelihood
of Salmonella positive samples given the input values. These independent variables
consist of categorical and continuous structural variables, which describe differences in
plant design, inspection system, numbers of inspectors, demographic characteristics, and
the four possible decision variables (SP, U, SNP, and NR). Data describing
establishments’ line speeds were incomplete and not included in the model.

The four categories of possible decision variables are treated as statistically independent
uncertainty distributions in the first stage of the model and are realistically likely to
influence one another when changes to inspection systems, as in HIMP, are implemented.
For example, a proposed increase in offline inspectors is expected to increase scheduled
and performed and unscheduled procedures while reducing scheduled but not performed
procedures, and the model treats these as weakly correlated events in the model’s second
stage, meaning that the correlations never reach significance given the data sample size.
These assumptions follow from the observation that there are fewer scheduled but not
performed procedures and more unscheduled procedures performed when establishments
are fully-staffed and offline inspectors are not required to fill online positions. The
sample correlation matrix was used to model these effects in the second stage. The model
also expects that in the long-run, noncompliance records would decrease with an increase
in the number of offline inspection tasks performed. Establishments under this inspection
paradigm are expected to achieve greater process control through increases in offline
procedures in addition to industry-wide commercial and technological innovation that
will likely occur over time.

Regression Model Prevalence Output
The regression analysis produces regression coefficients that reflect the strength of the
association between the inspection activities and Salmonella contamination. Salmonella

2Proc logistic SAS 9.4 Service Pack 1 Copyright © 2002-2003 by SAS Institute Inc., Cary, NC, USA
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prevalence is estimated using these coefficients in log production volume
weighted estimating equations incorporating the regression coefficients
generated in Stage 1 as input for Stage 2 to develop distributions of potential
illnesses avoided. For a more detailed description of the regression model and
its results, as well as the effects of using alternate models, see Appendices A-H.

Stage 2: Model to Predict the Effect of Changes in the Numbers of Inspection
Procedures

Stage 2 of the risk assessment incorporates human illness data and estimating
equations from the Stage 1 regression model to estimate how the prevalence of
Salmonella on market hogs, and ultimately annual number of human
salmonellosis cases, might be expected to change in relation to up to four
inspection procedures categories with weakly correlated uncertainty
distributions. To identify the decision variable categories of offline inspection
procedures that could have the greatest public health impact, multiple plausible
scenarios were developed. In the indiscriminate scenarios (denoted InDisc), all
relevant decision variable categories were modified to HIMP-like rates with up
to four decision variables, while in four discriminate scenarios (denoted Disc),
each of the four possible decision variable categories were modified to HIMP-
like rates when holding each of the others constant at their means.

Data Sources

Estimates for the mean number of human Sa/monella illnesses attributable to
consumption of pork products are based on distribution parameters from the
Centers for Disease Control and Prevention (CDC) total domestic foodborne
illness and outbreak data (CDC, 2001-2007) as reported by Scallan et al. (CDC,
2011) and Painter et al. (2013)—see Table 6.

Baseline prevalence (denoted Prev(baseline) in equations listed later in this
document) is estimated as the baseline percent positive Sa/monella samples of
those samples drawn from market hog carcasses at the post-chill stage of
slaughter. These values, as well as the other parameters included in the model,
are described in greater detail in the Modeling Procedures section, as well as in
Appendix B.
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Table 6: Attribution Breakdown for Market Hog-Attributable Salmonella 1llnesses

Domestic Foodborne Salmonella

Illness Category Distribution 5" Percentile Mean 95 Percentile
All Commodities® Log-Normal* 644,786 1,085,707  1,679,667¢
Minimum Mean Maximum
Proportion of domestic foodborne  Pert 3.6% 6.7 11.4%
Salmonella from Pork®
Proportion of Pork Salmonella Pert 93.0% 96.0% 98.0%
from Market Hogs®
5™ Percentile Mean 95" Percentile
Salmonella illnesses from Market ~ Output 34,237 69,857 111,673¢
Hogs

aScallan (2011) Salmonella surveillance data 2005-2008

b Painter (2013) Salmonella outbreak data 1998-2008 Technical Appendix 1 Table 5 where the distribution mean is
6.3%

¢FSIS swine slaughter data (2010-2015) where the distribution mean is 96.033%

dBased on a standard deviation of 322,794
“Based on standard deviation of 24,435

Modeling Procedures

The multivariate normal estimating equations developed in the regression analysis are
averaged across all data points and are solved for a minimum of 100,000 iterations until
all further solutions produced fell within 0.01% or less of the cumulative mean. The
resulting prevalence estimates were then used in the inspection rate adjustment model
applied in Stage 2 to generate the distributions of illnesses avoided (see Table 7).
Contaminated carcass population prevalence estimates are derived from the average
annual production log-volume weighted average prevalence estimates for individual non-
HIMP establishments.

The modeling framework in Stage 2 stems from the three primary determinants of
adverse human health outcomes from foodborne pathogens: (1) the frequency of
exposure to the pathogen, (2) the distribution of pathogens in a random exposure event on
a per-serving basis, and (3) the probability that a random exposure event causes the
adverse human health outcome (Cox, 2006; Haas, 1996). In microbial food safety,
sporadic exposure events are considered independent events and chronic exposures to
pathogens are typically not considered to contribute significantly to the burden of illness.
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Table 7: Adjustment Distributions Applied to Procedure Rate Values
in One Indiscriminate and Four Possible Discriminate Implementation
Scenarios

Scenario Sp SNP U NR

InDisc (SP+SNP+U+NR)  Pert(0.0, 1.25,1.5)  Pert(0.0, 0.5, 1.0)  Pert(0.0, 1.25, 1.5) Pert(0.0, 0.5, 1.2)
Disc(SP) Pert(0.0, 1.25,1.5)  Xsnpbaseline Xubaseline X NRbaseline
Disc(SNP) Xspbaseline Pert(0.0,0.5, 1.0)  Xuaseline X NRbaseline
Disc(U) Xspbaseline X sNPbaseline Pert(0.0, 1.25, 1.5) Xnrbaseline
Disc(NR) X SPbaseline X SNPbaseline XUbaseline Pert(0.0, 0.5, 1.2)
InDisc(SP+SNP+U) Pert(0.0, 1.25,1.5)  Pert(0.0, 0.5, 1.0) Pert(0.0, 1.25, 1.5) XNrbaseline

Note, only the SP+SNP+U discriminates are considered for the final model.
Abbreviations: SP, scheduled performed; SNP, scheduled not performed; U, unscheduled; NR, noncompliance record; NPR, no
procedures recorded.

In this model, structural variables are treated as fixed as in the final model with the same
random variation and, therefore, their means do not change in modeled scenarios. A
prevalence-based model estimates changes in annual illness cases based on changes in the
frequency of occurrence of the pathogen among food commodities (Williams et al.,
2011). The basic model is:

P(ill) = P(ill | exp)P(exp)

where P(ill) is the probability of illness from a product-pathogen pairing across a
population, P(ill|exp) is the probability that exposure to a random contaminated serving
would produce illness?, and P(exp) is the frequency of exposure to the pathogen on a per-
serving basis*. This basic model enables a simple estimation of annual illnesses avoided
(Aavoideq) resulting from an intervention that reduces prevalence.

The model used to predict the effect of the increased offline market hog inspection
procedures is defined as follows:

Prev(scenario)

Aavoided = ; ill
avotde Prev(baseline)]

3 P(illlexp) is the solution to the integral where R(D) is the dose-response function and the exposure distribution of
doses (D > 0 organisms) is the probability density f{D) (discussed in Williams ef a/, 2011).

4 Exposure to a contaminated serving can be defined at any point in the farm-to-table continuum assuming that
P(exp) is proportional to the percentage of positive units observed at some point prior to consumption (i.e., these
measures of occurrence differ by a multiplicative constant). The best data available to FSIS for measuring frequency
are from the point of commercial production (e.g., retail-ready raw chicken carcasses).
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where Aavoidea s the estimated annual rate of product-pathogen illnesses avoided following
modeled alternative scenarios; iz is the current annual rate of product-pathogen illnesses
(i.e., illnesses at the baseline); Prev(scenario) is the non-HIMP establishments’ post-chill
prevalence of pathogen-contaminated market hog carcasses estimated from the regression
model with FSIS non-HIMP data following implementation of a modeled scenario; and
Prev(baseline) is the post-chill prevalence of pathogen-contaminated market hog
carcasses estimated from the regression model with FSIS data prior to inspection
changes’.

The advantage of this modeling approach is that it avoids the need to estimate an
exposure distribution or a dose-response relationship because these relationships are
expected, based on previously published and peer-reviewed empirical relationships
identified by FSIS risk analysts (Williams et al., 2011), not to change between the
baseline and scenario pork production and consumption conditions. The prevalence-based
risk model employed in this risk assessment applies the previously defined linear
relationship to the variety of plausible novel inspection program scenarios to link
estimates of changes to contamination prevalence with illness estimates. Effective use of
FSIS’ database of inspection procedures and sampling outcomes eliminates these
components of traditional risk assessment that may be sources of error or broader
uncertainty due to biased or inadequate dose-response or consumption data for relevant
products and pathogens.

One critical assumption that underlies this model is that dose levels at consumption are
independent of the frequency of contamination (in other words, the level of
contamination is independent of pathogen prevalence). Put simply, the contamination
distribution and the dose-response function drop out of the equation by becoming
constant with this assumption. This assumption asserts that the probability of illness
given a non-zero exposure to Sa/monella through a market hog-derived product
(P(illlexp)) is constant regardless of changes in any modeled individual’s probability of
such exposure (P(exp)). The reliability of this assumption has been explored previously
(Ebel and Williams, 2015). Although it is plausible that pathogen prevalence changes
would not be reliable predictors of changes in the likelihood of exposure (for example, in
cases where a product class was very heavily contaminated and low prevalence could still

5 Note that Luoizea might be negative if scenario prevalence exceeds baseline prevalence. In such cases, the negative
sign would reflect an increase in the number of illnesses.
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lead to high cross-contamination rates), FSIS data on market hog contamination and
consumption indicate that a prevalence-based model is appropriate. Despite large
differences in prevalence between establishments in the baseline study, only small
differences in microbial concentration were observed (see the third bullet below). As in
the other calculations in this report, volume-weighted percent positive values are used
here to approximate prevalence and the terms are used interchangeably.

To validate the assumption of independence between Salmonella prevalence and
concentration, the following calculations were carried out:

e Data were pulled from the baseline study, which included multiple baseline samples
from each establishment.

e For each positive sample, the most probable number (MPN) method for Sal/monella
concentration was applied.

e Out of the 149 establishments in the baseline, 89 had positive Salmonella samples
and these were divided into high and low percent-positive groups based on whether
sampling had been carried out at pre-evisceration (89 establishments) or post-chill
(49 establishments) locations along the production line. The difference in
concentration of contaminating Salmonella was not significant (3 MPN/cm? vs. 1
MPN/cm? on average; high-positive vs. low-positive establishments with sample
collection via carcass sponge, p = 0.15). On the other hand, the difference in sample
positive rates was significant (67% vs. 20% positive samples, on average; high-
positive vs. low-positive establishments, p < 0.0001) (analysis of FSIS Market Hog
Baseline Data, 2011). This is strong evidence for use of the proportional model.

A similar lack of correlation between contamination levels and contamination prevalence
has been observed in other species, particularly notable in the 1995 and 2007 young
chicken baseline surveys (FSIS, 1996; FSIS, 2009), as well as other product-pathogen
pairs (Crouch et al., 2009; Withee et al., 2009).

The baseline prevalence is defined as:

o+ ,BIXU+. . .+ﬂl.Xl.j+. .t '322X22j

o+ /j’lej+...+ﬂl.Xl.j+...+ /122)(22].

Prev(baseline) = ij x_€

= l+e

where the variable values (X) are drawn from FSIS sampling data, coefficients () are
estimated via the logistic regression models described above, values of i represent each
independent predictor, values of j represent each individual instance of sampling included
in the model, n represents the total number of Salmonella sampling occasions for the hog
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carcasses (i.e., n = 7,471 samples including pre-evisceration and post-chill at baseline),
and wj is a fractional weight given to each sampling occasion to reflect the base-10
logarithm of carcasses slaughtered per year as a time-weighted average for each sampled
establishment. Because the logistic regression model predicts the probability of an
individual sample being positive (given the Xj; values for that sample), this equation
multiplied by its fractional weight is summed to calculate prevalence across the entire
population of samples.

Weights are defined as the logarithm of average daily production volume for plant j

(ADP)) divided by the sum of all establishments’ weighting factors, with the formula:
average through all i for plant j ( N, )
J

Wij =

log10( ADP;;
7471 ( i (average through all i for all plant j ( J 1\(, U)))
j

The data set was comprised of daily sampling results from 164 establishments, with each
establishment having recorded between two and 190 sampling results. The establishment
weights reflect the differing number of days per year each establishment conducts market
hog slaughter. Figure 2 depicts the variability production volume for these 164
establishments. The production volume grouping appears to roughly correspond to Very
Small, Small, and Large HACCP establishment sizes: one cluster, at the far right of the
graph, is comprised of HACCP-Large establishments, while the HACCP-Very Small
plants cluster tightly near the x-axis and the HACCP-Small plants cluster parallel to the
x-axis but around 50 sampling days (shown with ellipses on the graph).

200 A\
> 150 /’\
\ ¥%)

0.0 2.0 4.0 6.0 8.0
Log,o(Production Volume)

Figure 2: Scatter Plot of 164 Establishments' Daily Averaged Production Volume
Fuzziness of symbols indicates that these are averages and the production volume varies over time.
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The modeled prevalence following implementation of a given scenario is:
164

et B1Xyjt+BiXijt+P22X22j
Prev(scenario) = 2 w; X
j=1

1 4 e@tP1Xajt+BiXijt - +P22Xz2)

where one or more of the decision variables are adjusted by a factor 4; to account for the
change that occurs with modeled scenario implementation. The 4; values are drawn from
Pert distributions for adjusting each of the four possible decision variables; these
distributions describe the expected changes in inspection procedure rates for non-HIMP
establishments at post-chill when adopting the proposed new inspection system.

Baseline and scenario prevalence sums are calculated for non-HIMP establishments’
post-chill locations, with the two sums differing only in that the scenario sum has each
scenario-relevant decision variable multiplied by its respective Pert distribution function.
In each discriminate scenario sum, the only procedure rate values (X) that will be
adjusted (multiplied by a change distribution, 4) will be the values from the decision
variable category being modeled as the key predictor. All other X values will be set to
their respective averages, thus being treated as fixed structural variables for that scenario.

To estimate post-chill prevalence in non-HIMP establishments, the regression model
indices for categorical HIMP and sample location are set to “non-HIMP” and “post-chill”
when estimating baseline prevalence (Prev(baseline)) or scenario prevalence
(Prev(scenario)). All other independent variable values except the scenario’s variable(s)
of interest are set to the unadjusted procedure rate average value (X).

In this assessment, there are varying levels of uncertainty associated with the following
inputs: current annual rate of Sa/monella foodborne illness (i), baseline prevalence of
Salmonella on market hog carcasses, scenario prevalence of Salmonella on market hogs,
adjustment factor (4,), the fraction of positive foodborne salmonellosis cases attributable
to hog-derived products (fr.¢), and the fraction of hogs that are market hogs (fmarker hog). TO
assess the overall uncertainty about the scenarios’ estimated annual rate of illness avoided
(Aavoided), @ Monte Carlo model® was developed to propagate those sources of uncertainty

¢ All Monte Carlo simulations were performed using Palisade’s @Risk 7.0 software add-on in Microsoft Excel.
Each simulation comprises 100,000 iterations; this number of iterations produces outputs that change by <0.01%
from one simulation to the next indicating the criterion for convergence was met. The advanced sensitivity analysis
option in @Risk 7.0 was used for the sensitivity analysis.
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onto the estimate. Such a simulation results in a probabilistic conclusion, as it produces a
distribution of outcomes with varying likelihoods. The software used also allows for
sensitivity analysis, to determine the critical factors and rank the input distribution
functions in the model according to the impact they have on the outputs.

Uncertainty about regression coefficients is modeled as multivariate normal:

bii ~ Normal (u, %),
where p is a vector of mean regression coefficients (f), and 2 is the variance-covariance
matrix generated from the regression analysis’.

Uncertainty about the adjustment factor ( 4;) is modeled:

A; = Pert (minimum, most likely, maximum).

Uncertainty about the current annual rate of illness for those consuming market hog
products and contracting salmonellosis (L) is modeled as the product of three
independent uncertainty distributions:

Jin = lognormal (m, $) X frog X finarket hog
or,

Ain = lognormal (m, s) x Pert(0.036, 0.063, 0.114) x Pert(0.930, 0.970, 0.980)

The values for the m and s are the mean and standard deviation taken from Table 6. The
Pert distributions are written as in @Risk. Because Aavides1s @ function of the scenario
prevalence-to-baseline prevalence ratio and these values can be reasonably assumed to be
correlated for each iteration, these simulations paired the estimates of the scenario and
baseline prevalence values and as such were run in parallel. This way, both prevalence
estimates contributing to a single ratio would be based on the regression coefficient plus
the same margin of uncertainty. In other words, the same random error distributions were
applied in generating the varying regression coefficients for each model iteration. This
procedure ensures that each simulation is internally consistent, reflecting that scenario
prevalence is not independent of baseline prevalence in reality.

Attribution

Attribution of foodborne illnesses to certain organisms and product types (Table 6) was
carried out by combining information from multiple authoritative sources and FSIS
analyses (Scallan et al., 2011; Painter, et al., 2013; FSIS Swine Slaughter Data, 2010-15).

7Random values for this multivariate normal distribution are generated using the Cholesky decomposition method
(Press et al. 2007).
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For the purposes of this assessment, the proportion of salmonellosis cases attributed to
market hogs is estimated by multiplying the estimated number of all domestic foodborne
salmonellosis illnesses by the proportions of all Salmonella in pork illnesses, and the
proportion of market hogs with respect to the total number of hogs slaughtered. The
distribution of salmonellosis cases was assumed to be the same within the subpopulation
of market hog-attributable cases as in the population of cases overall, though FSIS
recognizes that illnesses attributable to contaminated roaster- or sow-derived pork meat
cannot be distinguished from those attributable to market hog-derived pork meat through
current outbreak investigation procedures.

Generating estimates of total non-typhoidal domestic foodborne salmonellosis illnesses
from market hogs is a more complex process than multiplying three component
estimates. These estimated values for mean and confidence interval are calculated using a
complex Bayesian model composed of 15 multiplicative uncertainty distributions. The
multiplicative chain begins with laboratory confirmed cases with known analysis
sensitivity which are rescaled using individual Pert distributions (missing values
estimated as missing at random) for individual illness severity, underdiagnoses,
underreporting, medical care seeking, non-travel relatedness, stool sample uncertainty,
and non-foodborne relatedness all adjusted for FoodNet surveillance capture adjusted to
the 2006 US Census population estimates (Scallan, 2011; TechApp2, TechApp3).

CDC describes these values as conservative and robust estimates due to the multiplicative
modeling. This model estimate of total illness uncertainty is believed to incorporate
multiple unmeasured sources contributing to the overall mean and credibility interval
cited by CDC such as consumer behavior, Salmonella death, growth, product cross
contamination in transport and storage and other unmeasured variability in the risk
model. Any uncertainty in the number of infectious Salmonella requiring a dose-response
component is modeled as constant due to the observed lack of correlation between MPN
counts and prevalence and the statistically insignificant difference in average MPN
counts and prevalence.

Table 6 outlines the baseline numbers of human Sa/monella illnesses due to market hog

consumption. Further details about how these values and their parameters were calculated
can be found in Appendix G.
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Modeling Multiple Alternative Scenarios
One objective of this risk assessment is to understand the implications of various

modernization scenarios designed to reduce market hog carcass Salmonella prevalence.
Baseline prevalence values were calculated assuming that the data gathered from plants
and used in the regression model is generally representative of large, small, and very
small market hog slaughter plants operating under standard HACCP protocols. For the
modernized scenarios, the values for each decision variable are expected to change as
described below with implementation of the new inspection system.

FSIS inspection records in HIMP establishments are expected to closely resemble the
inspection procedure records that would be generated with the proposed change to a
modernized inspection approach adjusted for establishment size. As described in the
Market Hog HIMP Report, FSIS inspectors performed an average of 14,136 offline
verification inspections per HIMP establishment in CY2010 versus an average of 8,724
offline verification inspections per non-HIMP establishment — noting that the HIMP
establishment sizes were all large and were compared to only large non-HIMP
establishments for this comparison. This translates to approximately 1.5 times as many
offline verification procedures and 3.2 times as many HACCP verification procedures
carried out in HIMP as in non-HIMP establishments. However, these five HIMP
establishments are not perfect predictors of future performance once a similar
modernization program is in place in additional establishments. Though we expect that
implementation of a modernized inspection system in non-HIMP establishments would
result in procedure rates and contamination rates similar to those observed in HIMP
establishments adjusted for size during the 2010-11 study, this assessment can only make
estimates that may vary due to unforeseen circumstances or industry-level changes. In
order to have the best understanding of multiple possible outcomes following
implementation, uncertainty analysis has been carried out and described in this report.
These results are shown in Appendix G and form a basis for baseline and scenario
analysis of non-HIMP post-chill performance (N= 661,457 observations).

To generate the parameters of the Pert distributions applied in each change scenario, the
HIMP establishment observations were combined with some assumptions about extremes
of inspection performance. Using this data and comparing with the poultry slaughter risk
assessment data (FSIS 2014), it was assumed that a most likely value of a 25% increase
in SP and U procedures should be applied in our modeled scenarios. This assumption also
was employed in the FSIS Risk Assessment for Guiding Public Health-Based Poultry
Slaughter Inspection (2014) based on the possible increase in inspection procedures
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across all establishments based on in-plant inspector experience. Analysis of HIMP and
non-HIMP establishments for the entire year of 2010 does not contradict this assumption
(see Appendix B, Table B 11 for further detail).

Scheduled and performed (SP) and unscheduled procedures (U) in an establishment could
increase, decrease, or stay the same once an establishment adopts the inspection system
in the proposed change. By increasing availability of inspectors to perform offline tasks,
the modernized system should produce similar changes in SP and U procedure rates, and
so the same Pert distribution function will be applied for both SP and U decision
variables. It is plausible that SP and U procedures may decrease in frequency below that
observed in the current dataset of non-HIMP establishments, even though a substantial
number of plants in this group already record zero procedures on many production days
(Table 8).

The model for a modernized inspection system should include the possibility that more
establishments may record zero SP or U procedures than do so under the HIMP system as
currently implemented. Therefore, because unforeseen circumstances may increase the
number of establishments recording zero procedures relative to the current observed
baseline in the dataset available, a Pert distribution for both SP and U decision variables
requires a lower limit of zero as a worst-case scenario minimum. The upper limit,
increasing procedures by 50% in either category, seems plausible in the context of
previous risk assessments evaluating slaughter inspection systems, as well as the HIMP

plants observed maximum procedure rates. SP and U distributions were thus modeled:
Ai (SP and U) = Pert (0.0, 1.25, 1.5).

Table 8: Frequency of “No Procedures Recorded” in Decision Variable Categories
(HIMP and non-HIMP Data; n = 29,8842)

Criterion Sp SNP U NR
Total Number “NPR” 39 4,747 253 6,014
non-HIMP Number “NPR” 37 4,342 253 5,506
non-HIMP Percent “NPR” 0.50 58.12 3.39 73.70
HIMP Number “NPR” 2 405 0 507
HIMP Percent “NPR” 0.03 5.42 0 6.79
Total Number not “NPR” 7,432 2,724 7,218 1,457
Total Percent “NPR” 0.52 63.54 3.39 80.50

27,471 total sample records x 4 decision variables per record = 29,884 cells interrogated for this table.
Abbreviations: SP, scheduled performed; SNP, scheduled not performed; U, unscheduled; NR, noncompliance record; NPR, no
procedures recorded.
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Scheduled but not performed procedures would most likely decline under the proposed
inspection system, as SNP procedures are generally due to insufficient personnel
availability to complete the assigned offline procedure. Because the proposed inspection
system may result in a decrease in the number of SNP procedures due to inspectors’
increased availability, the baseline value for SNP procedures is assumed to be the
maximum expected rate. A 50% decrease was estimated as the most likely result of
implementing a modernized inspection system, and the lower limit of possible
observations was considered to be 0% or complete prevention of any SNP procedures.
Therefore, the distribution for the SNP decision variable was modeled:

Asp = Pert (0.0, 0.5, 1.0).

Hypothetical scenarios for noncompliance records were evaluated but not considered to
be useful in the final model analysis. These variables were considered as valuable
establishment control variables in the final model. These scenarios were developed using
data from the five HIMP establishments to model how noncompliance records might
change in establishments under different inspection scenarios (FSIS, 2011a). On average,
HIMP market hog establishments demonstrate 10% more reported PHR noncompliances
than do non-HIMP market hog establishments. However, in the 2006-2010 timeframe,
20% more W3NR noncompliances were observed in HIMP as opposed to non-HIMP
establishments. From 2012 through 2013, HIMP establishments demonstrated 1.44 times
fewer PHR noncompliances than non-HIMP establishments. It remains possible that
under the modeled scenario those noncompliance records (NRs) may be eliminated
completely or may not change at all. For a conservative noncompliance estimate, a most-
likely value for change in NR rates at HIMP establishments was defined as 50% of the
rates observed in non-HIMP establishments. The NR uncertainty with a maximum was
estimated to be 120% and the minimum, 0%. Thus, the NR decision variable was
modeled:

Ang = Pert (0.0, 0.5, 1.2).

Implementation Scenarios

To predict how annual human salmonellosis rates might change considering that HIMP
establishment performance would not change following implementation of the proposed
change, it is assumed that the four possible decision variables would all change in non-
HIMP establishments adopting NSIS according to the assumptions outlined above. Those
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adjustment distributions were then applied to create six different implementation
scenarios considered to be most informative—four in which the frequency of each
grouping of inspection procedures was individually modified by each respective 4;, one
in which three groupings were modified simultaneously by their respective 4;
distributions, and one in which all four groupings were modified simultaneously using all
the A; distributions (Table 7). It should be noted that the model correlation submatrix was
applied to the uncertainty distributions used for indiscriminate scenarios’ decision
variables allowing for them to have defined correlations. This correlation matrix was
estimated from the observed frequencies of the input data.

Once these adjustment distributions have been applied to the non-HIMP establishment
procedure rates, the post-chill Sa/monella prevalence values predicted through that model
were used to calculate a number of illnesses avoided. The percent reduction in
prevalence, as a proportion, was multiplied by the total number of illnesses attributed to
market hog-derived Salmonella exposure.

52



September 2019 Public Health-Based Market Hog Slaughter Inspection Risk Assessment

RESULTS

Regression Analysis Qutput

Table 9 presents the results of the regression analysis for the four potential decision
variable categories of inspection activities (SP, SNP, U, and NR) for Salmonella positive
market hog samples. This analysis evaluates the correlation between each of those
inspection activities and product contamination. These results indicate that with each unit
increase in SP and U procedures performed, Salmonella prevalence is estimated to
decrease. In addition, each unit decrease in SNP and NR procedures is estimated to
decrease the prevalence of Sa/monella positive samples in that same plant. Note that the
model predicts that increased prevalence is associated with increased NR rate. All
coefficient estimates are significant, indicating that the associated variables are
significant contributors to explaining the observed variance in prevalence, though the
magnitude of each effect varies. All regression coefficients are significant at the 99.9%
confidence level.

Table 9: Stage 1 Regression Analysis Results for Potential Decision Variable
Estimates of Coefficients

Coefficient Coeff Coeff Variable
Estimate Standard Wald Standardized Variable Standard
Variable DF (B) Error ChiSq  p-value Coefficient Mean (X) Deviation
SP 1 -0.0079 0.0035 5.1672 0.0230 -0.2131 4.3344 19.4329
SNP 1 0.0207 0.0102 4.0913 0.0431 0.0809 0.4101 2.932
U 1 -0.0110 0.0057 3.6384 0.0565 -0.1491 1.4386 9.882
NR 1 0.0978 0.0148 43.4050 <.0001 0.2676 0.1404 1.943

n = 7,471 sample results and independent variable records

Abbreviations: Coeff, Coefficient; DF, degrees of freedom; NR = observation and reporting by inspectors of a
noncompliance record; SNP = scheduled not performed procedures; SP = scheduled and performed procedures; U =
unscheduled procedures performed.

Source: FSIS analysis of Agency-generated data

The SNP regression coefficient, representing the change in Salmonella prevalence
expected from a change in the number of scheduled and not performed procedures, is
positive and second greatest in magnitude than any of the other decision variables’
regression coefficients (Bsne= 0.0207, p = 0.0017, all results shown in Table 9). In
contrast, the regression coefficients for the SP and U decision variables were negative
and statistically significant, suggesting that increasing the number of any of these
procedures performed also could decrease Salmonella prevalence in market hogs.

53



September 2019 Public Health-Based Market Hog Slaughter Inspection Risk Assessment

Increasing SP procedures is a logical consequence of decreasing SNP procedures, though
not mathematically equivalent without holding the total number of procedures constant
(Bsp=-0.0079, p =0.0004). Increasing the number of U procedures also is logically
connected with a decrease in Salmonella prevalence, as the knowledge that more
unscheduled procedures will occur offline will likely motivate establishment operators to
improve process control to avoid production slowdowns (u=-0.0110, p = 0.0030).

The NR variable has the largest regression coefficient which indicates that it has the
strongest correlation with observed Salmonella prevalence. However, because controlling
the NR rate in establishments simply by reallocating FSIS inspection resources to offline
activities is not feasible, the NR variable is considered only as a theoretical examination.
Unlike the other three categories of inspection activities, which are indications of
inspector performance, NR captures the results of the inspection task; that is, whether the
establishment is compliant or non-compliant with FSIS regulations. NRs are not only a
function of how frequently FSIS conducts inspection tasks but also indicate the
effectiveness of the establishment’s food safety practices, as well as other characteristics
such as inspector behavior. These other characteristics are idiosyncratic and not directly
captured in the model, but likely contribute to the uncertainty around observed NR rates.
Decreasing the number of NRs, according to the regression analysis, is associated with
reduced Salmonella prevalence (Pnr = 0.0978, p < 0.0001) as a result of a higher number
of inspections targeting food safety procedures.

Recommending a decrease in procedures that may result in NRs is not a practical solution
to the problem of positive carcass sampling and may only occur when an establishment
has achieved process control (it can be assumed that the sample data were mostly from
establishments in process control). Such a decrease could be caused after increased
inspector vigilance discovering decreased process control and resulting in initially more
NRs followed by a decrease due to slaughter establishment’s regaining process control
indicated by fewer positive Salmonella samples. Also to be considered is the likelihood
of the number of NRs increasing. This possibility was captured in the modeled Pert
distribution that set its upper limit to 20% above baseline even though process control
would be most likely with a 50% reduction from baseline. Half of the 100,000 iterations
in this case were below the median of 0.52 and half were above.

While the regression coefficients indicate the strength and direction of the variable’s
relationship with Salmonella prevalence, the products of each decision variable
regression coefficient times its mean indicates the estimated impact on the
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Salmonella percent positives. These products are: SP (-0.03424); SNP (0.0085); U (-
0.0158); NR (0.0137). The SP variable has the largest product of coefficient times its
mean; therefore, it has more impact on the percent positive Sa/monella expectation
than the other variables for the same unit average effect. The order of importance for
all decision variables is SP>U>NR>SNP according to the coefficient-mean product.

Estimated Annual Changes in Salmonella Prevalence in Market Hog Establishments and
Concomitant Changes in Human Illness

The estimated changes in Salmonella prevalence are summarized in Table 10, and the
estimated changes in procedure rates in market hog establishments are summarized in
Table 11. Among the feasible implementation scenarios, the indiscriminate scenario
(SP+SNP+U) —which was designed to represent HIMP-like inspection procedure rates —
produced the greatest feasible estimates for prevalence reduction (a mean of 7.08% fewer
Salmonella positives is estimated with implementation of this scenario for all market hog
establishments and a mean of 3.63% for the 35 large and small market hog
establishments). Table 12 and Table 13 summarize the estimated changes in human
illnesses for the different scenarios assuming all market hog establishments or the 35
large and small market hog establishments participate, respectively. Table 14 summarizes
the estimated change in human illness for the 35 establishment subsample using a larger
sample size to better estimate the uncertainty distributions for each scenario. In Table 10,
the estimated number of illnesses prevented was highest with the infeasible
indiscriminate (SP+SNP+U+NR) scenario; 7,327 fewer market hog-associated
salmonellosis cases would be estimated, based on the mean (expected value) of the
simulated uncertainty distribution. Under the feasible indiscriminate (SP+SNP+ U)
scenario for all market hog establishments, an estimated 4,944 fewer illness would be
expected. The discriminate scenarios which have single variable means changing
produced estimates of expected illness reductions ranging from 1,277 (U) to 2,383 (NR)
illnesses prevented. If the 35 large and small market hog establishments participate, the
infeasible indiscriminate scenario (SP+SNP-+U+NR) estimates an expected decrease of
6,426 illnesses. Ninety percent (90%) credibility intervals are provided in the tables. If
SP, SNP, and U are modified to be similar to HIMP establishments, an estimated mean
2,533 illness could be avoided; and the discriminate scenarios which have single
variables changing produced mean estimates ranging from 506 (U) to 3,893 (NR)
illnesses.
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Salmonella
Scenario Prevalence Reduction Change Reduction Reduction Reduction Reduction

(%) Cases (%) 5%ile 95%ile 10%ile 90%ile
159 Large, Small, and Very Small Market Hog Establishments
Baseline 2.0127 69,857 - - - - -
Disc(SP) 1.9651 1,651 2.3634 -1.407 5.4920 -0.3640 4.7870
Disc(SNP) 1.9546 2,016 2.8859  2.0710 4.0835 2.1842 3.7257
Disc(U) 1.9759 1,277 1.8280 -0.7900 4.0080 -0.0586 3.5150
Disc(NR) 1.9440 2,383 34113  2.1689 5.1973 2.3523 4.6687
SP+U 1.9283 2,928 4.1914  -1.0910 8.8590 0.3760 7.7480
SNP+U 1.9178 3,293 4.7139 1.9370 7.2070 2.6830 6.6270
SP+U+NR 1.8596 5,311 7.6027  2.4330 13.2470  3.6850 11.7420
SP+SNP+U 1.8702 4,944 7.0773  2.1200 11.9620  3.4160 10.7090
SP+SNP+U+NR 1.8016 7,327 10.4886 5.4450 16.4880  6.5540 14.8260
SP+SNP 1.9070 3,667 5.2493  1.771 8.628 2.671 7.778
35 Large and Small Market Hog Establishments (Version 1)
Baseline 0.0094 69,857 -- - -- - -
Disc(SP) 0.0093 770 1.1023  -5.3770 6.3900 -3.4940 5.2070
Disc(SNP) 0.0092 1,257 1.7994  0.6581 3.4755 0.8211 2.9758
Disc(U) 0.0093 506 0.7243  -3.3790 4.1140 -2.2150 3.3640
Disc(NR) 0.0089 3,893 5.5728 2.8650 9.4400 3.2700 8.3020
SP+U 0.0092 1,276 1.8266 -6.9300 9.5050 -4.4860 7.6820
SNP+U 0.0092 1,763 2.5237 -1.3850 6.5560 -0.4220 5.4960
SP+U+NR 0.0087 5,169 7.4010 -1.2510 17.2870  0.7520 14.5670
SP+SNP+U 0.0091 2,533 3.6260 -4.6590 11.5970  -2.4610 9.5700
SP+SNP+U+NR  0.0085 6,426 9.1988  0.6940 19.6110  2.4800 16.6680
SP+SNP 0.0091 2,027 2.9016 -3.0730 8.5220 -1.4800 7.1160
35 Large and Small Market Hog Establishments (Version 2)
Baseline 0.0094 69,857 -- -- -- -- --
Disc(SP) 0.0093 770 1.1023  -1.4850 3.2730 -0.7770 2.7820
Disc(SNP) 0.0092 1,257 1.7994  1.2644 2.5861 1.3384 2.3517
Disc(U) 0.0093 506 0.7243  -1.0790 2.2380 -0.5790 1.8950
Disc(NR) 0.0089 3,893 5.5728 4.7244 6.7934 4.8491 6.4312
SP+U 0.0092 1,276 1.8266  -1.8060 5.0610 -0.8020 4.2900
SNP+U 0.0092 1,763 2.5237  0.8000 4.3410 1.2180 3.8640
SP+U+NR 0.0087 5,169 7.3994  3.8450 11.3040  4.6990 10.2600
SP+SNP+U 0.0091 2,533 3.6260  0.2100 7.0020 1.0990 6.1360
SP+SNP+U+NR  0.0085 6,426 9.1988 5.7310 13.3260  6.4890 12.1880
SP+SNP 0.0091 2,027 2.9016 0.5120 5.2310 1.1240 4.6450

Abbreviations: NR, observation and reporting by inspectors of a noncompliance record; SNP, scheduled not
performed procedures; SP, scheduled and performed procedures; U, unscheduled procedures performed.
Source: FSIS analysis of Agency generated data, post-chill sampling points. Summary statistics derived using
Monte Carlo simulation for ten scenarios.
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Table 11: Procedure Rates for Baseline and Estimates with Application of Scenarios

Total Procedure Change from

Total Percentiles (5%, Change from Baseline Percentiles = Procedure No.
Scenarios Procedures 95%) Baseline (%) (5%, 95%) at Baseline
Baseline 165,506 -- -- -- 165,506
Disc(SP) 139,031 (124,941, 153,121) 25 (12.3,37.7) 111,225
Disc(SNP) 4,544 (2,241, 6,846) -50 (-75.3, -24.7) 9,088
Disc(U) 50,857 (45,703, 56.011) 25 (12.3,37.7) 40,686
Disc(SP+SNP+U) 194,432 167283, 205,709 21 (6.5,57.0) 160,999
SP+SNP+U+NR 196,836 (124,440, 278,695)  18.93 (7.8, 30.1) 165,506

Abbreviations: NR = observation and reporting by inspectors of a noncompliance record; SNP = scheduled not performed procedures; SP = scheduled and
performed procedures; U = unscheduled procedures performed.

Source: FSIS analysis of Agency generated data, including pre-evisceration and post-chill sampling points.

Summary statistics derived using Monte Carlo simulations of the five scenarios.
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Table 12: Estimated Illness Reduction Scenario Uncertainty - 159 Establishments (5,046 Sample Days)*

Statistic SP SNP U NR SP+U SNP+U SP+U+NR SP+SNP+U SP+SNP+U+NR SP+SNP
Mean 1,651 2,016 1,277 2,383 2,928 3,293 5311 4,944 7,327 3,667
Standard Deviation 1,868 792 1,349 884 2,858 1,471 3,096 2,745 3,172 1,951
Mode 2,160 1,795 1,626 2,044 3,276 3,203 5,187 4,992 6,835 3,955
5" Percentile -983 1,447  -552 1,515 -762 1,544 1,699 1,481 3,804 1,237
10 ™ Percentile -254 1,526  -41 1,643  -263 1,969 2,574 2,386 4,578 1,866
(ok)

50 ™ Percentile 1,795 1,937 1,375 2272 3,067 3,264 5210 4,970 7,127 3,687
90 ™ Percentile 3,344 2,603 2,456 3,261 5,413 4,660 8202 7,481 10,357 5,434
95 " Percentile 3,836 2,853 2,800 3,631 6,188 5,147 9,254 8,357 11,518 6,027
Probability of 15.30% <0.01% 13.30% <0.01% 10.30% 3.60% 4.40% 3.80% 1.4% 3.00%

Increased Illnesses®

“This table describes human illness-avoided estimates (Aavoided) resulting from scenario HIMP inspection procedure rates applied to non-HIMP market hog carcass Salmonella
contamination rates at post-chill using a sample size of 6,684 for prediction.

bThis percentage represents the probability that an increase in illness of any size, even one illness, will occur. In other words, it is the likelihood that the decrease in illnesses will
be negative.

Abbreviations: NR = observation and reporting by inspectors of a noncompliance record; SNP = scheduled not performed procedures; SP = scheduled and performed procedures;
U = unscheduled procedures performed.

Source: FSIS analysis of Agency generated data (2010-2011).
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Table 13: Estimated Illness Reduction Scenario Uncertainty - 35 Selected Establishments - Version 1 (2,330 Sample Days) *

Statistic SP SNP U NR SP+U SNP+U  SP+U+NR  SP+SNP+U SP+SNP+U+NR SP+SNP
Mean 770 1,257 506 3,893 1,276 1,763 5,169 2,533 6,426 2,027
Standard Deviation 3,945 1,032 2,511 2,572 6,330 3,037 7,121 3,801 7,308 4,435
Mode 1,430 896 1,971 3,125 1,630 1,830 5,043 3,801 5,358 2,186

5" Percentile -3,757 460 -2,361 2,001 -4,842 -968 -875 -3,255 484 -2,147
10 " Percentile -2,441 574 -1,547 2,284 -3,134 -295 525 -1,719 1,732 -1,034
50 ™ Percentile 1,030 1,147 661 3,654 1,518 1,737 4,911 2,607 6,038 2,108

90 ™ Percentile 3,637 2,079 2,350 5,799 5,366 3,839 10,176 6,685 11,643 4,971

95 ™ Percentile 4,464 2,428 2,873 6,594 6,640 4,580 12,075 8,102 13,699 5,954
Probability of 36.80% 1.30% 34.70% 1.50% 33.50% 15.60% 9.30% 20.90% 6.20% 22.00%

Increased Illnesses®

*This table describes human illness-avoided estimates (Aavoided) resulting from scenario HIMP inspection procedure rates applied to non-HIMP market hog carcass Salmonella
contamination rates at post-chill using a sample size of 2,330 for prediction.

bThis percentage represents the probability that an increase in illness of any size, even one illness, will occur. In other words, it is the likelihood that the decrease in illnesses will
be negative.

Abbreviations: NR = observation and reporting by inspectors of a noncompliance record; SNP = scheduled not performed procedures; SP = scheduled and performed procedures;
U = unscheduled procedures performed.

(Version 1) Means that the model has been run in this case using 2,330 sample days

Source: FSIS analysis of Agency generated data (2010-2011).
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Table 14: Estimated Illness Reduction Scenario Uncertainty-35 Selected Establishments - Version 2 (22,631 Sample Days)*

Statistic SP SNP U NR SP+U SNP+U  SP+U+NR  SP+SNP+U  SP+SNP+U+NR  SP+SNP
Mean 770 1,257 506 3,893 1,276 1,763 5,169 2,533 6,426 2,027
Standard Deviation 1,064 585 770 454 1,482 759 1,605 1,698 1,641 1,010
Mode 1,052 1,055 760 3,721 1,510 1,753 5,188 2,879 5,980 2,138

5" Percentile -1,037 883 -754 3,300 -1,262 559 2,686 147 4,003 357

10 " Percentile -543 935 -404 3,387 -560 851 3,283 768 4,533 785

50 ™ Percentile 864 1,205 571 3,818 1,366 1,745 5,096 2,549 6,288 2,040
90 ™ Percentile 1,944 1,643 1,324 4,493 2,997 2,700 7,168 4,287 8,514 3,245

95 " Percentile 2,286 1,807 1,563 4,746 3,535 3,032 7,897 4,892 9,309 3,654
Probability of 19.5% <0.01% 20.5% <0.01% 16.8% 1.40% 2.90% 4.0% 1.8% 2.70%

Increased Illnesses®

This table describes human illness-avoided estimates (Aavoided) resulting from scenario HIMP inspection procedure rates applied to non-HIMP market hog carcass Salmonella
contamination rates at post-chill using a sample size of 22,631 for prediction.

®This percentage represents the probability that an increase in illness of any size, even one illness, will occur. In other words, it is the likelihood that the decrease in illnesses will
be negative.

Abbreviations: NR = observation and reporting by inspectors of a noncompliance record; SNP = scheduled not performed procedures; SP = scheduled and performed procedures;
U = unscheduled procedures performed.

(Version 2) means that the model has been run in this case using 23,631 sample days.

Source: FSIS analysis of Agency generated data (2010-2011).
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With implementation of the indiscriminate scenario (SP+SNP+U+NR), FSIS inspectors
in market hog establishments are predicted to carry out up to 196,836 inspection
procedures per year, which is an increase of 18.93% over baseline. On average, total
category-specific procedures were predicted to increase from a baseline of 111,225 to
139,031 with application of the scenario Disc(SP); increase from 40,686 to 50,857 with
application of Disc(U); and decrease from 9,088 to 4,544 with application of Disc(SNP).
The mean, 5" percentile, and 95" percentile values from the modeled distribution are
provided in Table 11 for all estimates.

Table 12 and Table 13 show the estimated mean, standard deviation, mode, and the 5/10™
and 90/95' percentile values for illnesses avoided, as well as the approximate likelihood
of an increase in illnesses, with implementation of the six scenarios, where Salmonella
percent positive reductions at post-chill would result in changes to the illness rate in
consumers eating market hog products. Table 12 shows estimates assuming that all
market hog establishments participate; Table 13 shows estimates produced from model
Version 1, based on 2,330 sample days and assuming the 35 large and small market hog
establishments participate. Table 14 also depicts a scenario in which 35 large and small
market hog establishments participate, but incorporates inspection procedure data from
days when no Salmonella samples were drawn—thus including data from 22,631 sample
days. This method increases the amount of information about each establishment that is
incorporated in the simulation; however, it does not account for all the uncertainty
associated with imputing the missing Sa/monella sample data. Therefore, it understates
the uncertainty around the predicted means to some degree, as suggested by previous
comments.

The likelihood of illnesses increasing with the inspection system change was estimated
from the uncertainty distributions generated in @Risk. The Monte Carlo simulation
results reflect the aggregate estimated change in total illnesses across the market hog
slaughter establishments. To estimate this aggregate value, the Aavoided values for the
market hog Salmonella model were summed for each iteration of a Monte Carlo
simulation.

The results of this assessment for all market hog establishments (Table 12) and for 35
large and small market hog establishments (Table 13 and Table 14) indicate that a
decrease in illnesses is more likely to occur than an increase under all implementation
scenarios considered. Based on the mean (expected) value of the simulated uncertainty
distribution, each scenario is expected to result in at least some amount of illness
reduction. The estimated decrease in illnesses under the most feasible SP+SNP+U
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scenario using a sample size of 22,631 (model Version 2) is expected to be 2,533 (90% CI:
768- 4,287), with a probability of decreasing illnesses of approximately 96%. The
estimated decrease in illnesses under the most feasible SP+SNP+U scenario using the
empirical data with a sample size of 2,330 (model Version 1) is expected to be 2,533 (90%
CI: —1,719 - 6,685) with a probability of decreasing illnesses of approximately 80.0%.
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Sensitivity Analysis

This sensitivity analysis examined how the final model output (Aavoided) 1s influenced by
changes in the model inputs. First, the analysis examined the relative influence of the
main stochastic inputs on the final multicomponent uncertainty distribution for illnesses
avoided when evaluated as the only changing variables in the SP+SNP-+U model. This
involved analyzing the sensitivity of the output to changing just one of the stochastic
inputs while holding the others constant at their mean value. Second, the analysis
examined the sensitivity of the partial derivative of Aavoided Versus stochastic input values
for insight about the effect of alternative input values. The sensitivity analysis is derived
from @Risk 7.0 advanced sensitivity analysis.

Figure 3 through Figure 5 show the cumulative percentile distributions, describing the
range of values obtained for illnesses avoided with implementation of the three single-
adjustment discriminate scenarios under the 35 plant NSIS adoption scenario. It is
important to note that the spread of the cumulative percentile distributions is related to
the contributions of each variable to the uncertainty in the resulting numbers of
salmonellosis cases avoided. The spread is widest for Disc(SP) and narrowest for
Disc(SNP). The spread for Disc(U) is intermediate.

Figure 6 depicts the contribution of the SP, U, and SNP inspection procedure category
variables to the estimated output about the reduction in salmonellosis cases in the
SP+SNP+U scenario. This figure is a spider graph based on the percentiles of each
distribution and is centered at the mean of each percentile distribution. The slopes indicate
which variable contributes the most change in output for unit change in input and least to
the estimated output about illness reduction. It can be seen that the SP variable has the
most contribution to output about illness reduction while the SNP variable has the least
contribution to the output. Also, the U variable has less of a contribution than the SP
variable but more of a contribution than the SNP variable.

Figure 7 depicts a tornado graph in which the bar sizes are indicative of variable
contribution to the output in the SP+SNP+U scenario illnesses avoided estimate. The
horizontal axis shows the number of illnesses avoided according to the breadth of the three
tornado layers. The greatest contribution to output is from the SP variable with the widest
breadth (highest on the graph) and the least contribution is from the SNP variable with the
narrowest breadth (lowest on the graph). The contribution from the U variable is
intermediate.
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Cumulative Distributions of SP Scenario for Changing Values of SP /
shifts SP - 35 Establishments (1)
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Figure 3: Cumulative Percentile Distributions for Disc(SP) Aavoided Sensitivity
Analysis (Version 1)*
Estimated change in the annual Sa/monella human illness rate when offline SP inspection procedures are increased
in 35 large and small non-HIMP market hog establishments with sample size 2,330. Figure depicts the discriminate
SP scenario that increased scheduled and performed procedures with cumulative probability distributions labeled as
percentiles from 1% to 99%.
Abbreviation: SP = scheduled and performed procedures.

Source: FSIS analysis of Agency generated data (2010-2011).

n Version 1, the model has been run in this case using 2,330 sample days.
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Cumulative Distributions of U Scenario for Changing Values of U /
shifts U - 35 Establishments (1)
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Figure 4: Cumulative Percentile Distributions for Disc(U) Aavoided Sensitivity
Analysis (Version 1)*
Estimated change in the annual Salmonella human illness rate when offline U inspection procedures are increased in
35 large and small non-HIMP market hog establishments with sample size 2,330. Figure depicts the discriminate U
scenario that increased unscheduled procedures with cumulative probability distributions labeled as percentiles from
1% to 99%.

Abbreviation: U = unscheduled procedures performed.

Source: FSIS analysis of Agency generated data (2010-2011).

n Version 1, the model has been run in this case using 2,330 sample days.
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Cumulative Distributions of SNP Scenario for Changing Values of
SNP / shifts SNP - 35 Establishments (1)
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Figure 5: Cumulative Percentile Distributions for Disc(SNP) Aavoided Sensitivity
Analysis (Version 1)*
Estimated change in the annual Salmonella human illness rate when offline SNP inspection procedures are
decreased in 35 large and small non-HIMP market hog establishments with sample size 2,330. Figure depicts the
discriminate SNP scenario that decreased scheduled but not performed procedures with cumulative probability
distributions labeled as percentiles from 1% to 99%.
Abbreviation: SNP = scheduled not performed procedures.

Source: FSIS analysis of Agency generated data (2010-2011).

n Version 1, the model has been run in this case using 2,330 sample days.
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Mean of SP+SNP+U Scenario llinesses Avoided
vs Input Distribution Percentiles- 35 Establishments (1)
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Figure 6: Percentiles of Indiscriminate Scenario in 35 Large and Small
Establishments Illnesses Avoided (Aavoided) vs. Input Decision Variable Distribution

Percentiles (SP, SNP, and U) (Version 1)2
Estimated change in the annual Salmonella human illness rate when offline SP and U inspection procedures are
increased and SNP procedures are decreased with sample size 2,330.

Abbreviations: SNP = scheduled not performed procedures; SP = scheduled and performed procedures; U = unscheduled
procedures performed.

Source: FSIS analysis of Agency generated data (2010=2011).
%In Version 1, the model has been run in this case using 2,330 sample days.
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Sensitivity Tornado SP+ SNP+U Scenario-
35 Market Hog Establishments (1)
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Figure 7: Sensitivity Graph for Decision Variables in Market Hog-Salmonella Model
SP+SNP+U Indiscriminate Scenario for 35 Large and Small Establishments (Version
1)
This tornado graph illustrates the relative sensitivity of each inspection variable category to the Aaveides €Stimate with
respect to the scheduled and performed procedures (SP), unscheduled procedures (U), and scheduled not performed
procedures (SNP logistic model coefficients). Thirty-five establishments with sample size 2,330.
Abbreviations: SNP = scheduled not performed procedures; SP = scheduled and performed procedures; U = unscheduled

procedures performed.
Source: FSIS analysis of data generated from the model.

n Version 1, the model has been run in this case using 2,330 sample days.

Uncertainty Analysis

Three main stochastic inputs contribute uncertainty to the final distribution of Aavoided: 1)
the baseline annual rate of foodborne Salmonella illness (Ain) that is modeled as a
lognormal distribution of all commodity illnesses proportionally decreased by two Pert
distributions and a fourth Pert distribution representing the total uncertainty of market
hog-attributable illnesses; ii) adjustment factors (4;) that are modeled as Pert distributions;
and iii) beta coefficients (f;) that are modeled in a multivariate Normal distribution. The
analysis examined how each of these uncertainty distribution inputs influence total
uncertainty about Aavoided by simulating the model with only one of the
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three stochastic inputs outlined as affecting the illness avoided at a time. The variability
from a simulation with just one stochastic input is compared to the simulation results
when all inputs are stochastic.

Results of analysis of the relative contribution of uncertainty about Aayoided, Using data
from the subset of market hog establishments, are shown in Figure 8. The indiscriminate
scenario for market hog Salmonella was simulated with all of the three main stochastic
inputs (Ain [lambda], 4; and f; [beta]); the uncertainty about Aavoided 1S shown as the
“Illnesses Avoided” distribution. Alternatively, the same model was simulated with just
one of these uncertain inputs (while holding the other two at their expected values); the
resulting distributions for Aavoided are labeled as “4 Uncertainty”, “Beta Uncertainty”, and
“Lambda Uncertainty”. These results demonstrate that the “Ain Uncertainty” distribution
nearly replicates the “Illnesses Avoided” distribution. Therefore, uncertainty about A
contributes most to total uncertainty about Aavoided compared to 4; and f;. Uncertainty about
Ain contributes intermediately to total uncertainty about Aavoided. This leaves the uncertainty
about f; to denote the smallest contributing uncertainty. A simulation where all three

inputs are fixed at their expected values (“No variability”) is included to demonstrate that
the model simply returns an expected value for Aavoided.
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llinesses Avoided (SP+SNP+U) Scenario Uncertainty Components - 35
Market Hog Establishments
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Figure 8: Relative Contributions to Uncertainty in Illnesses Avoided (Aavoided)
Estimate for 35 Market Hog Establishments (Version 1)

The indiscriminate scenario for market hog Salmonella was simulated with three main
stochastic inputs (Aill [lambda], A1 and i [beta]); the uncertainty about Aavoided is
shown as the “Illnesses Avoided” distribution. Alternatively, the same model was
simulated with just one of these uncertain inputs (while holding the other two at their
expected values); the resulting distributions for Aavoided are labeled as “A Uncertainty”,
“Beta Uncertainty” and “Lambda Uncertainty”. Source: FSIS analysis of Agency
generated data.

%In Version 1, the model has been run in this case using 2,330 sample days.
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DISCUSSION

This report considers multiple alternative scenarios to predict the potential public health
effects of modifying the allocation of FSIS inspection resources in non-HIMP market hog
slaughter establishments. Although more complicated models to relate occurrences of
microbial pathogens to human illnesses may be conceived, the approach taken here
makes the best use of available data. The model and analyses presented examine
available data to describe the quantitative relationship between observed Salmonella-
positive hog carcass samples and inspection activities taking place in market hog
slaughter establishments. The relationship is modeled using a number of potential
decision variables in individual- and combined-adjustment scenarios. It is assumed that
the observed association of decision variable rates and percentage Salmonella positive
samples is predictive of the underlying relationship. It is further assumed that there is a
proportional relationship between observed Salmonella positive samples in market hog
slaughter establishments and market hog-attributable human salmonellosis. A great deal
of the quantitative portion of this risk assessment focuses on these two relationships. The
methods used here have been applied extensively in other peer reviewed published risk
assessments (Bartholomew et al., 2005; Williams and Ebel 2012; Ebel et al., 2012;
Withee ef al., 2009). The risk assessment provides answers to each of the three risk
management questions discussed below.

What predicted effects will various models for increasing the number of offline
inspection tasks in non-HIMP establishments have on human salmonellosis rates?
On the basis of CDC and FSIS data, the mean of the uncertainty distribution for the total

annual salmonellosis cases attributed to market hogs is estimated to be 69,857 (80%
confidence interval (CI): 38,834 — 97,963; 90% CI: 34,237-111,673). Model results
indicate that under all scenarios considered it is likely that modifying non-HIMP
establishments’ inspection procedure rates to be similar to HIMP will decrease
salmonellosis illnesses rather than increase salmonellosis illnesses.

The infeasible indiscriminate scenario (SP+SNP+U+NR) model changes in the rates
treating four inspection procedure variables as decision variables and modifying them in
combination. Under the infeasible indiscriminate scenario and assuming that all 159 non-
HIMP market hog establishments adopt a NSIS based on 5,049 samples), Salmonella
prevalence at post-chill is estimated to decrease 10.49% (80% CI: 6.55% decrease —
14.82 % decrease; 90% CI: 5.44% increase — 16.49% decrease). This reduction in
prevalence corresponds to an estimated 7,327 (80% confidence interval: 4,578 — 10,357
decrease; 90% CI: 3,804 decrease — 11,518 decrease) market hog-attributable human
salmonellosis cases prevented. Under the infeasible indiscriminate scenario, if the 35
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large and small non-HIMP market hog establishments adopt NSIS (based on sample
model version 2), Salmonella prevalence at post-chill is estimated to decrease 9.20%
(80% CI: 2.48% — 16.67% decrease; 90% CI: 0.69% -19.61% decrease), corresponding
to an estimated 6,426 (80% CI: 1,732 — 11,643 decrease; 90% CI: 484 — 13,699) market
hog-attributable human salmonellosis cases prevented.

For Disc(SP), the discriminate scenario which adjusts the rates of scheduled and
performed procedures only, the estimated reduction in market hog-attributable
salmonellosis cases is 1,651 cases annually (80% CI: 983 increase — 3,344 decrease; 90%
CI: 983 increase — 3,836 decrease) assuming that all 159 non-HIMP market hog
establishments adopt a NSIS, or 770 cases annually (80% CI: 2,441 increase — 3,637
decrease; 90% CI: 3,757 increase — 4,464 decrease) assuming the 35 large and small
establishments adopt the system under sampling model version 1). Disc(SNP) predicts a
decrease of 2,016 cases annually (80% CI: 1,526 — 2,603 decrease; 90% CI: 1,447 —
2,853 decrease) or 1,257 (80% CI: 574 -2,079 decrease; 90% CI: 460 — 2,428 decrease)
assuming that all non-HIMP market hog establishments or the 35 large and small
establishments, respectively, adopt a NSIS. The Disc(U) scenario estimates a reduction
of 1,277 cases annually (80% CI: 41 increase— 2,456 decrease; 90% CI: 552 increase —
2,800 decrease) or 506 cases annually (80% CI:1,547 increase — 2,350 decrease; 90% CI:
2,361 increase — 2,873 decrease) assuming that all non-HIMP market hog establishments
or the 35 large and small establishments, respectively, adopt a NSIS. Under the infeasible
discriminate scenario, Disc(NR), the estimated reduction in market hog-attributable
salmonellosis cases is 2,383 cases annually (80% CI: 1,643 — 3,261 decrease; 90% CI:
1,515 — 3,631 decrease) or 3,893 cases annually (80% CI: 2,284 — 5,799 decrease; 90%
CI: 2,001 — 6,594 decrease) assuming that all non-HIMP market hog establishments or
the 35 large and small establishments, respectively, adopt a NSIS.

Because some instances of noncompliance are directly related to fecal and microbial
carcass contamination, NRs might be expected to be positively associated with an
increase in product contamination. That is, an establishment that does not have
consistently good food safety practices in place might be expected to demonstrate an
increased contamination rate compared with an establishment with good food safety
practices. Alternatively, an inspector may be above average in his or her level of
vigilance to violations and any given establishment in which this inspector works might
demonstrate a relatively lower contamination rate for its number of NRs. The expected
relationship between this variable and illnesses depends on which of these two
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correlations is more frequently correct. If the former predominates, an increase in NR
procedures would be expected to lead to an increase in illnesses. If the latter
predominates, an increase in NR procedures would be expected to lead to a decrease in
illnesses. The relationship between NR and Salmonella prevalence can change over time
in a given establishment if that establishment’s practices improve. It is also plausible that
both correlations were not noticeably dominant and, therefore, the NR rate is not an
important predictor of contamination rates and illnesses. However, this possibility is not
reflected in the data.

However, because of the uncertainty in the NR rate determining any reduction or increase
in illnesses, and because the Agency does not schedule or direct inspectors to issue a
specified number of NRs, this decision variable has been excluded from serious
consideration as a determining factor in illness reduction. Rates of NRs are expected to
be linked to illness rates because the frequency of noncompliance records is a known
indicator of establishment performance at achieving public health standards. However,
since this variable depends on individual inspectors and establishment processes, this risk
assessment includes feasible scenarios where NR rates are not adjusted to some
determined level.

The feasible scenarios include some combination of SP, SNP, and/or U decision
variables. Further, that combination should be determined by available establishment
practices in PHIS scheduling public heath related procedures and allowing more time and
inspection program personnel availability so as to increase the number of scheduled
procedures completed, reduce the number of scheduled procedures not performed, and
increase the number of unscheduled public health related procedures.

Under the feasible scenario that treats SP, SNP, and U as decision variables (and treats
NRs as a structural variable), the estimated reduction in market hog-attributable
salmonellosis cases over all 159 establishments is 4,944 cases (80% CI: 2,386 — 7,481
decrease ; 90% CI: 1,481 increase — 8,357 decrease) assuming that all non-HIMP market
hog establishments adopt a NSIS with a probability for adverse effect of 3.8%, or 2,533
cases (80% CI: 1,719 increase - 6,685 decrease ; 90% CI: 3,255 increase — 8,102
decrease) assuming the 35 large and small non-HIMP market hog establishments
participate. Because of the small number of establishments and small sample size, the
probability of an increase in the Salmonella case rate is 20.9%, or about an 80%
likelihood that illnesses will decrease.
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Additional analysis of the SP+SNP+U scenario improved the uncertainty expectation of
illnesses avoided by increasing the sample size used for model predictions. The sample
size was increased from 2,230 (model Version 1) to 22,632 (model Version 2) by using
all inspection data from 2010 through 2011 which included all days of inspection
recorded, whether or not Salmonella samples were taken.

Using a larger imputed dataset of 22,631 inspection days to create model Version 2, the
feasible scenario (SP+SNP+ U) has an estimated reduction in market hog-attributable
salmonellosis cases of 2,533 cases (80% CI: 768 — 4,287 decrease; 90% CI: 147 — 4,892
decrease) assuming the 35 large and small non-HIMP market hog establishments
participate. The probability of an increase in the Salmonella case rate is 4.0%.

Where within a hog slaughter establishment can relocated inspectors have the most
impact toward reducing microbial prevalence and corresponding human illness?
Among all scenarios, the highest estimated mean reduction in illnesses is obtained under
the infeasible indiscriminate scenario, which increases SP and U variable rates, but
decreases SNP and NR variable rates in combination. This result suggests that targeting
the SP, SNP, U, and NR inspection procedure categories in combination would obtain the
maximum salmonellosis case reduction and the greatest public health effect. Issuances of
NRs, however, cannot be decreased to some desired level simply by reallocating FSIS
inspection resources. Among the feasible implementation scenarios, the highest estimated
mean reduction in illnesses is obtained under the indiscriminate scenario (SP+SNP+U).
As noted above, however, the results suggest a tradeoff between expected gains and the
degree of confidence in doing no harm.

Discriminate scenarios ranked in order of impact on illnesses for the 35 selected
establishments were: SNP (decreased 1,257 illnesses); SP (decreased 770 illnesses); and
U (decreased 506 illnesses). However, the sensitivity analysis showed that the greatest
change in illnesses avoided per unit change in decision variable were ranked SP>U>SNP
in the SP+SNP+U scenario. Therefore, the best choice is implementation of the
indiscriminate SP+SNP+U scenario. But if any one discriminate scenario is employed,
the SP scenario seems the best choice even though the distribution mean is larger for SNP
(SNP>SP>U). On the other hand, the SNP scenario has no downside, with an adverse
effect probability essentially zero, while the SP and U scenarios each have an adverse
probability of over one-sixth (>16.67%). Examination of the distribution graphics of
illnesses avoided versus each discriminate distribution shows that although the
distribution of the SNP’s mean is slightly greater than the others’, the slope and scope of
the SP and U distributions are much greater than for SP (see Figure 9, Figure 10 and
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Figure 9: Scatterplot for Total Illnesses Avoided Scenario (SP+SNP+U) versus SP
Decision Variable Illnesses Avoided
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Figure 10: Scatterplot for Total Illness Avoided Scenario (SP+SNP+U) versus U
Decision Variable Illness Avoided
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SP+SNP+U vs. SNP Scenario
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Figure 11: Scatterplot for Total Illness Avoided Scenario (SP+SNP+U) versus SNP
Decision Variable Illness Avoided

What is the magnitude of uncertainty about these predicted prevalence and illness
effects?

Our modeling approach includes the inherent uncertainty about the relationship between
the structural variables and frequency of inspection activities and observed pathogen
prevalence, the actual change in future inspection activities that would likely be
observed, and the rate of human salmonellosis attributable to the consumption of pork
products derived from market hogs. The magnitude of the uncertainty is such that while
the mean of the estimated uncertainty distribution suggests a reduction in illnesses under
all scenarios considered, the estimated probability of increased illnesses exceeds 5% in
the SP+U scenario using the 22,631 sample size. The feasible SP+SNP+U scenario has
the smallest probability of mean illness increase at 4.0% while reducing illnesses an
average of 2,533. However, only targeting the SNP decision variable has a probability
of increased illnesses of less than 0.01% while reducing illnesses an average of 1,257.

Our modeling approach includes the inherent uncertainty in the estimate of total
salmonellosis cases due to the consumption of market hog products, the variability in the
individual Pert distributions estimating the change in the number of inspection
procedures done at post-chill (4;), and the regression model coefficients. The uncertainty
distribution of the total illness distribution (A, lambda) provided the greatest contribution
to overall uncertainty, as its magnitude is the largest. The combined regression coefficient
uncertainty distribution (3, Beta) is the smallest contributor. Because each iteration of the
model was carried out by solving for a prevalence estimate using an average of all 7,471
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inspection records for each independent variable (X;), the variability in inputs was
assumed to follow random variation. No additional adjustments were made to account for
input variability. Effort was made to determine if modeled scenarios produced
uncertainty bounds that would include either zero or increased cases of market hog-
attributable salmonellosis.

Assuming all market hog establishments adopt a NSIS, the uncertainty distribution for
the human foodborne salmonellosis cases avoided under the infeasible indiscriminate
(SP+SNP+U+NR) scenario results in a 5 percentile estimate of a decrease in 4,578
cases and 95" percentile estimate of a decrease of 11,518 cases. The feasible
indiscriminate (SP+SNP+U) scenario results in a 5" percentile estimate of a decrease of
2,386 cases and 95™ percentile estimate of a decrease of 8,357 cases. The discriminate
scenarios produced percentile estimates as follows: Disc(SP) estimated a 5™ percentile
increase of 983 cases and a 95" percentile reduction of 3,836 cases; Disc(SNP) estimated
a 5™ percentile reduction of 1,447 cases and a 95" percentile reduction of 2,853 cases;
Disc(U) estimated a 5™ percentile increase of 552 cases and a 95" percentile reduction of
2,800 cases; and infeasible Disc(NR) estimated a 5" percentile reduction of 1,515 cases
and a 95" percentile reduction of 3,631 cases.

Assuming that only the 35 large and small non-HIMP market hog establishments adopt a
NSIS and using the inspection dataset of size 2,330 (Version 1), the estimated uncertainty
distribution of human foodborne salmonellosis cases avoided under the infeasible
indiscriminate scenario (SP+SNP-+U+NR) has a 5" percentile of 484 cases averted and a
95 percentile of 13,699 cases averted. For the discriminate scenarios for the 35 plants,
Disc(SP) estimated a 5" percentile increase of 3,757 cases and a 95" percentile decrease
of 4,464 cases. Disc(SNP) estimated a 5™ percentile decrease of 460 cases and a 95™
percentile decrease of 2,428 cases. Disc(U) estimated a 5% percentile increase of 2,361
cases and a 95" percentile decrease of 2,873 cases. Infeasible Disc(NR) estimated a 51
percentile decrease of 2,001 cases and a 95" percentile decrease of 6,594 cases.
Disc(SP+SNP+U) (for which NRs is a structural variable) estimated a 5" percentile
increase of 3,255 illnesses and a 95" percentile decrease of 8,102 illnesses.

However, using the larger inspection dataset of size 22,631 (Version 2), the estimated
uncertainty distribution of human foodborne salmonellosis cases avoided under the
infeasible indiscriminate scenario (SP+SNP+U+NR) has a 5™ percentile of 4,003 cases
averted and a 95" percentile of 9,309 cases averted. For the discriminate scenarios for the
35 plants, Disc(SP) estimated a 5™ percentile increase of 1,037 cases and a 95" percentile
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decrease of 2,286 cases. Disc(SNP) estimated a 5" percentile decrease of 883 cases and a
95" percentile decrease of 1,807 cases. Disc(U) estimated a 5" percentile increase of 754
cases and a 95" percentile decrease of 1,563 cases. Infeasible Disc(NR) estimated a 51
percentile decrease of 3,300 cases and a 95" percentile decrease of 4,746 cases.
Disc(SP+SNP+U) (for which NRs is a structural variable) estimated a 5" percentile
decrease of 147 illnesses and a 95" percentile decrease of 4,892 illnesses. The 10" and
90™ percentiles of this distribution are 768 and 4,287. This scenario has a probability of
increased illnesses of 4.0% compared to the SP (19.0%); SNP (<0.01%); and U (20.2%)
feasible scenarios.
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APPENDIX A: Regression Modeling Methods and Observational Data Sets

This appendix explains the results of regression modeling that are the foundation of this
risk assessment. It is here that evidence on the occurrence of pathogens on hog carcasses
is statistically linked to evidence on possible explanatory variables. Based on these
findings, the body of this report estimates human illnesses avoided following
implementation of a hog slaughter inspection system similar to the HIMP inspection
system. With such a modernized slaughter there would be a shift of the online inspectors
to offline inspection duties as in HIMP establishments. The first stage of the model is a
regression model developed to assess the relationship between the performance of offline
inspection procedures and the annual percent positive rate of Sa/monella on market hog
carcasses. A binary logistic regression with coefficients that is weighted by slaughter
volume estimates the relationship between offline inspection procedures and the annual
percent positive rate of Salmonella on market hog carcasses. The second stage of the
model uses Monte Carlo generated distributions for the Salmonella illnesses estimated to
be avoided in the scenario analysis. The second stage of the model depends on the
regression relationship between offline procedures and illnesses avoided.

Regression Model Approach

The basic regression model is estimated to account for the Salmonella target pathogen
paired with market hog food commodities. For the product-pathogen pair, a multivariate
binary logistic model is fit to Salmonella presence or absence and inspection procedure
categories corrected for establishment confounding variation. The model weights the data
by establishment slaughter volume and accounts for the clustered nature of the data and
model variable correlations. It uses pseudo-likelihood estimation and employs a
correction for over-dispersion.

The model evaluates pathogen prevalence as the annual percent positive rate of
Salmonella on market hog carcasses in relation to four offline inspection procedure
categories: (1) scheduled and performed; (i1) scheduled but not performed; (iii)
unscheduled; and (iv) noncompliance records. These four categories of inspection
procedures encompass the totality of procedure elements across six classes of standard
offline procedures completed by FSIS personnel: (i) sanitation; (i) HACCP; (iii)
wholesomeness/economic consumer protection; (iv) sampling; (v) sanitation performance
standards; and (vi) food defense.
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The four defined categories were chosen in the poultry slaughter risk assessment (FSIS,
2013) and evaluated, using the hog slaughter data, in this risk assessment because the
expected/intended effect of the modeled alternative scenarios was consistent for
procedures within each category. For example, the proposed increase in offline
inspectors is expected to increase scheduled and performed, and unscheduled procedures
while reducing scheduled but not performed procedures. It also is assumed that
noncompliance records may initially increase with more offline inspectors in slaughter
establishments, but, in the long run, may decrease because such establishments would
attain appropriate process control.

Because of the observational nature of the data, a set of structural variables were used to
control confounding. These structural variables pertained to non-inspection activities but
included consideration of establishment size, temporal, spatial, and other establishment
factors!®. The regressions are estimated using SAS Proc Logistic version 9.4 software.
The logit link function is used for the dependent variable and quasi-maximum likelihood
estimates (correcting for over dispersion) of the structural and decision variable
regression coefficients are obtained using the Fisher scoring algorithm. Wald statistics
are calculated for assessing the significance of regression coefficients.

The general form of the weighted binary model (weighting factors are not shown in
equations for simplicity) relating unconditional probabilities (p) to the regression

coefficients (b;) in standardized form with X; as the regressors is:

e(b0+ X+ bXo+ ...+ b,X,)

1 —I— e(b0+b1X1 +b2X2+...+ann )

The logit link function relating the natural log of the odds ratio (p/(1-p)) to the
standardized regression coefficients is:

n

log(LJ =b,+ bX,+ X, + ..+ b X

A single estimate of the linear component in the prevalence prediction equations is 1)
which is equal to the logit or log ((p)/(1-p)):

101n some of the scenarios noncompliance records were considered as a structural, rather than decision, variable.
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n=b,+ b X+ b,X,+..+b X,

The scalar quantity, 1, is simplified as follows in the tables below where B and X are
vectors of the b; coefficients and the X; values combined as a linear composition:

n=BX

The estimate of the n vector over all data points is a vector equation. Each vector element
represents a data point from the X matrix of n data points and p variables plus the
intercept.

In the case of the model, n=7,471 and p=22 (four of which are the decision variables, and
an additional variable is added for the intercept).

(1) =X(n,p+1)b(p+11)

At each iteration of the multivariate normal distribution of regression coefficients in the
simulation model first stage, a b* vector is produced.

b*(nl) =b+2zC,

where C’C = S, the variance-covariance matrix taken from the SAS model output and C
is the upper triangular Cholesky factor of S. The result is that for each iteration for the
vector, b*, a new set of multivariate normal regression coefficients is estimated. The
coefficient vector, b, has the initial quasi-likelihood regression coefficient estimates, and
z 1s a vector of random normal deviates. So, at each iteration the vector, n*, is produced.

n*(n,1) =X (n, p+1)b*(p+ L1) n*(n,1) = X(n,p+1)b*(p+1,1)

The equation for estimating a single prevalence for a single n| estimate is the inverse
logistic equation.

1
p:

l+e"
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The equation for estimating the prevalence vector over all data points is the vectorized
inverse logistic equation.

1
p(n,1)= T3 o

At each of the 100,000 iterations of the model which were found to provide stable
estimates, the weighted average of the p vector is taken and then divided by the baseline
prevalence. The weighted prevalence of the p vector is the weighted average.

pavezzriwq)i/znlwl'

The ratio of the average weighted prevalence to the baseline prevalence is the simple
ratio of pave t0 praseiine. The baseline prevalence is estimated from the single prevalence
estimating equation where 1) is calculated with the b; values taken at their maximum
quasi-likelihood estimates.
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APPENDIX B: Data sets

This appendix summarizes the data used in this risk assessment.

The core microbiological data come from the FSIS “Market Hog Baseline” (August 2010
through August 2011) and the FSIS PR/HACCP Salmonella verification program
(August 2010 through December 2011). The baseline provides data for Salmonella
sampling at pre-evisceration and post-chill establishment locations. The verification
program only provides data at the post-chill location. The combined data set provided
matching numbers of inspection procedures done on the same days and in the same
establishments.

Data from 159 market hog slaughter establishments provided 3,846 baseline results for
Salmonella, with an additional 3,625 PR/HACCP post-chill results added to the
combined Sa/monella dataset. In the baseline data there were 1,925 samples taken pre-
evisceration and 1,921taken at post-chill. There are 2,790 positive Salmonella results out
of 7,471 total results.

Data from all five HIMP plants were used in the data set, and all five provided data for
the baseline study (each of these provided pre-evisceration and post-chill data; four
provided routine samples outside the baseline study). The “Total” column in Table B 1
shows there were 164 plants participating of which five were HIMP and the remainder
were not HIMP establishments. Routine verification samples were collected at Post-Chill
and statistical comparison showed no difference, so the Routine and Baseline Post-Chill
samples were combined when evaluated in the model (Table B 2).

Table B 1: Number of Establishments with Samples Collected

Establishment _Baseline PR-HACCP

Type Pre-Evis Post-Chill Routine Total
non-HIMP 142 143 16 159
HIMP 5 5 4 5
Total 147 148 20 164

Table B 2: Number of Salmonella Samples by Establishment Type
Establishment  Pre-Evis Post-Chill Routine Total

non-HIMP 1,638 1,634 3,412 6,684
HIMP 287 287 213 787
Total 1,925 1,921 3,625 7,471
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Table B 3 provides the numerator and denominator for a crude prevalence estimate from
the Baseline pre-evisceration and post-chill sampling and PR HACCP post-chill samples
as well as percent positive for Salmonella. In the risk model the post-chill from the
baseline and PR HACCP sampling were combined because there was not statistical
difference in the crude prevalence. It can be seen from this table that the HIMP
establishments’ small number of Salmonella positives from post-chill from both Baseline
and PR HACCP necessitated combining these samples in order to have 4 positives in the
HIMP post-chill group which is a bare minimum for statistical significance in the risk
model. Table B 4 represents the samples as combined in the risk model for comparison
with Table B 3. The percent positives are divided into pre-evisceration and post-chill for
HIMP and non-HIMP establishments based on totals are similar to those found in the
HIMP report.

Table B 3: Number of Salmonella Positive Samples Used in Model

Number of Samples
Establishment Type = Number of Samples Positive for Salmonella % Positive

Non-HIMP

Pre-Evisceration® 1,638 1,163 71.0
Post-Chill? 1,634 48 2.94
Routine® 3,412 97 2.84
Total 6,684 1,308 19.6
HIMP

Pre-Evisceration® 287 175 61.0
Post-Chill® 287 2 0.697
Routine® 213 2 0.939
Total 787 179 22.7
All

Pre-Evisceration® 1,925 1,338 69.5
Post-Chill? 1,921 50 2.60
Routine® 3,625 99 2.73
Total 7,471 1,487 19.9

*Samples from establishments in the market hog baseline
®Samples from establishments from PR/HACCP sampling
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Table B 4: Summary of Baseline and Routine Sampling Results by Establishment
Type

Number of  Number of Samples

Samples Positive for Salmonella % Positive
Non-HIMP Establishments
Pre-Evisceration 1,638 1,163 71.0
Post-Chill 5,046 145 2.87
Total 6,684 1,308 19.6
HIMP Establishments
Pre-Evisceration 287 175 61.0
Post-Chill 500 4 0.800
Total 787 179 22.7
All Establishments
Pre-Evisceration 1,925 1,338 69.5
Post-Chill 5,546 149 2.69
Total 7,471 1,487 19.9

Table B 5 includes the average ratios for Salmonella positives samples per establishment,
the average total number of annual samples per establishment, and the average
percentage Salmonella positive samples per establishment. These figures are similar to
those found in the HIMP report. Also, these are the aggregated sampling types from both
the Market Hog Baseline and the routine sampling from PR HACCP from HIMP and
non-HIMP establishments. Table B 6 represents the sample type breakdown for the
average aggregated positive ratios as used in the risk model per establishment, the
average number of samples per establishment, and the averaged crude percent positive
samples per establishment for pre-evisceration and post-chill samples in HIMP and non-
HIMP establishments. Table B 7 through Table B 11 describe more details of the data
sources and the alternate models.

Table B 12 provides ratios for sums of HIMP decision variables divided by non-HIMP
decision variable best indicate the upper limits for decision variables that are consistent
with their respective Pert distributions. However, the upper limit of the NR decision
variable is not well explained. Therefore, a wider upper limit was chosen.
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Table B 5: Summary of Total Sampling Results by Establishment Type as Used in
Model

Number of Number of Number of Samples

Establishments Samples Positive for Salmonella % Positive
Non-HIMP
Pre-Evisceration ? 142 11.54 8.19 71
Post-Chill 143 11.43 0.34 2.94
Routine® 16 213.25 6.06 2.84
HIMP
Pre-Evisceration ? 5 57.4 35 60.98
Post-Chill 5 57.4 0.8 0.14
Routine® 4 53.25 0.5 0.23

2Samples from establishments in the market hog baseline
®Samples from establishments from PR/ZHACCP sampling

Table B 6: Mean Annual Values for Combined Sampling Data by Establishment Type
as Used in Model

Plants  Samples Positives % Positive

Non-HIMP

Pre-Evisceration 142 11.54 8.19 71
Post-Chill 159 31.74 0.91 2.87
HIMP

Pre-Evisceration 5 57.4 35 60.98
Post-Chill 5 55.33 0.65 1.17

Abbreviations: HACCP, Hazard Analysis Critical Control Point; HIMP-based Inspection Models Project.

Table B 7: Allocation of Total Inspection Procedures by Decision Variable Inspection
Category Used in Model

SP SNP U NR W3NR SP+SNP+U+NR
Non-HIMP
Pre-Evisceration 34,324 2,749 15,535 1,501 840 54,109
Post-Chill 60,793 5,329 29,514 2,321 1,309 97,957
Total 95,117 8,078 45,049 3,822 2,149 152,066
HIMP
Pre-Evisceration 7,190 753 4,157 563 406 12,663
Post-Chill 13,103 1,237 7,388 792 566 22,520
Total 20,293 1,990 11,545 1,355 972 35,183

Total All Plants 115,410 10,068 56,594 5,177 3,121 187,249

Abbreviations: NR, Noncompliance Record; SNP, Scheduled Not Performed; SP, Scheduled and Performed; U,
Unscheduled.
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Table B 8: Non-HIMP Data Set from Market Hog Risk Assessment

Number of Procedures by Establishment Size

Scheduled, Performed Scheduled, Not Unscheduled Noncompliance
Performed Records

L S VS L S VS L S VS L S VS
Sum 3,168 13,772 68,157 1,459 6,580 41,043 16,940 26,244 108,296 2,611 1,231 3,939
Mean 158 255 226 73 127 153 847 495 357 124 23 14
Standard Deviation 117 46 64 56 56 67 702 255 186 88 22 16
CV% 73.9 18.0 68,157 76.2 439 43.8 83 51.5 52.1 71.0 93.1 119.7
N 20 53 302 20 52 268 20 53 303 21 53 288
Min 3 34 8 2 4 5 24 55 4 26 1 1
Max 352 474 459 192 244 251 2,099 1,340 1,424 300 92 145
10" Percentile 800 13,720 33,250 314 1,092 13,320 3,318 10,897 166 945 170 576
90'" Percentile 6,418 14,909 77,010 3,172 11,586 62,256 38,096 41,266 590 5,712 3,116 9,216
Median 128 256 254 54 141 162 11,240 24,963 4,967 91 17 9
Mode N/A 254 254 54 21 157 N/A N/A N/A 45 1,231 5
CL 0.01 (114) 148 120 2 55 -3 (53) 168 119 11 4) (7
CL 0.99 431 362 375 144 198 239 1,747 822 596 237 51 35

Abbreviations: CL, Confidence Level; L, Large; Min, Minimum; Max, Maximum; S, Small; VS, Very Small.
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Table B 9: Non-HIMP Data Set from All Market Hog Slaughter 2010

Large SP SNP u NR Small SP SNP u NR
sum 15,276 3,181 11,810 502 |sum 57,422 15,299 29,750 685
mean 4.82 1.00 3.73 0.16 |mean 4.32 1.15 2.24 0.05
stdev 3.97 0.82 1.83 0.51 |stdev 2.42 1.38 1.31 0.26
CV% 82.28 81.54 48.97 321.60 |CV% 56.06 119.44 58.64| 505.32
N 3,168 3,168 3,168 3,168 N 13,287 13,287 13,287 13,287
min q q (0 gmin q (0 (0 q
max 21 10| 19 Jmax 20 13 11 q
P_0.1 3 (o 3 gP_0.1 3 (0 (0 (o
P_0.9 12 1 q UP_0.9 7 3 3 Qg
median 3 1 3 (d median 3 1 3 (o
CL_0.1 (0.26) (0.05) 1.39 (0.49)jCL_0.1 1.22 -0.61 0.56 -0.28
CL_0.9 9.91 2.05 6.07 0.81|CL_0.9 7.43 2.91 3.92 0.39
mode 3 1 3 @ mode 3 1 3 Q
Very Small SP SNP U NR N-Weighted SP SNP U NR
sum 227,680 92,707 156,778 1,967 |sum 192,914.48 | 77,165.12 | 131,346.50| 1,710.27
mean 3.35 1.36 231 0.03 | mean 3.56 1.32 2.35 0.04
stdev 1.68 1.45 1.30 0.20 |stdev 1.94 1.42 1.33 0.23
CV% 50.08 106.64 56.51 691.78 |CV% 54.65 108.08 56.54| 614.45
N 67,971 67,971 67,971 67,971 [N 84,426 84,426 84,426 | 84,426
min (0 (0 (0 (0

max 13 13 13 8

P_0.1 2 (o (0 (0

P_0.9 q 3 3 g

median 3 1 3 (0

CL_0.1 1.20 -0.50 0.64] -0.23

CL_0.9 5.50 3.23 3.98 0.29

mode 3 1 3 q

Abbreviations: CL, confidence level, CV, correlation of variance; max, maximum; min, minimum; stdev, standard deviation.

Table B 10: HIMP Data Set from Market Hog Risk Assessment and All HIMP Data
from 2010

HIMP? HIMP2 HIMP2 HIMP? HIMP? HIMPP HIMPP HIMPP HIMPP HIMPP
Plant_Large SP SNP U NR Plant_Large SP SNP U NR
sum 20,293 1,990 11,545 1,355 |sum 237,289 17,973 132,751 14,730
mean 26 3 15 2 [mean 10 1 q 1
stdev 11 4 7 3 |stdev 4 1 2 1
CV% 43.4 143.5 49.4 174.2 |CV% 41.2 173.2 40.9 147.5
N 787 787 787 787 |IN 23,433 23,433 23,433 23,433
min 0 1 2 3 Imin [0 0 q 0
max 55 20 40 16 [max 21 16 18 5
Pctl0.1 9,129 0 4,722 0|P_0.1 117,165 0 70,299 [0
Pctl0.9 33,054 6,296 18,888 3,935 |P_0.9 351,495 46,866 187,464 46,866
median 25 0 14 0 |median 11 0 5 [0
mode 24 0 12 0 [mode 11 [0 5 0
CL 0.1 11 (2) 5 (2)|CL_0.1 4.78 -0.94 2.72 -0.56
CL_0.9 40 7 24 6|CL_0.9 15.47, 2.47 8.61 1.82

2 HIMP Data Set from Risk Assessment.
®HIMP Data Set from All Procedures Performed in 2010.
Abbreviations: CL, confidence level, CV, correlation of variance; max, maximum; min, minimum; stdev, standard deviation.
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Table B 11: non-HIMP Data Set from Market Hog Risk Assessment and All non-

HIMP Data from 2010

non-HIMP | non-HIMP | non-HIMP | non-HIMP | non-HIMP | non-HIMP non-HIMP non-HIMP | non-HIMP |non-HIMP|
Large SP SNP U NR Small SP SNP U NR
sum 15,276 3,181 11,810 502 |sum 57,422 15,299 29,750 685
mean 4.82 1.00 3.73 0.16 |mean 4.32 1.15 2.24 0.05
stdev 3.97 0.82 1.83 0.51 |stdev 2.42 1.38 1.31 0.26
CV% 82.28 81.54 48.97 321.60 |CV% 56.06 119.44 58.64 505.32
N 3,168 3,168 3,168 3,168 |N 13,287 13,287 13,287 13,287
min 0 0 0) O] min 0 0 0 0
max 21 10 19 5|max 20 13 11 6
P_0.1 3 0 3 0jpP_0.1 3 0| 0 0
P_0.9 12 1 6 1|P_0.9 7 3 3 0
median 3 1 3 0l median 3 1 3 0
CL 0.1 (0.26) (0.05) 1.39 (0.49)]CL_0.1 1.22 -0.61 0.56 -0.28
CL 0.9 5.91 2.05 6.07 0.81 |CL 0.9 7.43 2.91 3.92 0.39
mode 3 1 3 Ol mode 3 1 3 0
Very Small SP SNP U NR N-Weighted SP SNP U NR
sum 227,680 92,707 156,778 1,967 |sum 192,914.48 | 77,165.12 | 131,346.50 | 1,710.27
mean 3.35 1.36 2.31 0.03 |mean 3.56 1.32 2.35 0.04
stdev 1.68 1.45 1.30 0.20 |stdev 1.94 1.42 133 0.23
CV% 50.08 106.64 56.51 691.78 |CV% 54.65 108.08 56.54 614.45
N 67,971 67,971 67,971 67,971 [N 84,426 84,426 84,426 84,426
min 0) 0 0) 0

max 13 13 13 8

P 0.1 2 0 0] 0

P_0.9 6 3 3 0

median 3 1 3 0

CL 0.1 1.20 -0.50 0.64] -0.23

CL 0.9 5.50 3.23 3.98 0.29

mode 3 1 3 0

Table B 12: Compare Ratios of N-Weighted HIMP Statistics with N-Weighted non-
HIMP Statistics

91

HIMP HIMP HIMP HIMP HIMP non-HIMP non-HIMP non-HIMP | non-HIMP non-HIMP
Plant_Large SP SNP U NR Plants_Combo SP SNP U NR
Sum 257,582 3,783 144,296 16,085 Jsum 192,914 77,165 131,347 1,710
mean 10.52 1.065] 6.29 1.03|mean 3.56 1.32 2.35 0.04
stdev 4.41] 3.34 6.04] 1.12]stdev 1.94 1.42 1.33 0.23
CV% 41.88] 313.72 95.91] 108.71)CV% 54.65 108.08 56.54 614.45
N 24,220 24,220 24,220 24,220 [N 84,426 84,426 84,426 84,426
Ratio SP SNP U NR

Sum 1.34 0.05 1.10 9.40

mean 2.96 0.81 2.68 27.64

stdev 2.27 2.35 4.54 4.89

CV% 0.77 2.90 1.70 0.18

N 0.29 0.29 0.29 0.29
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APPENDIX C: Model Selection

Linear Model Predictability

Because multiple variables were identified as possible contributors to the logistic
regression model, the SAS stepwise, forward, and backward selection procedures in Proc
logistic were used to include structural variables in the model data set. This method
proved adequate for identifying structural variables to include in the model and each of
the approaches (stepwise, forward, and backward) produced equivalent results for the
dataset. Structural variables to evaluate for model inclusion include season, establishment
size, establishment location, sample location in establishment, establishment district,
number carcasses restricted, number carcasses condemned, number of inspectors, and
HIMP or non-HIMP establishment. The model selection was based on standard statistics:
AIC; R-squared (Nagelkerke corrected); Hosmer-Lemeshow test; AUC (area under the
curve) as the c coefficient; and the validation statistic. Collinearity analysis along with
residual and leverage plots were also used to evaluate variables for model inclusion. Each
of these statistics was captured from the SAS Proc logistic output. The best model is
identified by the smallest AIC, the largest R-squared, a p-value for the Hosmer-
Lemeshow Chi-square test greater than 0.05, a significant ¢ coefficient representing the
area under the ROC curve, negligible collinearity, minimal leverages, explained outliers,
and a stable validation statistic consistent with number of variables in the model.

Regression Diagnostics

Table C 1 shows the initial variable dataset parameters before beginning stepwise
regression. Stepwise procedure results are found by adding the most significant variables
one at a time with the option of deleting variables that may become insignificant (p <
0.05 to include, or p > 0.05 to remove from the regression). The same order of variable
entry was found for forward selection, and the same reversed order was found for
backward deletion of variables in the model as shown in Table C 2.
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Table C 1: Stage 1 Initial Parameter Selection Summary (n=7471 p=23-1)

Standard Standardized
Parameter Reference Estimate Error Wald Chi-Sq Pr > ChiSq Estimate
Intercept -0.7464 0.2268 10.8328 0.001
HIMP 1 -0.6506 0.2133 9.3065 0.0023 -0.5457
HIMP*COLL 1 0.3088 0.1114 7.6917 0.0055 0.3468
logNbrEmp*C -1 -0.8824 0.0863 104.4547 <.0001 -1.7606
OLL
COLL -1 -1.4670 0.1488 97.1547 <.0001 -1.6018
Fall Winter -0.1292 0.0566 5.2087 0.0225 -0.1017
Spring Winter 0.0641 0.0573 1.2504 0.2635 0.0501
Summer Winter -0.0464 0.0520 0.7949 0.3726 -0.0399
MidWest West -0.3475 0.1177 8.7181 0.0032 -0.2648
NorthEast West -0.4741 0.1632 8.4453 0.0037 -0.2248
South West 0.2456 0.1175 4.3722 0.0365 0.152
Districtl District5 -0.5604 0.1246 20.2312 <.0001 -0.2846
District2 District5 -0.4199 0.1008 17.3414 <.0001 -0.2685
District3 District5 0.1313 0.0956 1.8864 0.1696 0.0747
District4 District5 0.6393 0.1393 21.0612 <.0001 0.3398
lognbrpass -0.2468 0.0997 6.1259 0.0133 -0.3609
logsuspect 0.6225 0.1510 17.0032 <.0001 1.394
logpmcond -0.2300 0.0788 8.5121 0.0035 -0.166
lognbrrestrict -0.4069 0.1821 4.9939 0.0254 -0.7481
SP*COLL -1 -0.0068 0.0035 3.8437 0.0499 -0.1845
SNP*COLL -1 0.0170 0.0103 2.7093 0.0998 0.0663
U*COLL -1 -0.0125 0.0059 4.5570 0.0328 -0.1706
NR*COLL -1 0.0916 0.0152 36.0892 <.0001 0

Abbreviations: Coll, Collection Variable; HACCP, Hazard Analysis and Critical Control Point; HIMP-based
Inspection Models Project; NbrEmp, Number of Employees; NR, Noncompliance Record; SNP, Scheduled Not
Performed; SP, Scheduled and Performed; U, Unscheduled. Standardized estimates are all measured in unitless
scale. All variables have zero mean and unit variance.
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Table C 2: Stepwise Stage 1 Parameter Statistics

Summary of Stepwise Selection Summary of Joint Tests
Residual Tests Joint Test Results
Effect R Sq D  Global Pr> Resid. Pr > Pr>
Step Entered Max AIC F_ Chi-Sq  ChiSq DF  Chi-Sq ChiSq DF  ChiSq ChiSq
1 COLL 0.94 17415.71 1 8961.15 <.0001 18 1523.08 <.0001 1 246.09 <.0001
2 Region 0.95 16660.27 4 8385.77  <.0001 14 927.14 <.0001 3 296.74 <.0001
3 logNbrEmp*C  0.95 16250.54 5 7822.82  <.0001 13 508.09 <.0001 1 239.43 <.0001
4 I?I%{I’;COLL 0.95 16114.83 6 7869.12  <.0001 12 363.59 <.0001 1 104.85 <.0001
5 District 0.95 16026.17 10 7827.20 <.0001 8 262.81 <.0001 4 99.18 <.0001
6 HIMP 0.95 15853.21 11 7803.36  <.0001 7 88.19 <.0001 1 27.82 <.0001
7 SP*COLL 0.95 15831.30 12 781634 <.0001 6 65.12 <.0001 1 12.48 0.0004
8 Season 0.95 15817.51 15 7809.26  <.0001 3 45.43 <.0001 3 22.09 <.0001
9 HIMP*COLL  0.95 15793.58 16 7808.73  <.0001 2 16.26 <.0001 1 8.33 0.004
10 U*COLL 0.95 15785.65 17 7810.08 <.0001 1 6.44 0.01 1 8.79 0.003
11 SNP*COLL 0.95 15781.34 18 7802.57 <.0001 - - - 1 9.88 0.002

Abbreviations: Coll, Collection Variable; HACCP, Hazard Analysis Critical Control Point; HIMP-based Inspection Models Project; NbrEmp, Number of
Employees; NR, Noncompliance Record; SNP, Scheduled Not Performed; SP, Scheduled and Performed; U, Unscheduled.
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Table C 1 also shows the increase in R-Square, the decrease in Akaike Information
Criterion (AIC), the significance of each variable’s addition to the global model, and
the significance of the residual variance with each additional variable.

The final model chosen is a crossover or interaction model that excludes some main
effects shared with the Coll dummy variable (sample collection location, pre-evisceration
vs. post-chill) and the decision variables and the log number of inspectors. This was
decided on the basis of which model was the better predictor at post-chill and also had the
best fit to the logistic distribution. In order to use this model, comparison analyses with
the models including all main effects (main effects1) and main effects with all dummy
variable interactions (main effects2) were done. The comparison analysis showed that
there was no advantage in using the full main effects model because the predictability for
post-chill was slightly better using the crossover model (VanderWele, 2014).

Table C 3 shows the final parameter selection and significance levels. All variables not
meeting the selection probabilities to stay in the model were deleted.

The level of stringency for the final parameter selection was justified according to the
collinearity analysis in the next section and the graphical residual and leverage analysis.

Figure C 1 plots the differences (model 1 — model 2) in standardized (Pearson) residuals
for model 1 and 2 (as in Table C 1, also p. 22) and model 2 (the final model as in Table C
3, also p. 18). The symbols plotted show a number of residual differences of model 1
from 2. This plot indicates that model 1 tends to have more outliers compared to model 2.

In Figure C 2 the Hat matrix diagonal elements (leverage) differences are compared.
There are some leverage differences exceeding 0.005 which also indicate model 1 gives
more variable results due to leverage points exceeding those of model 2.

Figure C 3 shows the differences between the models in the DF Beta statistics plotted
against their sample day numbers. This statistic measures the effect of each data point on
the value of the respective regression coefficient. The differences in the SP, SNP, U, NR,
and HIMP regression coefficients are examined. Only the model differences between the
HIMP and SP beta estimates are large enough for concern. This means that model 1 data
for the HIMP variable tends to add bias to these model 1 regression coefficients.
Therefore model 2 is preferred, but should be carefully evaluated for collinearity.
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Table C 3: Final Stage 1 Parameter Statistics for Interaction (Crossover) Model (n=7471 p=19-1)

Wald Chi-
Parameter p Estimate B Error Square p-value  Std est Mean X
Intercept -1.6492 0.0933 312.4038 <.0001 1
HIMP vs non-HIMP 0.2916 0.0859 11.5186 0.0007 0.2446  0.7893
HIMP*Coll 0.202 0.1088 3.4502 0.0632 0.2269  0.4277
logNbrEmp*Coll -0.818 0.0822 99.1233 <.0001 -1.6319 0.5182
Post-Chill vs Pre-Evis (Coll)  -1.47 0.1456 101.8778 <.0001 -1.6051 0.4847
Fall vs Winter -0.1368 0.0566 5.8374 0.0157 -0.1077 0.0046
Spring vs Winter 0.0671 0.0575 1.3641 0.2428 0.0525 -0.0023
Summer vs Winter -0.046 0.0522 0.7781 0.3777 -0.0396 0.0945
MidWest vs West -0.5738 0.1062 29.2146 <.0001 -0.4373 0.4086
NorthEast vs West -0.5713 0.1565 13.3195 0.0003 -0.2708 0.0207
South vs West 0.4543 0.1066 18.1709 <.0001 0.2811 0.0941
District] vs District5 -0.3037 0.1188 6.532 0.0106 -0.1542 0.1241
District2 vs District5 -0.364 0.1004 13.1539 0.0003 -0.2327 0.2463
District3 vs District5 0.1106 0.0833 1.763 0.1842 0.0629  0.1857
District4 vs District5 0.6176 0.1346 21.0471 <.0001 0.3282  0.2004
SP*Coll -0.0079 0.0035 5.1672 0.023 -0.2131 4.3344
SNP*Coll 0.0286 0.0102 4.0913 0.0431 0.0809 0.4101
U*Coll -0.011 0.0057 3.6384 0.0565 -0.1491 1.4386
NC*Coll 0.0978 0.0148 43.405 <.0001 0.2676  0.1404

Abbreviations: Coll, Collection Variable; HACCP, Hazard Analysis and Critical Control Point; HIMP-based Inspection Models Project; NbrEmp, Number of
Employees; NR, Noncompliance Record; SNP, Scheduled Not Performed; SP, Scheduled and Performed; U, Unscheduled.
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Difference in Model 1 and 2 Residuals
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Figure C 1: Comparison of Residuals from Models 1 and 2

Difference in Model 1 and 2 Leverage

0.014
0.012
0.010
0.008
0.006
0.004
0.002
0.000
-0.002
-0.004
-0.006

[ B

Leverage Difference

Sample Day

Figure C 2: Comparison of Leverage Statistics from Models 1 and 2
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Figure C 3: Differences in DF Beta Statistics for Models 1 and 2
Abbreviations: HACCP, Hazard Analysis and Critical Control Point; HIMP-based Inspection Models Project; NC,
Noncompliance Record; SNP, Scheduled Not Performed; SP, Scheduled and Performed; U, Unscheduled.

Unconditional maximum likelihood estimates are used because the total sample size in
the data structure is sufficiently large. A conditional analysis was assessed, but offered no
advantage. The conditional analysis shows an advantage when the total sample size is
small (in the hundreds or less). The expected requirements for a valid unconditional
maximum likelihood analysis are met for the Sa/monella dataset.

Multiple Collinearity Analysis

Multiple collinearity in the full model (model 1 as in the previous section) and non-HIMP
post-chill submodel were evaluated using the collinearity diagnostics in SAS Proc Reg.
The weighting variable was used with the complete dataset of 7,474 observations in four
submodels and the subset of 5,046 observations in only the non-HIMP post-chill
submodel. The variance inflation factors and tolerances were evaluated for unacceptable
deviations. Table C 4 shows full model tolerances range from 0.06263 to 0.7525 and the
square root of the variance inflation factors do not exceed 2.5 for the decision variables
and do not exceed 4.0 for structural variables. The variables affected with moderate
collinearity are the collection site and the log number of employees and not the HIMP
variable. Certain leeway for structural variables is allowed if this is not carried into the
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decision variables. But, from the graphical analysis the SP decision variable is likely
affected.

Table C 5 provides evidence for excluding the carcasses Restricted, Post-Mortem
Condemnations, Suspects, and Carcasses Passed variables as a group from model 1. The
square root variance inflation factors exceed five in two of these variables. However,
when retaining the Restricted and Condemned variables in the model, they do not reach
significance for model inclusion like the HACCP Size variable. Model 2 is used as the
preferred model for stage 1.

Because the submodel is concerned with the results of most interest, collinearity in the
submodel is problematic. However, there is no indication of collinearity in the submodel.
All the tolerances range from 0.25 to 0.89 and the squared variance inflation factors are
all less than 2.0 with a largest squared variance inflation factor of 1.7. Therefore, there is
no important multicollinearity that may interfere with model results interpretation.
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Table C 4: Collinearity Diagnostics: Regression Variable Tolerances and Variance Inflation Factors?

Model 2 — All Sub-Models (164 Plants non-HIMP Post Chill (159 Plants; 5,046 samples)
7,471 samples)

Variable Beta Tolerance VIF sqrt(VIF) Beta Tolerance VIF sqrt(VIF)
Intercept 0.3575 . 0 0 0.0607 - 0 0
HIMP 0.0334 0.7525 1.3289 1.1528 0.0000 . 0 0
HIMPCOLL -0.0146 0.1421 7.0362 2.6526 0.0000 . 0 0
COLLlognbremp -0.0158 0.0626 15.9659 3.9957 -0.0326 0.4235 2.3616 1.5367
COLL -0.3064 0.0667 15.0041 3.8735 0.0000 . 0 0

Fall -0.0114 0.6648 1.5041 1.2264 0.0008 0.6618 1.5111 1.2292
Spring 0.0023 0.6649 1.5039 1.2263 0.0015 0.6686 1.4957 1.2230
Summer -0.0010 0.6989 1.4308 1.1961 -0.0015 0.7031 1.4223 1.1926
MidWest -0.0281 0.2430 4.1159 2.0288 -0.0058 0.2507 3.9895 1.9974
NorthEast -0.0353 0.2904 3.4431 1.8556 -0.0308 0.3185 3.1403 1.7721
South 0.0328 0.3682 2.7161 1.6481 0.0165 0.3690 2.7103 1.6463
Districtl -0.0223 0.3464 2.8871 1.6991 -0.0105 0.3008 3.3248 1.8234
District2 -0.0119 0.3733 2.6789 1.6367 -0.0074 0.3692 2.7084 1.6457
District3 0.0135 0.6913 1.4465 1.2027 -0.0024 0.6843 1.4614 1.2089
District4 0.0441 0.3166 3.1583 1.7772 0.0105 0.3173 3.1513 1.7752
COLLSP -0.0008 0.1580 6.3302 2.5160 0.0005 0.3431 2.9144 1.7072
COLLSNP 0.0002 0.7501 1.3331 1.1546 -0.0002 0.8985 1.1129 1.0550
COLLU -0.0013 0.2124 4.7091 2.1701 0.0011 0.3953 2.5298 1.5905
COLLNR 0.0089 0.7227 1.3837 1.1763 -0.0002 0.7769 1.2873 1.1346

 Diagnostics evaluated using Proc Reg.
Abbreviations: Coll, Collection Variable; HACCP, Hazard Analysis Critical Control Point; HIMP-based Inspection Models Project; NbrEmp, Number of
Employees; NR, Noncompliance Record; SNP, Scheduled Not Performed; SP, Scheduled and Performed; U, Unscheduled.
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Table C S: Collinearity Diagnostics: Regression Variable Tolerances and Variance
Inflation Factors Model 1: non-HIMP Post Chill (164 Plants, 5,046 samples)?

Variable Beta Tolerance VIF sqrt(VIF)
Intercept 0.3984 - 0 -
HIMP -0.0663 0.05468 18.2884 4.2765
HIMPCOLL -0.0076 0.13861 7.2143 2.6859
COLLlognbremp -0.0430 0.05392 18.5448 4.3064
COLL -0.2619 0.05614 17.8137 4.2206
Fall -0.0090 0.65897 1.5175 1.2319
Spring 0.0015 0.65966 1.5159 1.2312
Summer -0.0008 0.69812 1.4324 1.1968
MidWest -0.0232 0.2079 4.8099 2.1932
NorthEast -0.0172 0.27664 3.6148 1.9013
South 0.0035 0.26447 3.7812 1.9445
Districtl -0.0421 0.31414 3.1833 1.7842
District2 -0.0254 0.36151 2.7662 1.6632
District3 0.0188 0.47264 2.1158 1.4546
District4 0.0364 0.3133 3.1918 1.7866
logpmcond 0.0086 0.06602 15.1479 3.8920
lognbrpass 0.0730 0.01623 61.6078 7.8491
lognbrrestrict -0.0118 0.38134 2.6223 1.6194
logsuspect -0.0579 0.01569 63.7320 7.9832
COLLSP -0.0006 0.15757 6.3464 2.5192
COLLSNP -0.0004 0.74735 1.3381 1.1567
COLLU -0.0011 0.21134 4.7317 2.1752
COLLNR 0.0092 0.72039 1.3881 1.1782

2 Diagnostics evaluated using Proc Reg.

Abbreviations: Coll, Collection Variable; HACCP, Hazard Analysis and Critical Control Point; HIMP-based
Inspection Models Project; NbrEmp, Number of Employees; NR, Noncompliance Record; SNP, Scheduled Not
Performed; SP, Scheduled and Performed; U, Unscheduled.
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APPENDIX D: Inspection Procedure Decision Variables

There are six general ISP code activity categories captured in the FSIS database (Table D
1). Sums of daily scheduled and unscheduled procedures performed, as well as
unperformed procedures and noncompliance reports, were collected for individual
establishments and were matched with same-day positive and negative Salmonella
results.

The ISP codes from the FSIS database were tabulated daily for all scheduled procedures,
unscheduled procedures, uncompleted procedures, non-compliances, and total procedures
performed for each establishment. Scheduled procedures are assigned to each
establishment’s shift according to a systematic process by an automated Performance-
Based Inspection System. Unscheduled procedures are performed according to in-
establishment inspector availability that goes beyond the time allocated for performing
scheduled procedures; they typically involve regulatory inspection activities such as fecal
checks for zero-tolerance beyond the requirement of twice per line per shift or other
procedures not regularly scheduled or performed. Unscheduled procedures also are
performed in response to unforeseen hazards, such as metal or plastic in product which
are identified during operations and were not previously seen at this stage in operations,
or unsanitary conditions arising from Sanitation Standard Operating Procedures
(Sanitation SOP) failures, and PR/HACCP corrective actions.

Among the six general inspection system procedure activities, 47 specific ISP codes
were used. The complete listing is in the main body of the report under the “Data
Sources and Structure” section of the Methods Stage 1 section (Table 5). These included
five Sanitation (01) codes, 17 PR/HACCP (03) codes, 11 Wholesomeness/Economic
Consumer Protection (04) codes, six Sampling (05) codes, four Other Inspection
Requirements (06) codes and four Emergency Activity (08) codes (Table 5). Ultimately,
these specific codes were designated in the database as scheduled and performed (SP),
scheduled and not performed (SNP), unscheduled (U) and noncompliance (NR). The
inspection procedures used in the model are shown in Table D 1. The code sum variable
denotes the summed procedure elements on each sample day while the detail sum
variable gives specific details of each inspection procedure element included in the daily
sums.
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Table D 1: Inspection System Procedure Codes and General Inspection Categories
Employed in the Risk Model

Inspection System

Number  Procedure Code  Category

1 01A01 01 Sanitation
2 01B01 01 Sanitation
3 01B02 01 Sanitation
4 01CO01 01 Sanitation
5 01C02 01 Sanitation
6 03A01 03 HACCP
7 03B01 03 HACCP

8 03B02 03 HACCP
9 03C01 03 HACCP
10 03C02 03 HACCP
11 03E01 03 HACCP
12 03E02 03 HACCP
13 03F01 03 HACCP
14 03F02 03 HACCP
15 03G01 03 HACCP
16 03G02 03 HACCP
17 03HO1 03 HACCP
18 03H02 03 HACCP
19 03101 03 HACCP
20 03102 03 HACCP
21 03J01 03 HACCP
22 03J02 03 HACCP
23 04A01 04 W/ECP
24 04A02 04 W/ECP
25 04A03 04 W/ECP
26 04A04 04 W/ECP
27 04B01 04 W/ECP
28 04B02 04 W/ECP
29 04B03 04 W/ECP
30 04B04 04 W/ECP
31 04C02 04 W/ECP
32 04C03 04 W/ECP
33 04C04 04 W/ECP
34 05A01 05 Sampling
35 05A02 05 Sampling
36 05C01 05 Sampling
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Inspection System
Number  Procedure Code Category

37 06A01 06 Sanitation Standards
38 06B01 06 Sanitation Standards
39 06DO01 06 Sanitation Standards
40 06D02 06 Sanitation Standards
41 08S14 08 Food Defense
42 08S15 08 Food Defense
43 08S16 08 Food Defense
44 08S17 08 Food Defense

Abbreviations: HACCP, Hazard Analysis Critical Control Points; W/ECP = Wholesomeness/Economic Consumer
Protection

The total activity for each of these four categories was calculated as the sum across all
codes for that category. The categories are repetitive such that all are the same except for
unscheduled procedure which include the extra food defense (08) elements. The four
categories are sub-categorized with the common name for the procedure followed in
parentheses by the procedure element code:

SP = scheduled and performed procedures for sanitation(01), HACCP(03),
wholesomeness/economic consumer protection(04), sampling(05), other inspection

requirements(06), sanitation performance standards (06D01), raw ground (03B), raw not
ground (03C), fecal check (03J), economic hog kill (04C04)

SNP = scheduled not performed procedures for sanitation(01), HACCP (03),
wholesomeness/economic consumer protection(04), sampling (05), other inspection

requirements (06), sanitation performance standards(06D01), raw ground (03B), raw not
ground (03C), fecal check(03J), economic hog kill (04C04)

U = unscheduled procedures performed for sanitation(01), HACCP(03),
wholesomeness/economic consumer protection(04), sampling(05), other inspection

requirements(06), sanitation performance standards(06D01), raw ground(03B), raw not
ground(03C), fecal check (03J), economic hog kill (04C04), food defense (08)

NR = noncompliance record procedures for sanitation(01), HACCP(03),
wholesomeness/economic consumer protection(04), sampling(05), other inspection
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requirements(06), sanitation performance standards(06D01), raw ground(03B), raw not
ground(03C), fecal check(03J), economic hog kill(04C04).

W3NR = noncompliance record procedures for sanitation plan currency (01A01),
sanitation (01B01, 01B02, 01CO01, 01C02), and HACCP (03A01, 03J01, 03J02).
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APPENDIX E: Structural Variables

A minimal set of structural variables were found to contribute most to reducing the model
deviance, controlling confounding, and providing the best overall model fit to the data as
assessed by the Hosmer-Lemeshow test for model conformance to the logistic
distribution. Structural variables were selected using stepwise regression in the SAS
logistic procedure with the probability to enter the model taken as 0.05. Fourteen
structural variables were tested and several eliminated providing the best model' (i.e.,
the inclusion of these structural variables significantly reduces the model deviance).
These structural variables tested are:

1. The categorical collection variable distinguishes between two locations of sample
collection (one column in data matrix):
a. Market hog baseline pre-evisceration
b. Market hog baseline and PR/HACCP post-chill (Salmonella positives not
significantly different)
2. The categorical season (time of year) variable distinguishes four seasons (three
columns in data matrix):
a. Spring
b. Summer
c. Fall
d. Winter
3. The categorical regions variable distinguishes four regions of the United States
(three columns in data matrix):
a. North-East
b. North-West
c. South

d. West
4. The categorical district variable contains ten FSIS districts grouped in pairs to

make five groups (four columns in data matrix):
a. District Group 1

District Group 2

District Group 3

District Group 4

District Group 5

o a0 o
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5. The continuous variable for the number of establishment inspectors? (one column
in data matrix),
6. The categorical HACCP Inspection Models Project (HIMP) variable (one column
in data matrix):
a. HIMP establishment
b. Non-HIMP establishment
7. The categorical HACCP size for three sizes of establishments (two columns in
data matrix):
a. Large establishment
b. Small establishment
c. Very Small establishment
8. The continuous variable for the number of carcasses restricted per establishment
as a daily total (one column in data matrix)
9. The continuous variable for the number of daily post mortem condemnations per
establishment (one column in data matrix)
10. The continuous variable for the number of daily suspects per establishment (one
column in data matrix)
11. The continuous variable for the number of carcasses passed per establishment as a
daily total (one column in data matrix)
12. The continuous variable for the number of scheduled and performed (SP)
procedures per establishment as a daily total (one column in data matrix)
13. The continuous variable for the number of scheduled and not performed (SNP)
procedures per establishment as a daily total (one column in data matrix)
14. The continuous variable for the number of unscheduled (U) procedures per
establishment as a daily total (one column in data matrix)
15. The continuous variable for the number of noncompliance records (NR)
procedures per establishment as a daily total (one column in data matrix)

Therefore, the total of variable columns in the data matrix is 23 (p=22), three of which
are always decision variables, one of which is treated as either a decision or structural
variable (NR) depending on the scenario, and 14 of which are always structural control
variables.

(Please note that variables 7, 8, 9, 10, and 11 do not appear in the final model because
they were eliminated due to not meeting significance criteria (variable 7) or did not
warrant inclusion due to outliers contributing to excess leverage and collinearity and
were excluded to improve model efficiency).
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Final Model
Table E 1 lists the estimated regression coefficients, standard errors, the means, and the

standard deviations for all decision and structural variables in the market hog slaughter
model. All coefficients have significant contributions according to a 0.05 significance
assumption and were retained in the final model. The same set of variables was retained
in the split data sets and the data set where the W3NR variable replaces the NR variable
for consistency.

The model showed that the coefficients for all decision variables were significant,
indicating a non-negligible risk contribution. The signs for SP and U coefficients were
negative, suggesting that increasing these procedures (while holding other variables
constant) would decrease the prevalence of Salmonella. The coefficient for SNP and NR
as well as W3NR were positive, indicating decreasing the amount of scheduled not
performed procedures decreases Salmonella prevalence as expected.

The baseline prevalence predictions from the model and split data models are derived by
setting all independent variable to their respective means. Comparing these predictions to
unweighted prevalence values from the data suggests that the model reasonably reflects
the empiric evidence. Table E 2 and Table E 3 provide the submodel estimates of
Salmonella percent positive rates over the two year sampling frame and provides
comparison with the crude rates. For example, the hog-Salmonella model predicts a post-
chill prevalence in non-HIMP establishments to be 0.0201 versus a crude average of
0.0287 from the raw data (Table E 2). Differences between predicted and raw values
generally reflect the additional weighting for other structural factors (e.g., temporal
factors, spatial factors, HIMP participation, etc.) included in the predicted values (but not
included in the simple weighting of the raw data prevalence levels).

The weighting scheme does not seem to unduly bias the percent positive estimates (in
plant prevalence for this sample of establishments) because the crude (unweighted)
percent positive values are reasonably close to the model estimates as evidenced by the
standard errors of the crude estimates. It also must be realized that the percent positive
estimates from the crude data or the model are not necessarily equivalent to FSIS baseline
values and are unique only to this sample of establishments.
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Table E 1: Analysis of Maximum Likelihood Estimates?

Wald Chi- Standard
Parameter DF B Estimate B Error Square Pr> ChiSq Estimate
Intercept 1 -1.1965 0.1096 119.0777 <.0001
HIMP 1 0.5930 0.1014 34.2209 <.0001 349.20
HIMP*COLL 1 0.2617 0.1149 5.1877 0.0227 195.50
logNbrEmp*C 1 -0.7630 0.1450 27.6963 <.0001 -1192.40
OLL
COLL 1 -1.5591 0.2715 32.9863 <.0001 -1150.20
Fall 1 -0.2080 0.0543 14.6912 0.0001 -106.90
Spring 1 0.0465 0.0569 0.6657 0.4145 23.25
Summer 1 -0.1081 0.0510 4.4908 0.0341 -60.59
MidWest 1 -1.2001 0.1561 59.0845 <.0001 -451.10
NorthEast 1 0.3288 0.2405 1.8693 0.1716 55.58
South 1 -0.2463 0.1703 2.0910 0.1482 -82.11
Districtl 1 -0.2542 0.1417 3.2174 0.0729 -64.56
District2 1 -0.6771 0.1234 30.1016 <.0001 -276.70
District3 1 0.1470 0.1110 1.7543 0.1853 50.62
District4 1 0.4075 0.1681 5.8766 0.0153 124.70
S*COLL 1 -0.0143 0.0029 23.8850 <.0001 -303.10
SNP*COLL 1 0.0286 0.0087 10.7760 0.001 86.64
U*COLL 1 -0.0125 0.0050 6.3021 0.0121 -132.00
NR*COLL 1 0.0850 0.0121 49.0231 <.0001 197.70

?Parameters Used in Stage 1 Regression Model, n=7471 p=19-1.

Abbreviations: Coll, Collection Variable; HACCP, Hazard Analysis and Critical Control Point; HIMP-based Inspection Models Project; NbrEmp, Number of
Employees; NR, Noncompliance Record; SNP, Scheduled Not Performed; SP, Scheduled and Performed; U, Unscheduled. All variables are standardized
to a unit scale
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Table E 2: Estimates of BX Vector * by the Submodel Vectors using X Means for Non-HIMP Establishments

Parameters Beta Prev X Post X Post X' Post X" |Prev BX Post BX |(Post BX' | Post BX"
Intercept -1.6490 1 1 1 1 -1.6490 -1.6490| -1.6490 -1.6490
HIMP 0.2920 1 1 1 1 0.2920 0.2920 0.2920 0.2920
HIMP*Coll 0.2020 -1 1 1 1 -0.2020 0.2020 0.2020 0.2020
logNbrEmp*Coll -0.8180] -1.7362 1.2666 1.7618 1.8410 1.4202 -1.0361 -1.4412 -1.5059
Coll -1.4700 -1 1 1 1 1.4700 -1.47000 -1.4700 -1.4700
Fall -0.1370]  -0.0330 0.0099 -0.0193] -0.0193 0.0045 -0.0014 0.0026 0.0026
Spring 0.0670| -0.0403 0.0065 -0.0163| -00163| -0.0027 0.0004| -0.0011 -0.0011
Summer -0.0460 0.0427 0.1084 0.124 0.1240{ -0.0020 -0.0050] -0.0057 -0.00587
MidWest -0.5740 0.6294 03512 0.7395 0.7395] -0.3613 -02016| -0.4245 -0.4245
NorthEast -0.57101 -0.0079 0.0398 -0.0339)  -0.0339 0.0045 -0.0227 0.0194 0.0194
South 0.4540 0.1954 01136 0.1451 0.1451 0.0887 0.0516 0.0659 0.0659
District] -0.3040 0.0702 0.0969 0.0622 00622 -0.0213 -0.0295) -0.0189 -0.0189
Diistrict2 -0.3640 0.3803 02170 04386 04386 -0.1384 -0.0790] -0.1597 -0.1597
Diistrict3 01110 0.1972 0.1742 02176 0.2176 0.0219 0.0193 0.0242 0.0242
District4 0.6180 0.1355 02216 0.0755 0.0755 0.0838 0.1369 0.0467 0.0467
SP*Coll -0.0080| -209548 12.0478 19.2567| 24 4980 0.1676 -0.0964| -0.1541 -0.0653
SNP*Coll 0.0210{ -1.6783 1.0561 1.3223 2.0310{ -0.0352 0.0222 0.0278 0.0142
U*Coll -0.0110] -94841 5.8490 88717 31484 0.1043 -0.0643]  -0.0976 -0.0462
NER*Call 0.0980| -09164 04600 08605 1.0376| -0.0898 0.0451 0.0843 0.0339
BX Sum 1.1558 -3 8854 -4.6569 -4 6455
Pos% Model 0.7606 0.0201 0.0094 0.0095
Pos% Crude 0.7100 0.0287 0.0189 -

StdDev Crude 0.4539 0.1671 0.1361 -

N 1,638 5.046 2.330 22631

Abbreviations: Coll, Collection Variable; HACCP, Hazard Analysis and Critical Control Point; HIMP-based Inspection Models Project; NbrEmp, Number of
Employees; NR, Noncompliance Record; SNP, Scheduled Not Performed; SP, Scheduled and Performed; U, Unscheduled; all variables are unit-standardized.
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Model HIMP HIMP HIMP HIMP Total

Parameters Beta Prev X Post X Prev BX Post BX |Average
Intercept -1.6490 1 | -1.6490 -1.6490
HIMP 0.2920 -1 -1 -0.2920 -0.2920
HIMP*Coll 0.2020 1 -1 0.2020 -0.2020
logNbrEmp*Coll -0.8180 -1.6373 1.5881 1.3393 -1.2990
Coll -1.4700 -1 1 1.4700 -1.4700
Fall -0.1370 -0.0174 0.0860 0.0024 -0.0118
Spring 0.0670 -0.0523 0.0620 -0.0035 0.0042
Summer -0.0460 0.0244 0.1640 -0.0011 -0.0075
MidWest -0.5740 0.4599 0.2360 -0.2640 -0.1355
NorthEast -0.5710 -0.0035 -0.0640 0.0020 0.0365
South 0.4540 -0.1812 -0.2760 -0.0823 -0.1253
District1 -0.3040 0.3693 0.4340 -0.1123 -0.1319
District2 -0.3640 02125 0.1220 -0.0774 -0.0444
District3 0.1110 0.2404 0.2320 0.0267 0.0258
District4 0.6180 0.1777 0.2120 0.1098 0.1310
SP*Coll -0.0080 -25.0523| 262060 0.2004 -0.2096
SNP*Coll 0.0210 -2.6237 2.4740 -0.0551 0.0520
U*Coll -0.0110 14 4843| -14.7760 -0.1593 0.1625
NR*Coll 0.0980 -1.9617 1.5840 -0.1922 0.1552
BX Sum 04644 -5.0109
Pos% Estimate 06141 0.0066| 02044
Pos% Crude 0.6098 0.0080| 0.1990
StdDev Crude 04887 0.0892| 0.3993
N 287 500 7471

Abbreviations: Coll, Collection Variable; HACCP, Hazard Analysis and Critical Control Point; HIMP-based Inspection Models Project; NbrEmp, Number of

Employees; NR, Noncompliance Record; SNP, Scheduled Not Performed; SP, Scheduled and Performed; U, Unscheduled.
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Model Validation
The validation statistic, v, is calculated as the average sum of squares of the predicted

prevalence minus the cross-validated prevalence (using N-1 deletion in Proc logistic)
divided by (1- leverage (h))?. In this case n=N in the formula below.

Pi = PCVi2
P
=

The relationship between the validation statistic and R-squared provide evidence that the
model is not over-parameterized if the Nagelkerke parameter corrected R-squared is
increasing when the validation statistic is not increasing or relatively stable. This means
that for the sample size the increasing R-squared that naturally increases with an
increasing number of parameters in the model is offset by the increasing information in
the model. The point at which R-squared and v increase together after stabilizing is where
too many parameters have been added to the model even though they may be significant.
The resultant graphical validation for the number of parameters in the model is shown in
Figure E 1 for the market hog Salmonella full data set. Table E 4 shows that stability of
R-Square with increasing v-statistic is achieved with 15 variables (similar categorical
variables combined). There are 22 variables plus the intercept with one degree of freedom
each in the model, four of which are the potential decision variables and the rest are
structural or control variables.

The binary logistic regression model was evaluated for lack of fit to the data using the
standard Hosmer-Lemeshow test for fit to the logistic distribution (Table E 4). Model
over-dispersion was evaluated with the deviance Chi-square divided by the degrees of
freedom. The deviance dispersion parameter statistic indicating over-dispersion requires
multiplication of the covariance matrix to correct for the over-dispersion when greater
than 2.0. Since this was exceeded, a correction was applied. This adjustment converts
the regression coefficient estimates to quasi-likelihoods and appropriately decreases the
regression coefficient significance by increasing the standard errors of the estimates
effectively converting the model dispersion parameter to unity. No correction is required
when the deviance statistic is sufficiently small, but in this case a dispersion correction
was applied. The standard Hosmer and Lemeshow test was not considered significant
with a p-value so close to 0.05 indicating that the data sufficiently fit the logistic
distribution and the model provided a reasonably good fit.
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Figure E 1: Model Stage 1 Parameter Number Validation

Table E 4: Partitions for Hosmer and Lemeshow Tests

Salmonella Positive Salmonella Negative
Group Total _Observed Expected  Observed  Expected
1 747 2 2.46 745 744.54
2 747 5 4.32 742 742.68
3 744 15 8.71 729 735.29
4 747 17 14.39 730 732.61
5 747 20 22.36 727 724.64
6 748 22 31.93 726 716.07
7 747 44 45.67 703 701.33
8 747 246 251.86 501 495.14
9 747 505 521.1 242 2259
10 750 611 633.59 139 116.41

Hosmer and Lemeshow Goodness-of-Fit Test

Chi-Square DF Pr > ChiSq
15.8623 8 0.0444

Figure E 2 shows the Receiver Operating Characteristic (ROC) plot for the model. The
interpretation of this plot is that the model is more predictive the greater the distance the
curve is away from the imaginary diagonal dividing the figure in half. The best predictors
are the closest to the 100% sensitivity and 0% (1 - specificity) cor