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APPENDIX E - DATAANALYSES

The main text of this report outlines the method and algorithm Food Safety and Inspection
Service (FSIS) is currently considering for a public health risk-based inspection system. When
developing an algorithm to allocate FSIS resources based on public health risk, it is important to
determine how the establishment’s finished products, and the species and processes used in the
establishment, could affect risk. That includes both the potential magnitude and probability of an
establishment affecting public health. The data available on which the algorithm could be based
are discussed in Appendix D. In this appendix, those data are examined and analyzed for use in
assessing an establishment’s public-health risk.

First, an analysis of the relative risks of the bacterial species/processes in the FSIS-requested
expert elicitations is presented. This analysis is followed by an examination of production
volume data. Noncompliance reports (NRs), food safety consumer complaints, food safety
recalls, enforcement actions, Salmonella verification categories, ready-to-eat (RTE) Listeria
monocytogenes Alternatives, and zero-tolerance pathogen test results are then examined. Each of
those parameters was assessed for correlations and relationships to the other parameters that are
considered indicators of a loss of process control and, therefore, a risk to public health. These
analyses were conducted to examine both how well the individual parameters predict food safety
contamination events (i.e., positive pathogen results), and how they are related to each other.

The latter analysis can provide information on the interdependence and potential weighting of
factors, if that was to have been done in the algorithm. Other establishment characteristics (age,
square footage, number of employees, Hazard Analysis Critical Control Point [HACCP] training,
use of chemical sanitizers, and the number of inspectors) are also evaluated.

RELATIVE RISK OF SPECIES/PROCESS

In order to rank the potential hazards of the products regulated by FSIS, the Agency has elicited
the opinion of experts. Such “expert elicitations” have been conducted three times—in 2001,
2005, and 2007. The 2005 and 2007 elicitations were conducted in a similar manner, and are
relevant to previous and current risk-based inspection proposals (RBI).

In this section, the consistency of the elicitation results across the various experts is assessed,
both within a given elicitation and across the different elicitations, for scientific interpretation
and application. It is also important to compare the results of the elicitation with the Agency’s
own microbial data, and to interpret the results in the context of published literature on food
safety hazards. Summaries of those analyses and comparisons for the 2005 and 2007 elicitations
are presented in this section. The relations between the elicitations and outbreak data are
discussed in Appendix A.

Consistency of Expert Elicitations

Although there were differences in the worksheets and procedures used for the two recent expert
elicitations, they are comparable enough to allow comparisons. Specifically, both expert
elicitations included rankings of the relative risks of foodborne illness resulting from
consumption of approximately 25 processed meat and poultry products. However, the 2007
elicitation included an additional product (thermally processed, commercially sterile meat and
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poultry), additional worksheets for ranking relative risks for vulnerable consumers and
attribution of illness by pathogen to specific food types, and limited the rankings from 1 to 10
rather than allowing open-ended ranking. Analyses have been conducted to compare the 2005
and 2007 elicitations using the rankings for the 24 processed meat and poultry products common
to both elicitations. The two elicitations were well correlated, with a Spearman correlation

coefficient, “p,” 0of 0.95. The strong positive correlation between the two elicitations of different
experts provides confidence in the results of each expert elicitation.

Correlations between Expert Elicitation Results and Microbiological Data

The FSIS microbial sampling results can be analyzed to evaluate if those products and processes
that were ranked in the expert elicitations as having the highest likelihood of illness are those
most likely to have a contamination event. The control measures that are in place by industry
might affect the actual incidence of contamination, but some confirmation of the rankings in
light of actual FSIS data are possible. Therefore, the incidence of Escherichia coli O157:H7

(E. coli O157:H7), Salmonella, and L. monocytogenes in various end products has been
compared with the expert elicitation risks for which we have data. Limitations in these analyses
include matching the end products in the elicitations with product descriptions in the FSIS
laboratory database, the low number of positive results for E. coli O157:H7 and Lm in the high-
ranking products, and the fact that only a few of the ranked risks have consistent quality
historical data available for analysis. Results for analyses conducted to date are included later in
this appendix.

PRODUCTION VOLUMES

One component of the potential public health impact of a contamination event at an
establishment is the production volume. One question that was raised by stakeholders was how
accurately FSIS estimates of an establishment’s production volume are. The FSIS has
production volume data from a few sources: inspectors have provided information on the
volumes of each product that FSIS-regulated establishments produce; for certain RTE products,
industry provides volume data through an Office of Management and Budget (OMB)-approved
survey; production volume from a random sample of FSIS-regulated establishments; and FSIS
inspectors report production volume for ground beef when E. coli O157:H7 samples are
collected.

The FSIS inspection force has, through Performance Based Inspection System (PBIS) extension
data, provided production volume estimates for FSIS-regulated facilities. Details of how the
inspectors estimate and record the volume in PBIS are presented in Appendix D. In order to
assess how well the inspection force can estimate the volume, the inspector-generated results can
be compared to other available data on production volume. Although industry data are not
currently available for all establishments, industry-generated data for two subsets of FSIS-
regulated establishments are available for analysis as follows: establishments subject to
sampling under L. monocytogenes Alternatives participated in a mandatory OMB-approved
information-collection program using FSIS Official Form 10,240-1, which includes a question
on annual production volumes of different types of products; and a one-time OMB-approved
voluntary survey that was conducted in order to obtain data needed for regulatory impact
analyses, including production volume, from a random sample of FSIS-regulated establishments.
These are compared below.
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As part of the mandatory OMB-approved information collection related to L. monocytogenes
Alternatives, industry provided volume data for a subset of establishments. The production
volume figures collected under this program are called “10,240-1 volume data.” This program
requires annual OMB approval for continuous information collection. Since 2004, FSIS has
requested establishments that produce post-lethality exposed RTE product to provide FSIS with
estimates of annual production volume and related information for the types of RTE meat and
poultry products processed. To facilitate compliance with this requirement, and to ensure that
the information is collected in an efficient and uniform manner, FSIS has made available FSIS
Form 10,240-1. A unique property of the 10,240-1 volume data is that the volume estimates are
provided by industry as opposed to being estimated by FSIS inspectors for the same facilities.
The purpose of this section is to compare the 10,240-1 production volume data provided by
industry with those made by FSIS inspectors.

The program to gather FSIS inspector-generated volume estimates began in 2006, while 10,240-
1 production volume data collection began in 2004. For the present study, the 10,240-1 volume
data and the inspector-generated volume data will be compared for the year 2006. In filling out
Form 10,240-1, an establishment only needs to update a previous year’s production volume
estimate if there has been a significant change in production volume. Thus, the 10,240-1 volume
estimates for 2006 may contain estimates that were entered in 2004 or 2005, but have not been
updated since the volumes produced by the facility have not changed significantly. Thus, some
of the volume data in the 10,240-1 volume dataset may be labeled as 2004 or 2005 data, but
actually represent 2006 data, since these entries are for volumes that have not changed.

Differences in the 10,240-1 and Inspector-Generated VVolume Datasets

A major difference between the 10,240-1 and inspector-generated volume datasets is that the
10,240-1 data include only establishments that produce RTE products, while the inspector-
generated data are for all FSIS-inspected establishments. However, the two datasets have in
common establishments that produce RTE products.

Another difference is the categories of RTE food items reported in the two datasets. The 10,240-
1 data have nine RTE categories, including such items as deli sliced, deli not sliced, hot dogs,
fully cooked, and fermented. The inspector-generated data have four RTE categories, including
RTE fully cooked 100 percent meat, other RTE fully cooked meat, RTE not fully cooked meat,
and RTE 100 percent poultry. The only food category the two surveys have in common is the
fully cooked category. However, the 10,240-1"s fully cooked category includes only post-
lethality exposed food items, while the inspector-generated data’s fully cooked category includes
fully cooked items that are both post-lethality exposed and those that are not post-lethality
exposed. Thus, for the fully cooked category, the inspector-generated volume estimates should
be larger than the 10,240-1 volume estimates.

There are several differences in how production volumes are reported in the 10,240-1 and
inspector-generated volume datasets. The 10,240-1 volume figures are for a yearly volume,
while the inspector’s volume estimates are reported as falling in one of seven average daily
volume ranges and five ranges for the average number of days per month the product is shipped.
The product of these two variables places the average monthly product volume into one of 35
ranges of pounds of product produced/shipped in a month. In summary, associated with each
facility in the 10,240-1 dataset is a single volume estimate representing the annual production
volume at that facility. Associated with each facility in the FSIS dataset is a single volume range
that brackets the monthly production volume at that facility.
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Despite these differences, some comparisons between the 10,240-1 RTE volume dataset and the
FSIS RTE volume dataset were made.

Comparison of 10,240-1 and Inspector-generated Volume Data

The 10,240-1 fully cooked RTE volume data (RTE fully cooked 100 percent meat plus other
RTE fully cooked meat) were compared with the 2006 inspector-generated fully cooked RTE
volume data. As mentioned above, the 10,240-1 fully cooked volume data represent yearly
production volume, while FSIS fully cooked volume estimates are reported as falling in one of
six daily volume ranges and five ranges for number of days per month the product is shipped.
To facilitate comparison of the two datasets, the inspector-generated data was first converted to
average monthly production volume by multiplying the midpoint of an establishment’s average
daily volume range by the midpoint of its range for average number of days per month the
product is shipped. This average monthly production volume is then multiplied by 12 to obtain
an estimate of the average annual volume produced.

A linear regression of the two datasets for the fully cooked 100 percent meat category (the only
RTE food category the two datasets have in common) is presented in

Figure E-1. The two datasets have 1,097 RTE establishments in common. The correlation
coefficient (R) is 0.58. Notice that the 10,240-1 volume data are on average 0.492 times the
inspector-generated volume data in the regression. This means that the inspector-generated
volumes are about twice (1.0/0.492) as large as the volume figures collected through the Form
10,240-1. This difference can be partially explained by the fact that the inspector-generated
volume estimates include both post-lethality exposed products and those that are not post-
lethality exposed, while the 10,240-1 data only includes post-lethality exposed food items.
However, the difference appears too large to be fully explained by this factor.

. y = 0.492x + 923102
R =058
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Figure E-1. Correlation Between 10,240-1 2006 and Inspector-Generated
2006 Volume Data for Fully Cooked Products.
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In the above analysis, the inspector-generated volume data are the midpoints of 35 ranges. Thus,
there are only 35 values that these volume data can assume. The original 10,240-1 volume data
can be any number and are thus not constrained by this restriction. To examine if this constraint
difference is the source of the low correlation in Figure E-1, we transformed 10,240-1 data to
have the same constraint as the inspector-generated data. Each 10,240-1 volume datum was
mapped into the appropriate range of the 35 volume categories, and assigned the midpoint of that
range. Figure E-2 presents the correlation of these two datasets after the transformation.

As can be seen above, the correlation is not greatly improved. The new correlation coefficient is
R =+0.6089.

The 10,240-1 volume data provided by industry and the volume data estimated by FSIS
inspectors have a fairly good positive correlation. However, there is also a high degree of
variation between the two datasets. The coefficient of determination is R* = 0.3707, which
shows that the inspector-generated volume data account for about 37 percent of the variation
found in the 10,240-1 volume dataset.

40

y =0.4349x + 614973
R=0861

20 =

10,240-1 Volume
{million pounds per year)

-_ ¥

I~ I
40

Inspector-Generated Volume
(million pounds per year)

Figure E-2. Correlation Between the Transformed 10,240-1 Volume Data and
Inspector-Generated Volume Data for Fully Cooked Products During 2006.

Comparisons Among Years for 10,240-1 RTE Volume Data

In this section and the following section, the consistency of the 10,240-1 RTE volume datasets is
evaluated by comparing them among years 2004 to 2007. The 10,240-1 2006 database was
created in late December 2006. In early 2007, FSIS asked industry to provide new estimates of
production volume. In this data call, every RTE establishment was asked to enter a volume
estimate regardless of whether its production volumes had changed or not. Thus, every 2007
entry in the 10,240-1 volume dataset was entered in early 2007. Since the 10,240-1 2006 volume
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survey was up-to-date as of the end of December 2006 and the 10,240-1 2007 volume survey
data is from early 2007, one might expect that there would be little change in the two industry-
provided estimates of RTE production volume.

The 2006 10,240-1 volume dataset has data on 4,930 RTE production establishments, while the
2007 10,240-1 volume dataset has data on 1,677 (data in the 2007 10,240-1 survey represent
RTE establishments that had responded to the FSIS data call by July 2007). The two datasets
have 976 RTE production establishments in common. Figure E-3 presents a correlation between
the two datasets with one outlier removed. The correlation coefficient is R = 0.65. If the one
outlier is included, the correlation coefficient between the 10,240-1 2006 and 10,240-1 2007
volume estimates is R = 0.071.

y =0.7818x + B51166 %
R =085
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Figure E-3. Correlation Between 10,240-1 2006 and
10,240-1 (2007 Volume Data)

As can be seen from the Figure E-3, the 10,240-1 2007 RTE production volume estimates are
larger than the 10,240-1 2006 volume estimates by a factor of about 1.3.

The average absolute difference in volume estimates between 10,240-1 2006 and
10,240-1 2007 is 1.7 million pounds of fully cooked RTE product per year per establishment.

Updating of 10,240-1 Volume Data

The 10,240-1 volume estimates for 2006 contain RTE production volume estimates that were
entered in 2004 or 2005, but have not been updated since the volumes produced by the facility
have not changed significantly. Table E-1 presents the number of RTE establishments with
2004, 2005, and 2006 volume estimates.
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Table E-1. Number of Establishments with Given Entry Year in 10,240-1 2006 Volume

Dataset
Year Number of Establishments Percent
2004 1,503 61.78
2005 754 30.99
2006 174 7.55

In total, there are 2,439 establishments in the 10,240-1 2006 database. Six establishments in the
database did not have a date of entry. Table E-1 demonstrates that 62 percent of the
establishments have not updated their volume estimates since 2004, and 31 percent have not
updated their volume estimates since 2005. Only 8 percent of the establishments entered new
volume estimates in 2006. Presumably, this means that the majority of establishments have not
changed their production volume in the past 2 years.

The FSIS is looking for potential methods or additional means to compare the 10,240-1 and
inspector-generated volume data, including having Enforcement, Investigation, and Analysis
Officers (EIAOs) report more detailed information on product- and processing-specific volumes
when they conduct food safety audits. Having the EIAOs gather that information would not only
facilitate the comparison between the volume data provided by industry with that captured by
FSIS field personnel, but would also provide means for independent verification of the volume
data captured by the FSIS inspection force for a random sample of establishments.

Comparison of Voluntary Industry Survey and FSIS Data

The second OMB-approved survey mentioned above is a voluntary survey of FSIS-regulated
establishments; in that survey, industry supplied data on production volume (Cates et al. 2006).
The purpose of the voluntary survey was to collect uniform information on practices and
technologies used to control pathogens and promote food safety in the meat and poultry
industries. In addition to collecting information on practices and technologies, the survey
collected information on establishment characteristics including the volumes and types of
products produced. The survey sample was stratified by inspection status (Federal versus state)
and HACCP size (large establishments with 500 or more employees, small establishments with
10 or more but fewer than 500 employees, and very small establishments with fewer than 10
employees and less than $2.5 million in annual sales). For Federally-inspected establishments,
the universe includes 4,266 establishments from which a starting sample of 1,086 establishments
was drawn. The sample design specified the sample size to yield precision of £5 percent or
better for estimates of all proportions, assumed a 90 percent eligibility rate for very small and
small Federally-inspected establishments and a 95percent eligibility rate for large establishments,
and assumed a target response rate of 75 percent.

The survey respondents provided production volume information by selecting a range of annual
volumes (e.g., 10,000 to 49,999 pounds per year) for each type of meat or poultry product (beef,
pork, other meat, chicken, turkey, and other poultry). The respondents also indicated the
percentage of each type of meat or poultry product across eight product types (e.g., raw, ground
and raw, not ground). The responses from these sets of questions were used to calculate ranges
of production volumes for each meat and poultry product type for each establishment.
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The industry-supplied data from the voluntary survey was then compared to inspector-generated
volume data to assess how closely inspector-generated volume data matches industry-supplied
volume data. The FSIS contracted with RTI International to conduct correlation analyses
comparing the industry-supplied volume data to inspector-generated volume data.

To conduct the analysis, the product categories from the inspector-generated data were matched
to the product categories in the voluntary establishment survey. Separate comparisons were
made by individual product category (17 categories in total). In both datasets, volume data were
collected as ranges of pounds produced (e.g., 10,000 to 49,999 pounds) over a specified time
period. However, the ranges of pounds used for the responses differed between the two data
sources, and the timing of data collection differed. For FSIS inspector-generated data, the time
period referred to a one-month period during the first half of 2007; for the industry-supplied
volume data, the time period referred to the amount produced in the “past year” relative to when
the survey was administered over the July through November 2005 period. Because of the
differences in the response ranges used for the volumes in each data source, the comparisons
were made by determining whether the ranges of volumes from each of the data sources overlap.
Prior to making the comparisons, data from each source were transformed as described below.

First, for the FSIS inspector-generated volumes for each establishment and product category, a
range for the annual number of days of production was computed by multiplying the minimum
and maximum number of days the product was produced over the prior 30 days by 12. Then, the
minimum annual days was multiplied by the minimum daily production volume to get a
minimum annual production volume, and the maximum annual days was multiplied by the
maximum daily production volume to get a maximum annual production volume. This provides
an absolute annual range by product category.

For the voluntary survey volumes, the percentage of production by product category (e.g., raw,
ground; raw, not ground; thermally processed, commercially sterile) was multiplied by the
minimum and maximum total annual production volumes to obtain a minimum and maximum
annual volume for each product category-species combination.

Establishments in the two datasets were then matched using the FSIS establishment numbers for
each product category. The voluntary establishment survey included volume data for relevant
processed meat and poultry products for 570 establishments, most of which produced multiple
products. For each comparison, it was first determined whether both datasets reported a volume
for each product category, and then whether the volume ranges from each of the datasets
overlapped.

The results of the analysis are shown in Table E-2. The ranges from the self-reported volumes
from the voluntary establishment survey overlapped with the ranges from the FSIS inspector-
generated data about two-thirds of the time. However, in many cases, establishments reported
volumes on the voluntary survey for products for which the FSIS inspector data did not indicate
a volume. This is likely because of the seasonality of production of certain products—that is,
some products that an establishment produces over the course of a year were not produced
during the month of the FSIS inspector survey. Other reasons for differences in whether both
datasets included a volume for a particular product category and whether the ranges overlapped
could be due to the difference in the time period of the surveys as described above
(approximately 2 year’s difference) or that the definitions of the product categories were slightly
different in each dataset.
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294 Table E-2. Comparison of Processed Meat and Poultry Volumes Generated by FSIS

295 Inspectors in 2007 and Volumes Collected on a VVoluntary Industry

296 Survey in 2005 (570 establishments)

No. No. Percent of
Establishments No. No. Establishments Establishments
with FSIS Establishments Establishments with with
Inspector with Voluntary | with Volumes in Overlapping Overlapping
Product Category Volume Survey Volume Both Datasets Ranges Ranges

Raw Intact Beef and o
Raw Beef Trimmings 169 180 148 84 7%
Raw Intact Pork 156 166 118 81 69%
Raw Intact Other Meat 40 63 0 — —
Raw Ground Beef 127 171 119 76 64%
Raw Ground Pork 125 174 107 72 67%
Other Raw Ground 20 37 6 3 50%
Meat
Fully Cooked Meat 250 298 219 158 72%
RTE Not Fully Cooked o
Meat and Poultry >8 48 15 10 67%
Raw Intact Chicken 101 117 76 43 57%
Raw Intact Turkey 18 34 12 9 75%
Other Raw Intact 3 9 | 1 100%
Poultry
Raw Ground Chicken 18 45 12 6 50%
Raw Ground Turkey 7 27 6 2 33%
Other Raw Ground ) ) 0 . .
Poultry
RTE Poultry 120 207 108 63 58%
Partially Cooked Meat 9 124 70 46 66%
and Poultry
Thermally Processed
Commercially Sterile 16 23 13 11 85%
Meat and Poultry
Total 1,322 1,725 1,030 665 65%

297  Based on the results of this analysis, the voluntary survey data provide a moderate degree of

2908  validation of the inspector-generated volumes. However, the match rates would likely have been
299 higher if the time period were the same, the lengths of time included in the volume estimates

300  were the same, and the product definitions were defined exactly the same. This analysis does

301 provide some confidence in the PBIS data, especially given the proposed categorization of the
302 volume data for use in ranking public-health risk, as discussed in the main text of the report.

303 In addition to the questions about the ability of the FSIS inspection force to collect accurate

304  information on production volume, some stakeholders have questioned whether production

305 volume should be a component of an establishment’s inherent risk regardless of its accuracy.
306  The argument used is that there might not be any correlation between production volume and a
307 lack of process control that could put the public’s health at risk, or that large-volume

308  establishments might have even better control measures in place and, therefore, pose less risk to
309  public health.

310 It is important to note, however, that even if large-volume establishments are no more likely or
311 even less likely to have lost control of its food safety system, establishments that produce larger
312 volumes of product have a greater potential to impact public health—that is, the more servings
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an establishment produces, the more people who could potentially consume the product.
Therefore, FSIS uses production volume as a surrogate or measure of consumption of an
establishment’s product and, therefore, an indicator of potential magnitude exposure. Therefore,
as a matter of policy, FSIS believes that volume must play a role in risk-based inspection, and
the lack of a correlation between volume and loss of process control (or the presence of an
inverse correlation) should not dictate whether volume is taken into account in an public-health
risk-based algorithm.

Despite that caveat, FSIS does believe that examining the relationship between establishment
production volume and indicators of establishment performance is valid, not only to address
stakeholders’ questions, but also to assist the Agency in focusing outreach activities in addition
to inspection resources (e.g., if establishments with a given production volume have poorer
performance, FSIS could focus its outreach activities to establishments in that category). With
those purposes in mind, FSIS conducted analyses comparing production volume with microbial
sampling results, and other indicators of an establishment’s food safety performance that have
been proposed previously for use in risk-based inspection (NRs, consumer complaints, recalls,
and enforcement actions). The results of those analyses are presented later in this appendix.

Public Health NR Rates

Public-health-related NRs are a component of the currently proposed method for allocating
resources as an indication of an establishment’s control of its food safety system, and subsequent
potential public health significance. The NRs are discussed in more detail in Appendix D. In
this section, the categorization of those NRs according to potential relation to public health is
further examined by looking at the correlations between NRs and other potential indications of
process control such as pathogen results, consumer complaints, recalls, enforcement actions, and
L. monocytogenes Alternative. These analyses provide insight as to whether NRs, or subsets of
NRs, are indicators of an establishment being more likely to have a loss of food safety control
and, therefore, their importance as a component of public health risk-based inspection.

NRs and Pathogen Test Results

In order to determine if the expert opinion used to identify the most important public-health-
related NRs is valid, analyses have been conducted to see if a specific subset of NRs are more
predictive of an establishment’s performance than others. The analysis evaluated several subsets
of NRs (e.g., facility NRs, sanitation NRs, or HACCP NRs) to determine which were better
predictors of Salmonella, E. coli O157:H7, or L. monocytogenes test results. These analyses
were conducted by product types (i.e., data are used only for the products that are tested for a
given pathogen).

One issue that was raised by stakeholders in previous analyses was that some NRs are based on
an inspector’s opinion and not a quantitative measure. Another issue raised was that not all NRs
are directly related to process cleanliness. These analyses have been conducted using several
different subsets of NRs in order to address these two issues. By looking for statistical
correlation with known events, FSIS can determine which NRs are the best indicators of the loss
of process control.

NRs are defined as violations of regulations as recorded in the PBIS. The FSIS inspectors have
recorded violation information on establishments in PBIS for several years. Test results for
pathogens in meat and poultry products are similarly recorded in a system called M2K. The
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