
t '
"'---,.1

A COMPUTER MODEL TO IDENTIFY RISK MARRERS FOR FOOD SERVICE

SANITATION VIOLATIONS ASSOCIATED WITH OUTBREAKS OF

FOODBORNE ILLNESS

A Thesis

Presented in Partial Fulfillment of the Requirements for

the degree Master of Science in the

Graduate School of the Ohio State University

by

James Robert Hartman, B. S.
'~'

* * * * *

The Ohio State University

1992

@ i q en. .:r 0\ IMR \
I)<,~ ~(~ Ii",,-

Master's Examination Committee:

Richard R. Lanese

John V. Gaeuman

R. Thomas George

~att~ £: da~.u:-
Adviser

/"
/

~ Department of Preventive Medicine



.r

~"

Major Fields:

' "

,---.

FIELDS OF STUDY

Preventive Medicine
emphasis on epidemiology

Microbiology
emphasis on food bacteriology

Registered Sanitarian. Job duties and
professionalinterestsinclude food service
inspection and neighborhood sanitation in
the OSU area, and the investigation of
foodborneillness outbreakscity-wide.

vii



'"

TABLE OF CONTENTS

DEDICATION.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ii

ACKNOWLEDGEMENTS.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii

VITA. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vi

LIST OF TABLES xi

LIST OF FIGURES xiii

CHAPTER PAGE

I. INTRODUCTION.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

A place for environmental sanitation
in public health 2

.....

II. BACKGROUND.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ".. . . . . . . 5

III. STUDIES OF ESTABLISHMENTS THAT CAUSE OUTBREAKS 11

Relative risk ratios for restaurants
compared to markets : 11

Vessel sanitationscores 13
Routine inspectionscan predict outbreaks 15
Foodvendingmachinesare safe 16

IV. INSPECTION STRATEGIES .18

Floors, walls, and ceilings 18
HACCP.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

Variable inspection frequencies 22
Microbiological approaches 29
Conclusions " 31

V. METHODS.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

CART.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

Other Procedures 37

viii "



/'

ACKNOWLEDGEMENTS

I did all the work on this research project, but the

credit for a great deal of the creativity it represents has

to go to others. I wish I could claim its core idea, but

it was Dr. Richard Lanese who suggested the use of

computerized records from the Columbus Health Department's

food protection program to predict important code

violations. I merely set the stage by discussing the work

safety consultant in Lithonia, Georgia, origina1-ly sparked

much of my interest in this area.)

John "Mac" Crawford and Gil Nestel of the Department

of Preventive Medicine discussed various analytical methods

with me. Dr. Thomas Santner of the Department of

Statistics provided valuable insights about CART, the

computer program I used for the main analysis.

Joe Damico of the OSU Academic Computing Center

installed the CART program at OSU, including a larger-

memory version for the Statistics Department, and got me

iii

of Irwin et al. in connection with my own unworkable

research ideas. (I had wanted to set up an active

food borne illness surveillance system using an ongoing

telephone survey. The work of Dr. Frank Bryan, now a food



started with that Statistics Department version. Joe and
.---

the other ACS mainframe and statistical consultants,

especially Fred Ruland, Don Gibb, and Claudia Jordan, were

indispensable throughout the process of reading and

manipulating the data.

My work would not have been possible without the

efforts of many fellow City of Columbus employees. Renee

Closs of the Data Center copied the data onto tapes for me.

Mark McDonnell, our liaison with the Data Center, smoothed

the way. The data was collected by all the food

sanitarians in the Columbus Health Department's Division of

Environmental Health. Sanitarian Dan Smith also suggested

a variable for testing. The data was keypunched by several

competent clerical workers, most recently Barbara Pugh and ~

(earlier) Julie Fultz--a process. overseen by Linda Norris.

My supervisor, Nick Malagreca, our Section Chief, Ted

Strouth, and the Director of our Division, Mike Pomp iIi,

all provided encouragement.

A significant fraction of the financial support for

this project was provided by the City through a tuition

refund program, a benefit negotiated by Local 2191 of the

American Federation of State, County and Municipal

Employees.

My longtime companion, Bob Ramsey, put our home

computer system together; otherwise I would have had to

camp out at the OSU Computer Center. Bob suggested a

iv ~



variable for testing, and it turned out to be one of the
"~

most powerful. And he tolerated my frequent unavailability

and a yard overgrown with weeds while I slaved over this

thesis.

~---

~. v



--

VITA

May 14, 1951 Born - Barberton, Ohio

1975 B.S., The Ohio State
University, Columbus,
Ohio

1979-present Sanitarian, Columbus
Health Department,
Columbus,Ohio

PUBLICATIONS

Two outbreaks of Shigella sonnei dysentery.
of Environmental Health 1983; 38 (6): 20-25.

Ohio Journal
'-

Suspected foodborne outbreak, Columbus, Ohio.
of Environmental Health 1986; 36 (4): 6-13.

Ohio Journal

HACCP in three food services. Ohio
Environmental Health 1987; 37 (6): 10-13.

Journal of

HACCP in three food services.
Environmental Health 1988; 38 (1): 14-17.

Ohio Journal of

Food safety reviews. Ohio Journal of EnvironmentalHealth
1989-91 [bimonthly column].

A foodborne outbreak investigation with negative findings.
Ohio Journal of Environmental Health 1990; 40 (4): 6-8.

vi '-



VI.

VII.

VARIABLES EVALUATED 41

Data sources 41
Inspection interval 45
Outcome variables 46
Predictor variables 47
Variables not used by CART 50
Variables not included 52

RESULTS .55

Performancemeasurement: sensitivity
and specificity 55

Risk markers for inspectionfailure 57
Risk markers for time-temperature
violations 66

Risk markers for failure using only
information available at licensing 69

Risk markers for time-temperature viol-
ations using only information
available at licensing 70

VIII. DISCUSSIONAND CONCLUSIONS 92

Limitationsof the data and analysis 92
Conclusionsabout specificvariables 96
Potentialapplicationof predictivemodels 99
Recommendationsto improve predictive_power..103
Other recornmendations 106
Summary. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107

A.

APPENDICES

B.

C.

D.

E.

Food Service OperationInspectionReport form l09

Where to mark violations on food service
operation inspection form 111

Food EstablishmentInspectionReport form 136

Profile form .138

FE and FSO License Applications 140

ix



.G.

'-

F. Plan Review and License Fees,
by type of operation 142

H.

HACCP inspection priorities, risk assessment,
outline, and diagram sheet 145

Sample output from SAS routine to process
raw data 150

I. Sample output from SAS routine to form a
dataset for CART 163

J. sample CART source code 181

K. sample output from CART 185

L. An introductionto CART methodology 196

M. District Operationscomplaint form 216

N. Food complaint log 218

LIST OF REFERENCES 220
'-

Ve,..( ,,,.\ole) ~ v' 'i JU Ii t-e. (,t f v. d V10 +e



TABLE

LIST OF TABLES

PAGE

1. Factors contributing to foodborne illness
outbreaks.................................... 8

2. Percentages of foodborne illness outbreaks
reported by establishment type, Southern
California, 1979 12

3. Factors associated with foodborne illness in
restaurants, Seattle-King County, Washington,
Januar1 1, 1986 to March 31, 1987 (after
Irwin et al.) 12

4. Disease states with results of a screening
tes t. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 56

5. Sensitivity and specificity of the
classification of full-menu restaurants
according to risk markers identified by CART
to explain or predict inspection failure 73

Sensitivity and specificity of the
classification of fast-food establishments,
markets and carry-outs according to risk
markers identified by CART to explain or
predict inspectionfailure ~ 75

6.

7. Sensitivity and specificity of the
classification of bars and coffee shops
according to risk markers identified by CART
to explain or predict inspection
f ai lure. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 77

8. Sensitivity and specificity of the
classification of full-menu restaurants
accordingto risk markers identifiedby CART
to explain or predict time-temperature
violations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 79

xi



9. Sensitivity and specificity of the
classification of full-menu restaurants
according to risk markers identified by CART
to explain or predict time-temperature
violations using last inspection 81

~

10. Sensitivity and specificity of the
classification of fast-food establishments,
markets and carry-outs according to risk
markers identified by CART to explain or
predict time-temperatureviolations ~ 83

11. Sensitivity and specificity of the
classification of bars and coffee shops
according to risk markers identified by CART
to explain or predict time-temperature
violations 85

12. Sensitivity and specificity of the
classification of bars and coffee shops
according to risk markers identified by CART
to explain or predict time-temperature
violations using the last inspection 87

13. Sensitivity and specificity of the
classification of all retail food operations
according to risk markers identified by CART
to explain or predict inspection failure,
using only information available at
licensing 89

~

14. Sensitivity and specificity of the
classification of all retail food operations
according to risk markers identified by CART
to explain or predict time-temperature
violations, using only information available
at licensing 91

xii
'-'



FIGURES

LIST OF FIGURES

PAGE

1. The last inspection versus the last
failure 39

2. Inspectionsby year 44

3.

4.

Last inspections by year 44

Inspection failure rates in a learning sample
of 1,000 full-menu restaurants as a function
of risk markers identified by CART 72

5. Inspection failure rates in a learning sample
of 1,000 fast-food establishments, markets
and carry-outs as a function of risk markers
identified by CART 74

6. Inspection failure rates in a learning sample
of 1,000 bars and coffee shops as a function
of risk markers identified by CART 76

7. Time-temperature violation rates in a
learning sample of 1,000 full-menu restau-
rants as a function of risk markers identi-
fied by CART 78

8. Time-temperature violation rates in a
learning sample of 1,000 full-menu restau-
rants as a function of risk markers identi-
fied by CART using last inspection 80

9. Time-temperature violation rates in a
learning sample of 1,000 fast-food
establishments, markets and carry-outs as a
function of risk markers identified by
CART. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 82

xiii



10. Time-temperature violation rates in a
learning sample of 1,000 bars, coffee shops,
and food vending machine locations as a
function of risk markers identified by

.---

CART. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 84

11. Time-temperature violation rates in a
learning sample of 1,000 bars, coffee shops,
and food vending machine locations as a
functionof risk markers identifiedby
CART using the last inspection 86

12. Inspection failure rates in a learning sample
of 2,000 retail food operations as a function
of risk markers identified by CART 88

13. Time-temperature violation rates in a learning
sample of 2,000 retail food operations as a
functionof risk markers identifiedby CART.. 90

'-



'--'

CHAPTER I

Introduction

The goal of this project was to identify groups of

food service operations (restaurants) and food

establishments (food stores) with higher rates of certain

kinds of code violations associated with foodborne

It used CART (Classification and Regression

illness.

1
Trees)

software to analyse the computerized inspection records of

the Columbus Health Department's Food Protection Program.

:,--./ These records not only indicate inspection outcomes, but

also contain variables with possible predictive power. The

analysis also included "sociological" data, such as

ethnicity and income levels of residents in the ~perations'

zip codes, to test whether such variables can predict

future inspection results before an operation even opens

for business.

Researchers often refer to variables bearing a

positive association with a disease as a "risk factor," but

some have criticized this term because it seems to imply

1 Breiman -L, Friedman
Classification and Regression
Wadsworth, 1984.

JH, Olshen RA,
Trees. Pacific

Stone
Grove,

CJ.
CA:

~. 1
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knowledge of causation when only an altered probability of

disease is known. The term "risk marker,,2is perhaps

better.

T~e use of CART to identify risk markers for adverse

inspection results may be more sophisticated than the focus

of previous work in this field on inspection scores as a

barometer of an operation's risk of causing outbreaks. A

great body of information is available on the specific

causes of foodborne illness, and because improper

temperature control of potentially hazardous foods is the

leader, the code violation representing this problem

deserves special attention.

~

A place for environmental sanitation in public health

walker3 has discussed the impact of the National

Academy of Sciences' 1988 report on the future of public

health on environmental health programs. "Disarray,

diffusion, confusion, and lack of support" characterize the

present system. Within the field of environmental health

there has been an emphasis on pollution control and on

2 McCormickJ, Skrabanek P. Coronary Heart disease
is not preventableby populationinterventions. The Lancet
1988: October 8; 839-41.

3 Walker B Jr. The future of public health. Journal
of EnvironmentalHealth 1989; JanuaryfFebruary:133-135.

'-'
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enforcement orientation and partly from the overemphasis of

personal health services as provided by nurses and

physicians at the expense of environmental control

programs, "interferes with the capacity of officials to

mobilize support from the general public and from political

leaders for the public health mission." Problems such as

-'-_./
take on additional responsibilities, however, the relative

time spent on food protection will have to decline. Given

the finite resources ever likely to be available for

environmental health resources [sic], improved schemes for

setting priorities and more efficient approaches to risk

assessment will be necessary to ensure adequate services in

all areas." "Environmental surveillance and biological

monitoring have rightfully ~merged as essential elements in

the continuum of environmental health services but

remain to be fully integrated into the total public health

system."

,,

participation by an increasingly knowledgable and

environmentally conscious public. Environmental health

programs' poor public image, arising partly from their

acid rain, toxic waste, and indoor air pollution have

received attention,while many experts believe foodborne

diseasesare on the increase. "If local health departments
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The ColumbusHealth Department, consistent with the

su!geon general'sgoals for the nation for the year 2000,4

has targets for the reduction of illnesses caused by

foodborne Campylobacter, Escherichia, Listeria, and

Salmonella. This report describes a project that may serve

not only to bring us closer to the target levels of these

illnesses, but also, ideally, to improve the status of the

food protection program by showing that careful research in

this area, using modern methods, is possible.

~

4 Public Health Service.
national health promotion and
objectives. Washington, DC: U. S.
and Human Services, Public Health
publication no. (PHS)90-50212.

Healthy People 2000:
disease prevention
Department of Health
Service, 1990; DHBS'

'-/
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CHAPTER II

Background

The 1976 Food Service Sanitation Manual,5 by the

United States Food and Drug Administration (FDA) , gives a

brief history of this country's restaurant inspection

program. The first proposed national "ordinance regulating

eating and drinking establishments" was a mimeographed

document promulgated in 1935. The Ohio Department of

Health adapted the 1976 Model Code and approved the use of

~ a 44-violation inspection report form reproduced here as

Appendix A. (Some of the space for remarks was removed and

the form was reduced. )
The Columbus Health Department

enforces this code locally. Its goals are to minimize'

foodborne illness, to ensure the "soundness" or purity of

food, and to meet consumer expectations. Note that 13

items on the inspection report are marked with asterisks as

"critical items requiring immediate attention."

The FDA Manual comments, "despite the progress made,

foodborne illness continues to be a major public health

~ "

5 U. S. Department of Health, Education, and Welfare.
Food service sanitation manual, including a model food
service sanitation ordinance. Washington, D. C.: U. S.
Government Printing Office, 1978.

~
5
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problem." It may be the second most frequent cause of

short-term illness in the United States (behind the cornmon

.67
cold). Archer and Kvenberg used data from the National

to 81 million cases per year. In contrast, the official

tally of (confirmed) cases of illness transmitted by food

in 1983-1987was 91,678 cases--an averaga of only 18,336

per year.8 The CDC cautions that this data would be

useless in trying to compare the relative incidence rates

of these illnesses attributable to specific causes.

Nevertheless, 41 to 58 percent of these reported cases were ~

due to commercial food services; and, because restaurants

are probably more likely to be reported than a home

cookout, they probably contribute an even
-

greater fraction

of illness than the CDC has reported. This' is not

surprising, considering h~ cornmon serious food service

6 Zaki Ma, Miller GS, McLaughlinMC, Weinberg SB. A
progressive approach to the problem of foodborne
infections. American Journal of Public Health 1977;66:44-
49.

7 Archer DL, Kvenberg JE. Incidence and
foodbornediarrhealdisease in the United States.
of Food Protection1985; 48:887-894.

cost of
Journal

8 Centers for Disease Control. Foodborne disease
outbreaks, 5-year summary, 1983-1987. In: CDC Surveillance
Summaries, March 1990. MMWR 1990; 39 (No. S5-1):15-57 ~

Ambulatory Medical Care Survey to estimate that the real

incidence is between 18 and 61 million cases per year, and

concluded that, including secondary cases, the U. S. has 24
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health code violations are. In a quality-control survey

conducted in Seattle and King County (Washington), 51

percent of the "complex-menu type operations" (restaurants

with complex menus and food preparation procedures, and

possibly large meal volumes)were in the "high to extreme

hazard" categorybased on critical items violated.9 In a

recent federal survey of 15,000 nursing homes, 42.8 percent

failed to meet food sanitation standards.10 In Columbus

for the year ending December 1, 1988 nine percent of all

violations noted by inspectors were critical items.

Clearly even better control of this already pervasively

, /

regulated industry is in order.

For many years studies of foodborne illness outbreaks

have shown that certain food handling errors cause most of
8 11

the problems. ' They show up consistentlyfrom country

to country and from year to year.
-

The leaders (in order o~

importance) are improper holding temperatures of

potentially hazardous foods, poor personal hygiene by

infected workers, inadequate cooking, contaminated

9 Bernhardt RR. Seattle-KingCounty Department of
Public Health food protection program program review.
Olympia,WA: Division of Health, Departmentof Social and
Health Services, 1986:6.

10 43% of nursing homes flunk
Columbus Dispatch; December 2, 1988: 1A.

food sanitation.

-' i

11 Bryan FL. Factors that contribute to outbreaks of
food- borne disease. Journal of Food Protection
1978;41:816.
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equipment, and food from unsafe sources. See Table 1.

Ohio's Food Service (Ohio AdministrativeRules Code

Chapter 3701-21-W) give this definition:

"Potentially hazardous food" means any food that
consists in whole or in part of milk or milk products,
eggs, meat, poultry, fish, shellfish, edible crustacea,
tofu, baked or boiled potatoes, cooked rice, cooked beans,
or other ingredients[,] including synthetic ingredients, in
a form capable of supportingrapid and progressive growth
of infectiousor toxigenicmicroorganisms. The term does
not include foods which have a pH level of 4.6 or below, or

a water activity (AW) value of 0.85 or less.

(Water activity is a of the of moistureamountmeasure

available to bacteria; pure water has a value of 1.00.)

Section 5A of the Food Service specifies time-Rules ~

temperature requirements for cooking, reheating, cooling,

or storing (Seepotentiallythese hazardous foods.

Table Factors contributing
outbreaks

to1. foodborne disease

1.
2.
3.
4.
5.

Failure to refrigerate foods properly
Failure to heat-process or cook foods thoroughly
Infected workers practicing poor personal hygiene
Preparing foods a day or more before serving
Incorporating contaminated raw ingredients into foods
that receive little or no cooking
Allowing foods to remain at warm temperatures at which
bacteria can incubate
Failure to reheat cooked foods to temperatures that
kill vegetative bacteria
Cross-contamination
Failure to clean and disinfect kitchen or processing-
plant equipment

6.

7.

8.
9.

'-'
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Appendix B, "Where to mark violations on food service

operation inspection form, " for lists of temperatures

applicable to various foods and recommended time limits for

processing.} Because violation of this section is the most

important cause of foodborne illness, finding risk markers

for "SA" violations will be the most important part of this

study.

Ohio's Rules regulate restaurants, delicatessens,

caterers, fast food operations, and similar facilities -as

"food service operations." Locations with food or beverage

vending machines are also licensed as food service

operations, although individual machines are not. Even
.~-

vending locations serving only cold drinks or coffee are

licensed, although similar operations staffed by people

would not be, because of the possible absence of monitoring

at the machine locations otherwise.

Unlike many other health departments, the Columbus

Health Department also requires licenses and performs

inspections for supermarkets, fish markets, carry-outs, ice

cream parlors, and similar establishments, to which Ohio's

Food Service Rules do not apply. Chapter 221 of the

Columbus City Health Code designates these facilities as

"food establishments." The program applies only to those

operations having potentially hazardous food. The

inspection form for food establishments is similar to the
' ,-
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one used for food service operations (see Appendix C).

The Columbus Health Department has a contract to

provide food protection and other public health services

for the City of Worthington. City inspectors also inspect

mobile operations licensed by other health departments if

they operate in Columbus (at the Ohio State Fair, for

example), as well as a few food vending machine locations

licensed to operators outside of Columbus. This study

foodexamined all the food service, food establishment, and

vending records for Columbus and Worthington.

~

~
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CHAPTER III

Studies of establishments that cause outbreaks

Relative risk ratios for restaurants compared to markets.

Kaplan and EI-Ahraf12 were apparently the first to

tabulate data on reported outbreaks of foodborne illness

according to the type of establishment involved. In a

short, widely quoted article they presented work done with

data from a large county in Southern California in 1979.

Table 2 summarizes the data presented by Kaplan and

El-Ahraf on foodborne outbreaks by type of establishment.

They refer to the ratios of the percentages (89%/70% =

1.27; 11%/25% = 0.44) as "relative risks"; and they, and

establishment in the category 'fast food and restaurant' is

12 Kaplan OB, El-Ahraf A. Relative risk ratios of
foodborneillness in food service establishments: an aid
in deploymentof environmentalhealth manpower. Journal of
Food Protection1979;42:446-447.

11

later reviewers, refer to the ratio of these ratios

(1.27/0.44 = 2.9) as the "relative risk ratio." The

meaning they ascribe to this is that "
.. .the average

three times more likely to generate a reported outbreak

than a food market [is]." (It is not totally clear from

the authors' presentation whether an establishment could
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TABLE 2. Percentages of foodborne illness outbreaks reported
establishment type. Southern California. 1979.

------------------------------------------------------------------------------------------------------------------------------------------

by

------------------------------------------------------------------------------------------------------------------------------------------

totals 3.585** 100
---------------------------------------------------------------------

100 256
------------------------------------------------------------------------------------------------------------------------------------------

...The authors comment that this figure is "negligible" and
standard deviation is large compared to its mean.

** The authors give this sum as 3.600.

that

TABLE 3.
----------------------------------------------------------------- .

Factors associated with ~oodborDe illness in
restaurants. Seattle-King County. Washington.
January 1. 1986 to March 31, 1987 (after Irwin et
a1.)

----------------------------------------------------------------------------------------------------------------------------------
Odds Ratio
----------

Any improper food protection practice
Improper storace or handline of equipment and utensils
Potentially hazardous foods at unsafe temperature
Any "criticalM violation
Inspection lastine 37 alnutes or longer
Score of 86 points or below
Corporate owner
"UnsatisfactoryM or -suspend permit" result*
Restaurant size 1~O or 80re seats
Potentially hazardous tood not cooked to proper temp.
American cui.lne

15.8
1~.9
10.1

6.3
5.6
5.4
5.3
3.9
3.4

*'*
0.2----------------------------------------------------------------------------------------------------------------------------------

* "Unsatisfactory-aeana score 70-65 or a critical
"suspend permit- aeana score below 70.

** odds ratio vas indet8r81nate tor this factor.

violation;

----------------------------------------------------------------------------------------------------------------------------------

.,.

12
'-..J

its

"--"

'--""

establishment as % of ' out- as % of: ratio of.

type number total ' breaks total I %'s. .
----------- --------- ------- I ------- ------ ' --------I .

Fast food &. 2.500 70 I 227 89 ' 1.27. .

restaurants
I I
, .
I .
. .

markets 900 25 ' 28 11 ' 0.44. .
I ,
. .

liquor stores 185 5 ' 1 - ' --
. .
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~ contribute more than one outbreak. If it could, the

authors' choice of effect measures, relative risk, would

not have been appropriate.)

Kaplan and EI-Ahraf conclude that the differences in

risk suggest "there is no logical basis for the traditional

rule that all types of establishments [sic] must be

inspected a given number of times." (The origins of this

"traditional rule" are obscure, but a feeling that it is

unfair to do extra inspections in some operations may have

motivated it.) Perhaps administrators should "increase the

surveillance of high-risk establishments and decrease that

of low-risk ones. This would result in a more effective

deployment of sanitarian manpower and related resources."
\' '

Vessel sanitation scores

The CDC began a passenger cruise ship f~d service

and water quality control inspection program in 1975 on

ships using U. S. ports because two percent of the cruises

had five or more times the rate of enteric illness than the

other 98 percent did.13 It provided a rare opportunity to

study the effects of sanitation on the health of a defined

population, free of the influences of home meals and other

13 Dannenberg AL, Yashuk JC, Feldman RA.
Gastrointestinalillness on passenger cruise ships, 1975-
1978. American Journal of Public Health 1982;72:484-8.

',--./



factors normally present.

A unique surveillance system required the captain

report by radio, arrival port,in24 hours before

number of diarrhea cases seen by the ship's physician.

14 ~ ,

~

to

the

If

necessary, epidemiologists could organize an investigation

before dispersal of passengers on arrival.11 An outbreak

was defined as three percent or more of the passengers

crew seeking medical attention for diarrhea by the

physician. linked to meals

outbreaks

oncould beIllnesses that

shore were excluded. There shipboardwere 45

or

ship's

during the ten years of the study.

By 1985 the CDC had completed almost 1,800 inspections

172 vessels.14 They classified inspections ason

"semiannual" (regular), "follow-up," and "other."

latter category included outbreak investigations. The

ranked ships according to their scores fromaverage

semiannual inspections into three groups: the upper

the middle lower When analyzed60%, and the 20%.

average score, ships in the upper 20% had 1.8 outbreaks

every 10 million passenger-days, ships in the middle

had 3.5, and ships in the lower 20% had 8.1 outbreaks

10 million passenger-days. Analysis by percentagethe

"satisfactory" ratings (a score of 86 or above out

14 CDC.
117.

Vessel sanitation scores. MMWR 1988;37:114-
~

~

The

CDC

905'

20%,

by

for

60%

per

of

of 100



/
.-;;;;

15

points) and by shipping line showed a similar trend.

The CDC program appears to have been effective despite

limited data. Whereas the number of cruises and passenger-

days increased continuously through the study period, the

number of outbreaks per 10 million passenger-days decreased

continuously.

Routine inspections can predict outbreaks

A detailed study was done in Seattle more recently by

Irwin et al.15 to examine the violations reported on the

last routine inspection report before each of 28 outbreaks

the restaurants had experienced. An agent was implicated

in only 6 of the 28 outbreaks, but a food vehicle was

identified in all but 4 of them. Improper temperature

control of potentially hazardous foods was a contributory

cause in 25 of the 28 outbreaks.

Irwin et al. set up a case-control study comparing

case restaurants (ones causing an outbreak) to control

illness was "any improper food protection practice"
/'

(OR =

15 Irwin K at al. Results of routine restaurant
inspectionscan predict outbreaks of foodborne illness:
the Seattle-KingCounty experience. American Journal of
Public Health 1989;79:586-590.

restaurants (matched to cases by health district and

routine inspection date). According to their results, the

best predictor of which food services would later cause
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15.8). (Presumably this would be equivalent to any

violation of 05F in Ohio--see Appendix B.) Improper

temperature control of potentially hazardous foods was,
A

surprisingly, third (OR = 10.1) behind "improper storage or
A

handling of equipment or utensils" (OR = 14.9}--an outcome

explained by the investigators as possibly being a

statistical fluke. (There is also a chance unknown factors

could be causing problems because of utensil-handling

procedures, although present knowledge would not suggest

this.) Specializationin American cuisine was protective,
A

with an OR of 0.2. (See "Variablesnot used by CART" in

Chapter VI for further comments on restaurant ethnici ty. )

Table 3 (page 11) summarizes their results.
'-

Food vending machines are safe

Available epidemiologic evidence suggests that food

and beverage vending machines are unlikely to cause

foodborne illness. They may be more likely to cause

injuries by tipping over onto people who are trying

or vandalize them.16 Their relative safety may

to rob

be due

partly to the self-regulating nature of the vending

industry: it may be oversensitive to consumers'

expectations of cleanliness, the absence of vermin, and the

16 McSwain David. Vending Program (Inservice sponsored'
by the Columbus Health Department),July 17, 1990. .........
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palatability of food. The rapid turnover of product

necessary for profitability probably also contributes to

and safety features, such as a switch to prevent the

vending of perishable food if the product has ever warmed

to a temperature above 450 F. for any reason, such as a

temporary power failure.

safety. Voluntary certification of machines by the

National Automatic Merchandising Association (NAMA)

probably helps, too, because the NAMA requires cleanability
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CBAf~ IV, '" ~"'"
1

Ins~1;i~:'IJ~rateg~e.~ '
, ,>. " <'<,>, "1 ' . '" , ,,< .-

I
!

!
i

Floors, walls, anc1 ceilings j", , " j .

For many yearsth,t;!. ~ta~d.artd in: ,foed service inspection
, ,,>./ '>'1 ,',.

I

has been to checkeachc:oper~~i9P,.' f~ed Ilumber of times
j

per year and to concentrate ;On str~ctural.,pro];:)l,em!h. Until'
i

a few years ago the Ohio DePartment of Health inspection
, 1

I

form listed "floors, walls,land ceilings" as the first
j

f

item. Originally the ratio~ale for the "floors, walls, and
J

ceilings" inspection may ~ave been to concentrate, on
I
!

fundamentals, often a neces~ary consideration in previousI
!

type of

overwhelming problems.decades. Rats

This in what may be an

application of Theory--the minds of

many people equate filth wi~h disease.
i

Just as the Germ
f

Theory replaced the M1a~ma Theory, more scientific
1

I

techniques are replacing th. ftfloors, walls, and ceilings"
i

f

inspection.

Attempts over the ]iaat
I
;

few years to improve

inspections to control the ~isk of foodborne illness from
!

licensed facilities have coricentrated on three major areas:

the application of hazard analysis

18

to inspections, the
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manipulation of the fre,quenaro~schedulingof -- inspections,

and the use of microbiologi~l examinations of foods. The

old style of inspec'tions tand:, the three new ones are not

mutually exclusive: i ,variable
i

frequencies or

microbiological examinationis
i

may -, be used wi.th -" floors,

walls, and ceilings" insp~c~ions ,'for -example.-

~

BACCP i-
,-

!

The most important dev~lopment has, probably been the
;

introduction of ,hazard analis is and critical control
- I

monitoring, or HACCP:,.17 ~he contrast between the

point

BACCP
i

approach and the tradi~iona~."floorst'walls, and ceilings"

between

the Germ Theory of disease .nd
i

the Miasma theory.- _HACCP

I. -

was a spinoff of the U. S. ,pace program--it resulted from
i -

food processors' adaptatio* of the NASA "zero defects'"

program to the production 9f
1

basic format of the HACCP
I

handling through time, payipg-
-~ !

procedures that may result'~n contamination
- I -

by, or growth
'. "- ., ! -

of, pathogens capable of "capsing. foodborne
--of 1 -

illness. -" [The

17 Bryan FL. - kazard 1;.- analysis. of - ~OOd
operations. Food Technolog;y, February 1981:78-87.

i
L
I

18 Bauman H. HACCP:j -concept, - development,

application. Food TeCbn0199Y, May 1990:156-158,. --
j

service

and

food for astronauts. 18 The

approach is to follow food

attention to processes and
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:
HACCP]conceptis really, nc:rt!J:1ingmore'.than what~ many good

I

I

sani tarians and consc1entip1.1s;('~'r.esta.urant operators have

been doing for generatiQns.~!It1SrjUst. more:structured and

formalized." 19 The.d.1stinc~ionbetween HACCP, and regular
inspections can be thought qf'asthe'Fdiffer~cebetween a

i
I

well-focused movie and, a. fU,z¥ sti11c;photograph.I

The HACCP idea has beeq slow to catch on in health
J

I

departments or the restaura~ts they regulate: a sur~ey by
1
I

the FDA in 1986 found. that Qut.r, of. 2.,700 state '. and local
j

health departments, .only 23 <.state.;. and 8 local agencies
j

I, . 20
interest iq HACCP.'h . However, ,the, 'FDA has

!

been training state and J.()C~lhea.l:thdepartments'in the use
I

of HACCP in its)CuzrrentJconce pts.. .':iri., Food '<,Protection
"1 .

I
I .

program. Frank Bryan.. has, 1 dJ.sc:ussed HACCP" training and

compiled a bibliograpl1y~of' ~raining"materials'. 2~

Guzewich20 andBry~n?l have identified several
!

impedimentsto widespread u~e of BACCP. The most important
!

j

1
I
I

19 Harrington' RE..' Hpw -to protect your . restaurant
against foodborne illness. INRA News, April 1986:33-34.

. j'.. " ,~.'

20 Guzewich JJ. Practic41 procedures for using the
hazard analysis criticaJ.control point (HACCP:) ,approach in
food service establishmenis by industry and regulatory
agencies. In: Food ~rotection. ~echnology (papers
presented at the Third Co~ference for Food Protection).
Chelsea, Michigan: ILewis.P\fblishers,Inc.:91-100.

. i ~ .,

21 Bryan FL. Teaching HACCP techniques to
processors and regulatory! :officials. Dairy, Food
EnvironmentalSanitati.on 19~;J.rfll:S62-568~

J

i
i

expressed an

"

food
and
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may be resistance, "t.O cha~ge. .:.Regu~ators ana industry
I
I

personnel are reluc,tant tf.-inve.st time and. money

training their ,people",in rUd~mentary food. i microbiology and

Rapid ., burnover of. food. workers may
,

require continuous trainingtjprogram~;..;'Untrained managers
!

may expect newly-.traineci emp~oyees to .;do things" the same
!

way they did before. Someoif..;theresistance to HACCP isI
i

because the initial evaluation of ,'an operation is .time-
i

in

related subjects.

consuming compared to the
jlt floors, wall's, and ceilings"

inspection.

i

The best 'wayrto
I
i

compensate for this extra

investment in time ~s ", pr,obabl y" to adjust inspection

frequencies according .to ha:;ard..category:
J
!

time forBACCP

evaluations comes from' in$p~cting operations classified as
,

low-risk less often. But ~ny jurisdictions'codes require
I

a fixed number of inspectiQns annually;,and many. health
!i_,

department managers judge s4n1tarians'; performance on the
i

number rather than' the..quality of im~pections.'
i. I

authori ties have' recommend~:." laws requiring operators
i

monitor control points ~ maintain
I
I,

Some

to

records of the

monitoring. Subsequent vi$its by the health departmentI
I

sanitarian could',entail: ~. record review, rather than
i

another complete HACCP eval?ation, as another way
i
!

to help

make up .the time spent on tpe/initial evailuation. The' food
j

service industry seems ,to f~l this savings would be at its

expense--industry employeer wou:j.d:.waste time keeping
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records. (In fact,' many.;'tasF' food chains.. routine.ly keep
j

food time-temperatuJ;'elog.s.j ;; The .'.'OSU Hospitals Jti tchens

have recording thermomaters:*tin their dishwashers,. .The
Residence and Diningaa'll$, ~itO'Ji1ens have,ipcorporated

i
i

concepts into recipes. Ncpne of thisseemstobe1t1uch
!

OSU

HACCP

of a

burden.) ThereisamiscoQception that concentration on
i

critical control points allqws establishmentsto,ibe,filthy
i

, i
and vermin-infested.';'

I
,

One problem wit,h J.n~tituting
j
i

HACCP' has ,net..' been

literature

much in the c 11 terature:,t.he impr.essioni the
I ',

itself seeJ;ns2c<tO::1Qnveythat instituting.,a" ,.HACCP
has to."hinvolv~i,u exttj)ns:ivey, (and' expensive)

I '

!

discussed

program

microbio1ogical analys~sJ:of}';foods. i'fI

"-

Variable inspection frequen,1es
I

i

Another major thrust 4cf' "th~I
i

improvements has', been

variable inspection frequeng:ies:, ,with"ths':adjustmentof the
!
I

between E,inspe~d.ons ,according.c to . various
I

Frank .,Bryanh~s commentec121 that the food
.I,

service industry hCiS grofn' fas,ter.:;"..than . most
j

department budgets ,>'and thaf; many ,food program budgets. have
,

1

intervals

criteria.

health

shrunk in proportion to'the;,rest of "the:; health' department
i

I

budget due to de~emphasisj, ,of .foodborne..illness control
!

programs. This implies tha~,~inspect'ions'must be shortened

or reduced in number, or (a, 118. agvocates) a variable.
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I

i

inspection frequency b,as~d o~0;isk to the community must be
" ,

I

implemented. ;
./.,

The FDA's 1976 model] code1 recommended semiannual

inspectiqns; Ohio's rules 'req;uire at least an annual
I

inspection. (Neverthel~ss" rh~ .Cqlumbus Health Department,

reduced the inspection.fr~qurncies of foo~ ve~ding machine
i

locationsto once every two .years' in January of 1990
, . ~ '

I

because of their ~ood s~f~ty record.)
i

County Health Depart~~nt,<ex~~ime~tedwi~h a departure from
!

their standard four inspe~~lopsper,year in 1970-1972 but

discovered that on~..visi:t p~r .yeaI:' resu;tted in increased

"food pOisoning"complaA.n~s ~nd decreased sqores.22 An
, J' ..' ,

experiment in the Ottawa~ Ontario, re~ion23 in 1981 and
j

1982 found that, qecreasin.g, 1fpe aI:l.~llal,n;umber of inspeqtions
!

from 12 to 7.5 did not! influence the "proportion of, ..' ~
i
j ,

establishments showing defe9~s It;.howeve;, as the authors

The Seattl~-King

comment, there maY be a thrfshold or saturation frequency
i

.,.inSP~Cf.ions

"oyerk.ill" by
" r'

i
:

. j

i
j
i .

22 Bader M et al. A stu~y of food' service establish-
ment sanitationinspection~requency. ,American Jourqal of
Public Health 197"8;68:408-4,10. .. .

which more do no mor~ good. Bothbeyond

intervals seem lik~ Columbus standa;rds.

!

23 Corber S et ala i Evaluation of the effect of
frequency of 1nspect~op .Jon,the. sani tary conditions of
eating establishments.'" Ca~?dianJournal- of, P'l,1blicHealth

1984; 75:434-438. J' .
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There have been few I attempts documented in

literature to use anoperati6n's inspection/:history
i

basis for adj usting the; "treqpency.
i

Kaplan and El Ahraf's

custom inspecti01 frequencies was

They were among ft~e;;< 'first to advocate this idea.
I

Zaki et al.6 also suggested !:ft "in 1977~J

Frank Bryan24 suggestied"the use: of food-property,1
!

andc!average-daily--patronage
I
!

coefficients to customize"iIispection frequencies.I
i
i

, "I , ""

system, foods that have' "imost often beenvehi~les
I '

foodborne illness, suchlas iI-oast' beef, ham, and turkey,
I

receive a value of"5;foods'iunlikely to : support microbial
j,
'" "'," , '

growth because of a '" water aqti vi ty below 0.85 or a "pH below
!

idea of

above. 12

discussed

food-operations risk

In his'

of

, ,

4.6 get a food-property rls~ caefilc'i'ent of "1; and other
I

foods with an intermediate Ir'iskget intermediate '!value~.
i ,

Similarly, risky food prdCessing '$teps, 'such as room-
!
i

temperature storageL' of' pote~tially hazardous 'foods, ," receive
I

a food-operations risk c0e1f'1'cient 6f' 5; 'safe practicesI
J

like normal storage oticannEkifOodsgetacbefficierit of 1.!
!

The average-daily-patronage!r1sk coefficient ranges from 1,
I"
i

for an operation Wi~h +00 0, fewer custo.~ers~ to 2.5, for
one with more than 500~r ~Y;'''o It'" is ,,' c::~lcu;Lated for each" ""

I!

24 Bryan FL., Foodborne.:J~j.,$eas~' risk ,~$!3essment
food- service establishmentl\l''iri ai community~ 'Jou;-nal

Food Protection 1982;45:93-tOO. ", '

of
of

24

the

as a
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i
!

menu item from the average mimber of uni.ts. of. the item

25

sold

Bryan recommended placing eaq:h operation into one'- of three
!

categories basedon the comfosi,te risK 'index.. Those in
I

Category 1 "deserve a thorougll hazard- analysis 'from which
i

control. points!: should, be:
I

monitored." Category ~,~nClfdeS taverns, for whiqh only an
I

annual permit-renewal in$pecF1on is due.

A strategy developedint~exas, by Briley and Klaus25
!

accepted Kaplan and E1Ahrafl' $- idea of, custom" inspection
J

frequencies, and used rRrya*s,,"food-property, and average-
I

daily-patronage. risk coeff~oients.They decided Bryan's
I
I

critical determined and

food-operations risk coeffiqients
,

;

were
-

too. difficult and

time-consuming to calculaite,p so,,.:they, replaced them with an
I

ordinal scale based on the 1verage score from the. previous
I

For;l ; I example,"
, I

;
5 inspections. the highest-risk

establishments, with 0mean, siores' below 76.49, .received the

value 5; operations with'me~~Score$ above 94.49 received
i

the value 1. ThesB-.8Verage$, were calculated from'" scores
I

~! <,
i

25 Briley RT, Klaus EF.i Using risk assessment as a
method of determining inspection frequencies. Dairy and
Food Sanitation 1985;5:468-474.

i
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i

from a recent Period: when ,Ja11.. :..;Ope rations' were' ins p ected
I'

wi th the same frequency.;;.T11.e¥ consid!!red the;food-property
I

risks to be additive;b1it tJi,e ov.eralli~iSikpotentiaJ.'ror an

operation was themultiP1,cative'; effect of the three
I

coefficients. Inspection,' llJ,tervcds" ranged form .'. 'monthly to
1
i

semiannually, based on thi's.+~product.. Th'isi:IDexas study used

inspection report scores ctoo minus" violations, 'weighted
I
i

by risk) as the'outcorne. mei;l~ure.
j

Briley and Klausmanip*lated the inspection intervals
I
I

(the period between visits) 1 using ~PIF,:j the' same computer
<

system the Columbus. Healt1!1£3i.)Department's i . FooQ P,rotection
!

Program uses (see the'seati,n OIl ,Data {below)...
i

For each

food service they compared the: Aaver~ge . 'score
!

from ,the 5

inspections before the,,; studtPetiodj'k&S a ba$ellne,'. '. to
the

average score from allfd..nsptcJt.ions" during, the'study period,
I -

and to the average score fr~1tI the: last;5ii:inspec'tlons 'in the

study period. Among ,thetth~gh"'riskJ" establishment.s" whose
!

frequency was increasedJij"fro~ ence:,eve:ry, 3 months to, once
!

every month or every other ~ontb, both sets'of mean scores
i"

increased over baseline,..f2)~here'was" no change in tne other
I

, I

operations during the'study!period. The system. was. self-1
I

regulating: if an, operatio~,~s score;would fall" it would
I
I

I

receive more frequent insp$ctions, causing its score toI
,
:,
i .rise again.
"; . ,. i'i.
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Also in 1985, Wodi and Mil126 recommended the use of a

"complex combination mathematical approach" formula to

calculate an inspection priority score based on a predicted

risk score derived from the last two inspection scores (and

especially the last score), critical items violated during

those inspections, and the populations at risk at the time

of the last two inspections. The priority scores were

decimal fractions. Each sanitarian was to

the unusual comment that "standards, based on site

inspections by sanitarians, are fraught with major

weaknesses because they assume the food service manager is

capable of maintaining the establishment in compliance with

the health department regulations between inspections," and

goes on to recommend manager certification, the certified'

manager being "an extension of the health department." The

authors responded that if certification improves inspection

results, this consideration is already included in their

model.

26 Wodi BE, Mill RA. A priority system model for
sanitation management in food service establishments.
American Journal of Public Health 1985;75:1398-1401.

27 LaBoccettaAC. (letterre:) A priority system model
for sanitationmanagementin food service establishments.
American Journal of Public Health 1986;76:709-710.

inspect the

operation with the largest priority score first. A

subsequent letter to the editor27 about their article made
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Scott County, Iowa, has been using a hybrid approach28

to schedule food service inspections for the last five

years to avoid what might be called "management by crisis."

Outbreaks of foodborne illness, frustration with "the same

establishments repeating the s~e violations," and a

general failure of some operators to acknowledge the

seriousness of their problems motivated the department to

go beyond informal hearings and increased inspection

frequencies, measures they felt had been applied

selectively, "with each situation being dealt with

differently."

'-

some 570 establishments, 14 low-scorers began receiving

bimonthly inspections. The state code also requires that

operations with two consecutive scores below 76 be posted

with a designation of "poor." Finally, Scott County

developed a protocol to apply progressive enforcement

(letters and conferences) consistently. Fifty-eight high-

scorers received blue ribbons, favorable newspaper and

television publicity, and one inspection per year. The

rest of the operations stayed on the state-mandated

28 Moore GA et al. Food sanitation enforcement.
Journalof EnvironmentalHealth1990.; 53 (2): 17-18.

'-'

Scott County categorized operations by the average

inspection score over the last four regular inspections as

high (95+), mid-range (80-94), and low (79 or below). Of
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inspections, restaurant employee training, and "in-depth"

explanations of violations in the low-scorers.

Microbiological approaches

Microbiological approaches to food risk control make

up the fourth group of inspection strategies. A group of

researchers at the Suffolk County (New York) Department of

Health Services attempted to integrate a microbiological

-- sampling plan for potentially hazardous foods with the 44-

item FDA scoring system (based on a 1974 version of what

presumablybecame the 1976 Model Code). Zaki and co-
6 -

workers found that the bacterial counts of 100 samples of-

perishable foods at the time of sampling were not

storage or display

F.), the presence or

or the lag between

production and sampling. (These results are perhaps not

surprising, considering that counts are artifacts of the

quality of raw ingredients and of handling, especially

time-temperature control, throughout the product's

history, rather than just at the end.) Nevertheless, the
/

biannual schedule. The department's three food sanitarians

saved 46 hours with the reduced frequency in the blue-

ribbon restaurants, and spent 44 extra hours doing

significantly related to their

temperatures (above or below 450

absence of critical violations,



used high counts to compliance.encourage

mention costs.

Anderson al.29 found, in

30

"-

microbiological

bacteriological

because they

They did not

that the

logarithms aerobic counts

contrast,

of mesophilic

et

plateof the

bacteria in 366 cold food samples from 175 servicefood

establishments increased linearly with the temperature (260 .

F. to 800 F.) at the time of sampling (r = 0.79, P < 0.05).

Only 64% of the foods met minimum temperature

at the time of sampling «

0
45 F. ) .

requirements

the samples had counts exceeding million

Fifty-eight percent of

colony-forming ........a

units per gram, an often-cited arbitrary

comment that their results are consistent

standard. They

with those of

problems with standards

other similar surveys. Anderson et al. describe some of

foods, andmicrobiological

suggest that repeated sampling at specific

during food preparation might be useful in

(Their study also considered the pH and

preparation and storage of the foods,

discuss these parameters further.)

the

for

control points

setting limits.

the method of

but did notthey

29 Anderson PS, Rutenberg GW, Bowen NL. Assessing
food quality: the difficulty in establishing
microbiological standards. Journal of Environmental Health
1989;52:79-82.

'-

researchers urged the development of

criteria for foods and the use of

monitoringof potentially hazardous foods,
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It is interesting to note that Tebutt and Southwel130

found no correlation between microbiological results and

visual inspection ratings in food manufacturing plants in

Britain. There was one exception: a relation between poor

personal hygiene and the presence of Staphylococcus aureus

in dairy products. Their inspection ratings included

parameters reflecting overall appearance, personal hygiene,

risk of contamination, temperature control, and training

and education.

Conclusions

The discussion in Chapters III and IV leads to the

'~-- conclusions that poor inspection results are associated

with increased foodborne illness, and that several

strategies may be effective in identifying higher-risk
-

operations and improving their inspection outcomes.

For more than half a century food sanitation programs

have been controlling foodborne illness. At first, the

rules and the organization of inspection programs were

based on the theoretical links between food sanitation and

public health. Gradually the theories have borne up to

testing. In spite of the difficulties inherent in outbreak

',--------

30 Tebutt GM, SouthwellJM. Comparativestudy of visual
inspections and microbiological sampling in premises
manufacturingand selling high-risk foods. Epidemiology
and Infection 1989; 103:403-475-486.
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reporting and investigation, evidence has mounted that

restaurants are more likely than markets to cause illness.

The presence of potentially hazardous foods, error-prone

proces$ing steps, and size (or average daily patronage) can

further stratify risk. The profile of the dangerous

restaurant has been emerging more and more clearly as one

with low inspection scores and a history of food protection

(especially time-temperature) violations. Food program

managers have mostly just assumed the validity of these

risk markers; limited data has, however, supported these

assumptions well.

Strategies for improving inspection outcomes have

stressed increasing inspection frequency, but little work '-

to establish optimum frequencies has been reported.

Microbiological testing regimens are probably most useful

Environmental Sanitarians' Committee on Communicable

Diseases Affecting Man has also recommended the use of

HACCP evaluations as an effective enforcement tool.31

Letters, hearings, adverse publicity, food embargoes or

seizures, voluntary closures, and permit suspensions are

31 IAMFES. Procedures to implement the hazard analysis
critical control point system. Ames, Iowa: IAMFES, 1991,
p. 34. '-

as part of HACCP evaluations. HACCP, manager

certification,and other conceptsmay be useful educational

tools. The International Association of Milk, Food and
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probably also

effectiveness of various

effective, butvery

probably never been measured.

-'---.----

enforcement

the

33

relative

procedures has
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i

Mefthods
!

i

A general description 9f CART will be followed
I

brief overview of some of i~s special features.i
i

these are described in Appendix L.
:

in this study, particula~lY SAS procedures,
I

by a

Many of

Other procedures used

will be

discussed.

CART

The

I
I
i

CART (Classific,tion and

methodologyl,32m4kes binary

Regression Trees)

computer splits on data to

form a prediction tree.

I
I

Eaqh node of the tree represents
I

a
i

question; data points for wqich,
the answer is "yes" are

assigned to one branch, and ithe "no's" are assignedI
I

to the

other. The leaves of the t~ee are
!,

called terminal nodes.

CART determines the questiQns! by identifying explanatory

variables whose values can !best
I
i

discriminate between the

values of the outcome variable.
I
i

For a continuous

explanatory variable, it then identifies the cut points.

Nodes farther and farther f~om the root node get more and

32 California Statisti~al
CA., 1984. [software] .

Software, Inc. , Lafayette, .

34



j
I

more concentrated, or pure. j

I

I

As a rec.ent "review l.of.':..
i

statistical methods comment~,~f
. i

j

35

newer computer-intensive

methodology, free ~from ..' 1fhe '1tIathematical
;

requirements of famil:iarFstatistics like means, 'standard
I,

hypothesis t~sting, analysis of
, .' if" '

) . ..t '.. >

linear regression, etc. I:' ,

A remarkable ~~ped:~4~'and its,far~nner, the
Automatic Interaction" .n.et,ctor,'program, (AID) , 34 is the

, <Ii 1.1~' "j ".. ';

small number of variab~es~.quired to~rovdde insight into
. .. ... ".' I;" ~

a seeminglycomplex prOblem,~J In 'a,Inultivariate study to
..,::' 'h ' '. .,

5"..,'" ,. . 3
identifyvariablesuseful'i:p.;predicting teenage,,~ smoking,

, , 1 '-0',. ,

for example, AID n'eeded only three variables'.
I

I

j ,

I

~ ';.

j
i

j ,

33 Efron B, Tibshirani~. Statistical data analysis in
the computer age. Science 1J.991; 253-:390-3.95..

I
I

34 Andersen R, smed~ ':'B,.. .iEklund:G... Automatic
Interaction detector progr~ for analyzing health survey

data. Health seriv.:ices res~arch 1971; ,s.ummer:,"~165-183.
I

35 LaneseRR, Banks. FR,lKeller MD. :. Smoking ...ibehaviorin
a teenage population: a m~ltivariate conceptual approach.
American J,ournalofBubl1c,'faeaJ, th. 1972; 6 :807 ...8~3. '

I
I

I

tractability

deviations, variance,



Johnson and'"

i
i

I '3

I

WiChern!s ..,textbookj onmul tivariate
a U$e.fU~' ,chapter on, 'discrimination and

36 '"

methods37 contains
i

classification. It discusses some' featutes common
,! ',~, ,

systems, such as the'useofla "learning.sample"'to

to all

develop

the classification rules.. '. i
i
I.,
".!. .

CART has several op~ional ways to estimate how

misclassification.is to beiissessed.
i

One "is by1t1eans of a

test sample, '.different fromi the learn'lng sample..
I

more accurate method is Wha~ CART calls, "cross-validation:" ,

]
j
,

;An even

It works by dividing tpe data into ten groups of
equal size, building tpe tree on 90\ of,. the data,
and then assessing t~e tree's misclassification
rate 'onthe remaining ;1:0% of ,the data,. "This is
done for each of the t~n groups in turn, and the
totalmisclassification<raters"computed ,. over.the.
ten runs. The best tree size is determinedto be
that tree size gj"ving~e;lowest, misclassification
rate. This size is us~ in constructingthe final
tree fromall the data!., .,(The :crucial'feature of
cross-validationis t~e separation of d~ta for
buildingan~ .asaess1ngi the-"trees: ,'each one-tenth
o~ the data !2ts as a ~est sample for the othernl.ne-tenths. " ,j " ' , "

1

I

I

CART, as is atandar~ in
allows the assignmentof different penalties tor

I

I
I

kinds of misclassificatlonAccording to the real
, 'i" , .J ":.' ,

the misclassification.'" ,";lp~ .this
i

misclassifying a violator a~;!anon-violator' was,
.t q" "

be the risk of an outbreak"bf foodborne illness
I
I

violation. The misclassifi~ation costs,were kept
. ' . "

as possible to :theodda 'i:a1tj10& ,g1ven:1nTable 3.,'t
i

classification systems,

different

cost of

study" the

and were

cost of

assumed to

from the

as close



37
,
i

always withinthe confd:denceifcinterMals given. by" Irwin et
i

ale : 10 (95% CI, 2-46J,":tor!iJ:ftiSClaSsifYinga violator of
the rule against time-temp&rature rabuse of 'potentially

j

hazardous foods, and '.4 <pS% Cl, 1-11) for inspection
I

failure. (The Columbus' Hea~th Department's criteria for
i

"failure" resemble theirs fop "unsatisfactory" or, "suspend
I
I

t
I
I

t:ij
i
!
II

I

The data used in this ~tudywas originally recorded
i

using a Burroughs mainframe, ~t',Ci ty HalL. The Data Center
!
i

copied it onto a tape ,,,w;i;tb'np further manipulation..
I

A program called JMLaSB~~~,developed- at the Political

Science Department at Ohi~ State,36 copied the data from

permit.")

Other procedures -j

the tape to disks. I
i
L

The analysis was begun! using various procedures in
, ;'"

37 ," l'
SAS to manipulate the datal and transform it into a form

b.:~
I

CART could operate on. The ~ork was done on an IBM 3081
",-i

mainframe computer at the ','j'osu Instruction and Research
I

, !,,~,

Computer Center, which was r$named the Academic Computing
i

r -f

Center in 1990. limitations in sort space

available, it was process the study's data in

Instruction and
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thirds, one for eaoh;! aqministrative
1
i

subdividing the EnvironmEmtql'Health-Division.
,,
1

the 3081 was scheduled, tOt-'b,e:.' replaced;early
1

provide more disk space. 'T~e final,data,set

unit (District)

Ironically,

in 1992 to

from the three thirds in/a', fourth step.

similar to those used'. fo.xr, , preparing the

District and for making the data sets used by CART are

included as Appendix H and ~ppendix I, respectively. (Most

of the system messages at the beginning>"have been. deleted
!

from each jOb.)

An important fe4ture ofithe ,SAS,jobs used to '.make the

district data shows up in Appendix'S
j
I

DATA WEEDED;'.:SET,WEEPWQRR;
!
j
i.
1

This feature allows the program to delete
i

at the line

all observations

after the last violation o~ interest for all - operations
tD~ '

that ever had the violation~The run in Appendix H deleted

all inspection records afte~ the last failure; similar
j

" i

runs

inspection records, one usi~g the last inspection and one

using the last failure, to IPake this distinction clear.
:j..;
'j..

visible

was compiled

SAS.,routines

data for one

deleted all observations atter the last time-temperature
i

violation. This feature ca be turned off easily to use
.

i

the last inspection for ea,*h establishment as the index
i -

observation. Figure 1 sbows two identical series of
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!'~-
:i
1
1

!

THE LAST i~SPECTIO~'VE~S THE LAST FAILURE

.,',r
J

EST.tO. DATE FAIL
f .,

6734
6734
'67~
6734

!

'f' r t.

FIGURE 13.

ESTIO DAT~.

6733 5/14
6733 .9114
6733 11/2
6733 12/1

FAIL

0
0
0
0.

5114
7116
9110'
12£1

A. THE LAST INSPECTION IS UNOfRl.INED.
;
h
I'

I
I

.EST~D . pATE
I .

673~ 5/14
-, 6iJa 7116

~
J 673';4 12/1

i
8. THELASTfAILURE IS UNOERUINEO.

I
I
I
I
!

. \

ESTIO DATE f~IL

0
0
0
0

6733
6733
6733
6733

5/14
9/14
1112
12/1

--

,

ESTlO DATE FAIL

0

;1 '..
1
0

6735
,6735

6735
6735

112
5/2
B/9
1lli

0
0
0
1

..

FAIL ESTlO OATE FAIL

0 6735 1/2 0
1 6735 5/2' .0

h 6735 8/9 0
6135 1211 1
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DATA OUTCOME PREDICTRi !SET WEEDED;
IF LAST.ESTID THEN OUTPUT OUTCOME;

ELSE OUTPUT PREDIC~;

!

This feature separates the last

BY ESTID INSPDAT3;

inspection (or the last

inspection used in the analysis)
i

for each operation from

all that preceded it. Th,en!~~y new va:r-iables,such as the

number of regular inspections in the 5-year period covered

by the study, could be calculated for each operation using

just the "predictor" ,

!
; .

;inspec,t~ons (and licensing

information). Finally~ wijen all the data
,,' l

record wit4 Ithe results of
I
j

sets were

combined, the the last

inspection (or the last 'ione used) also contained
- i,

summary statistics calculat~d from it~ predecessors.

the



,C~!VI

'Variabl~s ""4:valuated
;
;,
~.
1

!

This chapter begins'wi1fh a descr:rption'of the' sources,
i

the data used. ~ts tsecond 'section discusses the
of

.

Columbus!HealthDepartmen't"~-~'most.important variable for

classifying food operatioJs, 'the' inspection interval,
i
;

corresponding to the three ~road ,; categories of operation.j
i, ,. '

Next comes an explanatiion;'of-each~ j of the other variables
j
!

used in the analysis, l"flrstithe-outcomevariables,'then the
i

predictor variables (in .pproximatelY''their' order
!
I .

importance, as 'measured~by 'ART)~ Variables are ' listed by
!

an abbreviatedname if an 1~bbrevia~ion was necessary to
i
i

of

label a isplit;the names 'us~d~for computer"coding are given
I -,
!

The lastt'-itwo" sectionsJ 'cover, variables
I
!

examinedbut not used in a tree, and variables that were

not even included,irrJtheA"an~lYS1.s for various'reasons.
i
j
!
I
I
j
I
t

The Columbus Health Department~'issues about 950 food
I . ,, .
j

establishment and 3,527 foo~ service licenses annually in
I
!

in parentheses.

Data sources

Columbus and Worthington
'.l,..,,>

( ~blud1ng'-' 'temporary food
.~ ". L "

j

1

i 41

I~ .;~ ;

services

..
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and multiple licenses at ~ome
i
i

the Department bega.,n::",",':u~~pg,

sites}.38 In February 1982

the Sanitation Programs

39
system.

set intervals. SPIF ,ari:~ts l~sts :of
I,

estiiiblishments,

mail inglabels ,foruhi~'~1ter~y;<anc:l o;~Ae:I"
I
i

datiii tp help the

clerical staff.
i

The dataset is:.;incpmp,+,~ in;~wq,;;:ways. .Data entered

earlier than about,fiY_t¥ea~s.:ago wa~.,puX!ged to s{tvespace.
I

Also, the program t.hePf!-a,~,ci~I11:.er '.use,d ;,todqmp . da.ta to
,

,

tapes seems to bav:eiha~)aptQPl;~mpf
. i

so~e,,,sQrt:,. :,,resul ting

in many inspection rec.ord.s.,,, 'i. "
i

wi thout~;:PfOf1le, .fe(\:oras to

match, and v ic~-ver.,.~: ;h~r~ Wi!re ,29,795"" inspection

i

38 Moore'RA. Columbu, City Health Department food
service iprogramadmini,~rft~¥e&. ..f4:eld san1ta.tion survey.
1990: Ohio Department of! Health [unpublished program
review].L,;

I

39 Guerin JP, Kee~ip9 H.,j System c:locuItJ~I)tatioIl~' Vol.
III of sanitationprograms ~nformation formulator: user's
guide. Washington, D. C~: u. S. Food and Drug
Administration; 1975. i

40 Hutchinson R, personat communication, May 14, 1990.i



43

!

records, but 1,937 had no ma~ter record to match; and there
I

were 3,795 master records/fof which 929 were unusable

because there were no matchifg inspections.

929 were licensing info~tion for pools,
'1

commercial sewage facilities!1 so they did not belong here
. ~. , "

!

anyway. 376, or 40%, ofth1 rest were for food vending
i

(288 of the

spas, and

machine locations). Howeve~, 'there did not
i
I

any relationship betw~e:p.:.1~f~si:l;1grecords,

appear to be

a,nd outcome

I

The inspection records !analyzed here cover the period
I

January 2, 1986 to December 14, 1990.
j

number of inspectionsin each year the data covers (not1

including two records Wit~ "year" miscoded).
,

I

Figure 3 breaks down the last inspection for each operation
I
I
I

(One had "yea~" miscoded.)

missing inspection records ~rbusiness failures.I
j

The SPIF system uses, four data files, described in
Unit 11 of the SPIF ma~ual.39 This study will use the

1 '

Master File, in which,each card.represents a Profile Form
1

i
(Appendix D); and ,the Inspe~tion File, the most active file

: I ' ,

in the system, in which eacp card represents an Inspection
I

Report (AppendicesA and C)~ Appendix E is sample license
I

applications. Note that thr profile form contains all the
i

information that the Ohio DjPartment of Health requests on

the applications. In thi1 health department the operator
J
;
i

variables.

Figure 2 shows the

Likewise,

by year. It may reflect
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"

Cum. Cum.
Freq ,Fret; Percent percert

6830 6830 22.95 22.95

6265 13095 21. 05 44.00

6588 '196,83 22.13 66.13

622,6 25909 20.92 B7.05

3854 29763 12.95 100.00

Cum. Cum.
.Freq Freq Percent" Percent

677 677 11.11 11.11

724 14tH 11. 88 22.99

918 2319 15.06 38.05

1550 3869 25.43 63.49

2224 6093 36.49 99.98

6094 0.02 100.00



i
j

J

I

,i
I
i
i
I
J
I
I
i

normally does not comple;t~,: lhe .application", itself; except

for the date and signature; ''instead,. .sanitarians or clerks

collect the information on;, a jpro.file' form,.'
I

1

-1
i

!

i
I
J

The inspection intervr1 (ninspin ft,) , , 'in the Master

File, is the recommended dntrrval basedon",potential risk.
i ,

It is continuous, but;is"us~~lly,'used~,,"as ordinal 1..(ordered
I

categorical), and ds usu-all~ '~20j .180" or" 360' days.' The

Columbus Health Deparrtment:, fmUltaneOUS1Y ad'apted.HACCP and
a variable inspection freq~ency scheme. ;, wi th" these threeJ

i

frequencies, based'informal~y on the potential risk each
I

category represents becau~e of the type' of ~ood
i

processing and theclieIlte,li!:Jepr~d. :rhus "it incorporates
Frank Bryan's ,risk co.efiici~nts( see" page 24'}. Appendix G,

J -
"Risk assessment of£ood'" ~erviceop~rat1ons, ," gives the

j
,; & -.. ::~Jt

~ t

, J
I

In a nutshell , .,~fuJ.l~menu,: restaurants, are'to
," I

inspected three' times per' teaI;'~'" .Fast-food establishments
and Food Establishments '(1.th~t.,is,,!u'I,markets and' carry-outs)

i
j

are to be inspectedtwie~ apnually. Bars' and coffee ,shops
i

are inspected annually,,<, tbef.i.inimum frequency permitted ~y
! '

state law. Food vending., maphine' locations are classified
. j

Wl. th maJ;kets and carry-outsj: dne- to .their excellent" safety
i
i

record, and are scheduJ.ed,"'~O receive, annual "inspections.
r

j

i

45

Inspection interval

and

actual criteria.

be
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(See pages 9
\

i

and ;10 ,iip~ges''i ,16...17/
!

and page 50 for

additionalcomments ab()utT f?()'t 'vend,ing machines.J It ~ makes

sense to analyze
,,

these ,th;ee
,

groups separately, because

they ~ different. But a~other, perhaps more compelling,

reason to separate them is ito avoid same cont'usion' that

would result otherwise. Vatiables such as
i

the number of
i

extra regular inspections ~eceived,
i

recent interval between\ins~ections,

the, average ,or most

the average duration

of inspections, and ev~n thCfnumber of previous violations
i

of a particular kind, wouldlal'l',have different meanings in

these different groups. ij:,
i

Outcome variables

Time-temperature,/vio14tion ("timetemp't)--vio'lation of

section 3701-21-05A
j

of tAe Ohio Ad.ministrative .'Code,

signifying inadequate, temp,rature control 'in potentially

hazardous food. Violators xilayalso have,~,other
j

critical or

non-critical violations"or a score below 90.
:

Inspection failure,. ~,("fail" )--Officially,
i

this, is

impossible, because nei~her1the Ohio Department of Health

nor the Columbus Health, 'jDepartment has an official

definition of "fail." Hd,wever /
!

our policy requires

sanitarians to schedule" a I'~follow...up'inspection whenever
i

there is at least one criti9al violation {including a
i

temperature violation} or tie score is below 90.

time-



Critical

I

I

I

I

j
.I

I
I
I

Violations~are1markediWith

47

an asterisk (~) on

foodborne illness.

.These.. itemsthe inspection forms

are widely believed .outbreaks of

causes of

outbreaks, such as , 'I'abler--l,
1

a ,)relation between these

practices and outbreaks,is b~ologically p+ausible, and manyI
jI

of them were implicated: by' t).1e7..Seattle study.
i

The item labeled "fOllor-Up"on our. inspection forms
I

probably matches :"fail':..q~i1f',c!.os~~Y-.. 'But.~here are some
i

differences. If, aLcr11'-ic.al jvioJ.f.,ticm,"is corrected on the
I
1

spot, the inspector may not"f..;antto . sche<iule a follow-up
I
!

inspection., : When "fO;Llow-¥~,-, is nyes,,'~ S~IF lists the
i

operationona monthly ,de¥:nquent lis~"",and supervisors
j

investigate. On the other~ hand, department policy also
j

requires a fOllOW-UP~J.,t't,h~~, ~r~: "chronic~, repeated
violations," .but this wouldjnot." necessarily mean -eri tical

i

violations or a score below/gO.
I

, I'~ ",,,,". ,_.,.,

!

. ,

i

I

interval '.t''',be~
i

average'-( ari thm$tic mean) interval:,
I
!

Predictor variables ;, ,

Av.§!. ~nsp's, i{"avinint2")--the

operation's in days,

between regular inspection~fover the ',.calendar year before
j

the inspection used, in the"fne.1Y:$iSi'.{indexinspec.tiOn)i.i_.
SD of scores ("scor~var")--the standard deviation of

. ! t'1, ;i ,'. , ;.', .

the operation's scoreSlfin af~~~,;l;U~Pj!P.tio.ns C)ver the, calendar.I

j
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year before the inspectiq»nused in the analysis (that is,i

the index inspection).

(No.,)extrainsp' s in prev. ~ ("extra"} the number

of extra regular inspecti~n~theoperation received in the

calendar year before thejinspectionused in the analysis.I

A full-menu operation normally receives 3: inspections per

year, so "extra" would be>"~" if, such, an 'operation were

inspected 4 times. ',;

Prev. insp. (no.); day. SWQ("datedif" )--then~er of '

days since the last regu'lari,'1nspection;. The most recent

interval between inspection..

(HQ.J prevo ,4A,: etc ('"'sum4a,... ,sum18d" )-..the number

of times the operationviol"ted each of the441temson 'the

inspection forms over the, 5+year study period.

Ave. duration {'DO.) JJ11lli (ttavintim") the average

duration of
j

inspect\iona ~n' the year: before the index

inspection.
I
! "

Ave. income in UR ~ ("zipincom")--thiswas a very

crude estimate of householdiincome.I For each zipcode~ the

median householdlncQmeJ inlthousancis of c1oll.arsI from the

1990 Census) in eaChee~aus tract41 in the zip code was

summed over alleensus 'trac~ in the zip cOc1e and divided

by the number of censulJ\i.tra~ts. Some census tracts cross

;f'

41 Donne1ley Marketing) Information Services. Market
Profile Analysis Colum})us~ Ohio SMSA.' New York, NY:
Donnelley Marketing Informa~ion Services, 1991.
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zip code boundaries."

~--coded "yes" -, for "fo()d service operations, "no"
I

food establishments. i
i
i

<OJ.:

for

Vending--a food "commissary or
,

location. There 'are 1,729'~icensed' food -vending machine
1

locations; 38 individual machines at these loeations- are nott

licensed separately. -;J !"
I
j

FreQ of fail. criticalS. ~ etc--the frequencyof the
I
I ,-,

violation in regular inspectfc:)ni&:,the'ratfo'ofthe number
;

of failures~ inspections citling',critical violations, etc.,
i

divided by the number""o~ )regular'< inspections - in' the
j
1

calendar year before- the rinspection;;used in the analysis.
i

I ,

Variables" handled in this w~ylwere;' each;" of 44'' 'individual,

violations, the" 15 cat.ego~ies - of- violation ~food, foqd
,

protection, personnel, etc. ~ as listed' ,on- the 0 inspection
I
!

report) , instances of - fa1J.ure', ~,4.a - -score
,

below 90, and

marked.

inspections in which at',.;~;lecist. one - - critical, violation is
I

.q: 1 ~ ,_.
;
!
i

On one hand, this ;.t-ype'fof,)variable ~.had,',a moderately;

high importance; ,on the oth$r band; CART rare1y made splits
j

.. j, -

A slight error-!was;cjust'discovered in
I

variable: the denominator should have been 'the number of
j
i

on it. this

interest.' The meaning

regular inspections in

just the number in the



50

expression for the idea was iavailabl~ than was. used. To

the

variable is just too big byja factor of 5, the number of

years represented in,::its numerator's data. .CART works the

same on data transformed in;this way. Figures 10 and 11

have corrected labels for the splits.

Variables not used by c.pT-~ .
i

Variables indicating .>La.time-tBAtperature violation,

srore below 90, any critica~,item, or an,inspect;on

in the last inspect~op..~e;r:eip.everu$ed,by CART.

failure

,

Many variables d~s9rib,~b~low do ~ottigure into

trees presentedhere, but sqowed up in prelimi~arytrees

any

or

as surrogate splits:

Food, tQQg protect~op. . per~onuel, etc. ("food,"

"foodprot," etc)~~"ever,vioJated" one of the 15 categories

of violation as listed on the inspection report ove~ the 5-

year study period. for ~xample, if an ope_ration ever

violated 5A or SH, "foqdpro"tt-,?1would be "1."!

Commercial ("commer~")-+-coded "0" ("no") if the type

of operation listed OD: thEj! profile. was 01N, 015,. etc.

"Type" refers to the tYPEf of establishment.- Refer to

Appendix F and Appendix H, 1esp~ctivelY, for the

the exact manner of cOd!ng of the$e y~riables.

types and

the extent that the. prvous yea's number of regular

inspections was representtive of every, year's,
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I
I

Any violati~:m be~;f~.J "a~fViol!')--Ood$d "y~s" i~ the
I

operation ever h~d.,~a vioJ.ati.rtf befp';-e., BE;!lieve it or, not,,
]

some operations ,never,"' hav.e violations.. '., - ,,' ., "".' "".' .
;
1

Purpose ("purpos")--tpe purpose

inspection, coded," J..!' t:9r.::,";~9Ul~;:, " "2" for" f:ollow-up, "
I

and" 3" for all other, >pu}:pos~~,. m9st:LY inspections . ,elicited
;
I
I

by complaints. The.pu;:p,o§e ~.t. a ~ccg ev~luati~J;1 would. be
'j

coded" 3 ." (A ~az~;g ,,!Ul§lysjis uses.. ,:th~ st~nda;d inspection
I

!

of. t1?-e index

form, with "purpose:" IIlarkj~:9 ",~

violations; it also uses a Ispecial
I
I

j

(oth~"r)" to report

fprm an9 :i,.p.structions

included in Append.ix G).

Size--seating capacitYt ca~g~ries for food ~ervice
I

operations. Coded Iff" +prl,;-J.~.seats, "2" for,75...99 seats,
and "3" for over 100. ': i .

.' .":'..
j

Ethnic ("ethni " ) co,d.e~:L"0" for Ame~ica~: cuisine. (the
, , "' "'j' ',- ., ,. -

default" 97.1\ of all",.e!;tab~i:~Shments)-, "1" for ethnic but
I ' ,

not Asian (73 es.~al?liSh!¥tnl~." 1.2%), and, "2" fpr ,.,Asian

(102, 1.,7%). Th~ vari~A~ fs ba~,d on, dpta on., r~staurant

or food market ethQicityl~roman art~cle in a local
newspaper42. Some 9per~tio~sw~r~ also a~~igned. an ethnic

status on the basis of. t~~i} nCijIle. The prig:ina:J. .' categories
j

were American, Soul/Car.:il;>bt!an, {.~ eilrtablishID.jants}; French
- , "" 'I ,~ ~ .,.' ' . ,'-

!

(4); German { 16 ),; Greek",J34~; ..', In~Uan . CS) ;~,e?,Cicanl SpanishI
i
I

I .' , .

42 Nolan T"MalJ.f:!tt KI,.,., ~:t'nnic" .fgocis ,acid spice to
Columbus. Columbus alive! .~989: Nov.23-Dec. 7; 8-12.

1i
I
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(7); Middle Eastern (61; 'C~inese, Japanese~ Korean, Thai
I

( 106); and Slavic (3) ."' 'DuJ, to' missing', records' or some
.

other reason, a few ethnic" qperations could: not be included

in the analyses.
I

Neither the Columbus H~alth Department '. 'nor the Ohio

State University discrimina~e'against anyone on account of

race, religion, color, sex, [hAndicap, age, national
;

origin,

or sexual orientation. ~at&gorization of operators by

ethnic category is not intenoed to result

services of any sort.43

in differential

Variables not included

Four variables listed in Table 4--city, district,

subdistrict, and sanitarian assigned to the' subdistrict--

are not suitable for inclus~on in., the' main ,;part

For one thing," they

of the

analysis for several reason~. have no

meaning outside of Col um1i>us.' Also, the effect of

sanitarian assigned toa subdistrict'is nested in the

effect of the subdistrict, lif thete is'one '(unless the

sanitarian does inspections outside his or her 'assigned

subdistrict), and similar n,sting
;

precludes the assessmentofrthe

Early CART runs did
!

notj spIlt
on these variables,

43 Myers WC. Statemen~ of civil rights compliance for
staff [memorandum].Colu,JtlbpsHe~ltn'D~partment 1990; June'
29. . t, .

of the other variables

effect of each variable.
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j

indicating that .our food, pr99'1:am,;ls" more or:less

53

uniformly
!

,administered among the dist.~icts,. ,The average income in
!

the subdistricts is. probabl1{,'a more \usefuldimensioIL than
I

any of these other four. !

I

!

Certain variables beaIfinga .close aSFociation with

time-temperature.Yiol-atiCl1s.j.or ::fai~ures.we.re deleted 'before
J

the final analysis.' ,These. 'fariables were ., -"critical." and
i

"ever had a critical,}!~ and 'f-SCQreb.elow 90" and. "ever had a

score below 90" (in.anuy-seif ,for/.eitiler. i~.outcome. .variable) ;
I

"fail" and "ever failed betore" (in analyses for time-
I

temperature violations), anf "time-temperature" and "ever

had a time-temperature viol~tion before" (in analyses for
I,
I .

If ~hese k~nds of variables were
1

presented to CART, CART WOU~d make splits on them, instead
j

of splitting on variables 1 with real explanatory power.
J

d!

inspection failure).

j

Trees grown using this ~ype
I

representing the lastfailuke or time-temperature violation!.
i

had poor predictive power w~en tested on data representing
I
i
i
I

Some variables were rePundant.
i
i

but perhaps should have be~, that it was a mistake to
i

!
include them. "Number of ~egular inspections" ("purplyr")

I

represented the number qf regular inspections in
!

of variable and data

the last inspection.

It was not obvious,

the

previous year. But "ex~ra"
I

beyo~d
!

I
i

I

i
j

i
I
I
i

represented the number of

regular inspections those required. Because the
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three different
categorie~\>~~ of inspection interva~ were

analyzed' separately, "purpl:r.rJ' and "~tratf differed .only by

an integer, so they are' equ~valent. under"CART; "but "extra"

is a bit clearer.

"Inspectionratio" th~";ratio of the actual
I

inspection

interval to the scheduled. i~terval.
i

This variable was the

ratio of the actual and',:reeommended'in~pection intervals.

CART found the actual inter1" 1 more 'useful when

were already classifiedbY'1;ecommendedinterval.

operations

;.
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ability of a test to id~ntifY correctly those who have

th.e disease, ,,45 and ..isg;'V$o*by Equation 1. It is also the

number that test positiv~and have the disease divided by

the number with the dis$ase, or the number of true

positives divided by the~u~ pf true positives and false

negatives, and is often ;expressed as a percentage.

Specificity is the ability }~o identi'fycorrectlythose who

do not have the disease, an~ is given by Equation .2,. The

positive and negativepredi~t.ivevalue (PV+ and PV-), .: given

by Equations 3 and 4,aret~e proportionof . true positives
;

and negatives,respectivelY(cthatare correctly. identified

by the test. These statisti~s are all. influenced by the

prevalence of the diseas,. The. prevalence is the

frequency, probability, or risk of having the disease.

For a given test, the highet the prevalence, the ~igher the

Table 4. Disease states ~i;h results of a screening test.

===========================T===~===========================
Test results

I

Disease state
(predicted class} 1 (true class)

+-----------------------------------------

no ~U.sease I disease
~ +------------------

negative
positive

true; - '(a)
fals~ + (c)

false - (b)
true + (d)

+ ~ +------------------
total all without

Idisease (a + c)
all with disease
(b + d)

=======================.===='F:;:========'======================

45 Mausner JS, KramerS.i Epidemiology--an introductory
text. Philadelphia: W. B.!Saunders Co., 1985.



sensitivity and predicttv:e'vf1ue.
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Risk markers for inspectionjfailure

CART almost al;ays d~~C'~imuc~~"b'etter job of predict~ng
, .. t ;<"

failures (or time-tempera~ure violations) in the
,'L P j~~',",..t,

inspection of each establisq,ment when it used "enriched"
, I L ' i

data to form its tree, jrather than using
, '.<. ,'-'}j"",

inspectionresults directlY1 The end of Chapter V (see
, 1 i, ,

Figure 1) explainedhow SASjgeneratedthis. The trees were
i

formed using a 1,ooo-esta,11shment learning sample

these "enriched" data set~. J Larger learning"' samples
" ," "i','1 ,;" ,'-, "

have been better, but the c9mputer memory available to
!

sensitivity

specificity

PV +

PV -

Prevalence
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was insufficient to handle ;more \ observations. ..The>trees

were cross-validated, then tested with the population from

which the learning sample. ..was taken. Finally, the

algorithm was evaluated usi~,fresh data: all the. records

of the last inspection. Also, all trees presented were

grown to maximize sensitivity, that is, to detect as many

failures (or time-tempera~ure violations) as possible.

This was at the expense-of a higher predictive power.

I. Full-menu
,

restaurants. Figure 4 gives the

algorithm CART generated ifor classifying full-service

restaurants into categories jwith higher and.J.ower "ever

failed" rates. The test r~sults are shown. in Table' 5.

Appendix K is a copy of the ;output from the

to create the algorithm.

CART job used

In Figure 4, of the, 1,621 full-menu establishment

records available, the progr,amhas drawn a random sample 'of

first box at the left as N, :n, and p. The first

on question 1, "was the staldard deviation
of

scores in the previous year above 1.95?"

establishments for whom the. answer was "yes,"

failed the index inspection.; CART labeled these operations

as failures; the "+" indicates, therefore, that the 398

1,000 as a learning sample. The sample contains 52

failures. Due to sampling error, the apparent failure rate
I.
1 .'

was 53%. These last three
'
statistics shown in theare

split was

restaurants'

Of the 573

398 (69%)
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failures can be counted fS correctly,id.entified in

sepsiti vi ty calculations. 'rfte bar. .at .the right. end of this
j

top box in the figureindicat-esthat this was- a terminal
I
I .

node: it was not. split. ,furtp.er The 427 with a score SD
!

of 1. 95 or less were split f}1rther:.; . '
j
I

Not having ,hact.Any e~itra, inspections :in the year,
i

before the index inspection Kt.hat,..is" having had only the
1

fUll-.nu establishments. normally
.1

j

receive) split off a group ~f 159, with a:54% rate', which
I

was not~ split further, and~ aj 1::g.roup of 268,. con'taining 44
j

that fail.ed. One hundre.dJ:,s~}1en1:een restaurants, with only
i

3 failures, were .removecLinjthe third $plit:, 'they had an
i

average intervalof more th~n 241 days 1.between inspections.
J

A fourth and final sPd-itff.P~~'b.be remaining 151 restaurants
!

resulted in separationof t~e 27%-'failuregroup ipto a 40%
i

group and .an 8%. g;:oup. Resrurants receiving'''2 'or 3 .extra
inspections had the higher qhance of. failure..

I
j

Here is what all'this ~eans:,,'higher. failure rates are
j

found in fUll-menu~testaura*ts with a score "cSD above 1.95
j

(69%), OR ones that had no extra inspection'(54%}, OR ones
i

with an average interval )b~tween ~nspections ,of no more

than 241 days AND 24,.or ,31 extra' inspectioQs " (40%). Any

terminal node ~,aft-er ~ thec,I first can be' thought, of
I
i

representing an interacti1pn~.i"For
,

J

restaurant node ,had.,reJ..ati;velyconsistent scores AND no
;

three inspections

as

example, , the 159-



extra inspections.

This result generally makes .sense, but. is

counter-intuitive. Resta1.lr4n:ts:.~ wi.th ;4, ..variable score

not. under effective. control~':,and might be expected

problems. I f not reced. ving"\ one: or more 'extra inspeotions

is a risk marker for failur$, the inspections are

doing what :they are"suppQSe~i;to be doing. It.>.' is

to explain why having an;1n~erval exceeding 241 days

have a protective effect. ~erhap$ sanitarians know

restaurants will get;alopg "iJthouttan.,1nspection for

than the recommended 120~da¥"i£interval, so they skip

The precise avariables .<interact
!

the isway

difficult to explain~ r

Sensitiv~ty speC~ficity.ans1 Table 5 .. reformulates

this performance: ~ntree's terms of sensitJ vity

specifieity , based on.:,terminal groUp$. Results

learning sample are given,i. the first of the four blocks

of calculations becAuse,; are.al though they

overoptimistic, CART's "ClAs81fication tree diagram

the learning sampleresults~ In' this ',study 'lO-fold

yalidationwasalways u.ed'~or a mere accurate assessment

cross-

of the proportion of case. ,misclassified in' the

sampleithe result 18 gl~en:in'thesecond block. The

block gives the perfo%',JDAnce.r-.us1ng;allthe "enriched"

not just a sample of1t. 'JJ~1smay be the the most

60

partly

are

to have

generally

difficult

would

which

longer

them.

little

and

for the

always

shows

learning

third

data,

accurate
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assessment of the predictive Ipower'of.the 'tree. ~he fourth
i

bl.ock gives the results.t~when Ithe tree formed with the large

number of last failuresis,ttsted on the series of last

inspections. ~hisisthe,mo,t"realistic situation',but the
!

much smaller number of !failures may have created
I

instability.~he next "chaptfr.comments on this problem.

Although alL of,thejte:rdninal.nodesin Figure, 4 containI
,

both failing and. passing e$tablishments, CAR~ .identifiesI
I

each terminal node as ~"pass"!"'o+"fail. n Beca~se tnree of

the nodes were classified, as! ;~fail," indicat.ed by the 11+"

signs in them, their fa~lur~ can'be added toge~her
!

to get

the number of predicted"fa.ifres: 398 +. 86+ 36=
I

~his is . shown in' the' ifi~st .'block in, Table 5 at

intersection of the second I column and seaond, row.

520.

the

The

algorithm missed 8.,true t'aiiures (3 +.,5).
,This is shown at

the intersection of the..secqnd column and first row~
!

the tree's se~si tiyity,( bas,d' on rterm.inal' groups in

learning sample )1s 52~/528J =,;;.,98%.':Vhecost, of suchI
. I

Thus

the

high

sensitivity was a relativel-r.lOW-SPeci.ficity, only 36%.

The sensitivi~y and, s~ecificity. acco4'~ing:,to cross-

validation .in the l:iiO.oO-rtastaur:antlearning sample (the
I
i

second block of Tabl.e.i 5), w1=e,,'r96\:, and 39%, r.espeC1:i,vely.

These are more accurete.".stafl-sticSifo:: the. learning sa:t;nple.
,

The fourth .block in Figure,:5 shows th.s re.sult.. when the
tree was retested pn"j:;;h~original population o.t .1,621

.' :
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i

restaurantsfrom which the le,rning sample was taken, with
I

tast;~ failureu dropped oj

sensitivityhas deterioratef~to 75% with no change in

specificity from the cross-vrlidationresult using :the test
. I

I

I

How does this SChemepetform when applied to the last
inspection (not "enriched" bV using all .thelast failures)?

I

The last of the four blOCkS] ~n; Table 5 shows that the

sensitivityslips to 68%, anr the specificity increases to
I

46%. Ultimately, this was the best CART could do' with the
I
I

real problem: predicting thr next failures.

pr~dictions, on
I

in.spections after ,the The

sample.

This, then,

shows the success of a, "real-life"
i

Nine percent' !(139) of thel,621~ full-menu

establishments for which f.cords 'werE> avai'lable failed

their last regular inspecti1n (they had a score ~elqw 90, a

critical violation, or b~th). This is shown in the
I

prevalence, or probability 9f failure [P(fail)] line for
i
I

the test sample,which was ~ctually a populat'ion--allthe
I
i

data from the lastinspecti~n.I
I

The CART output used tQ.create this algorithm has been
I

reproduced as Appendix., K~
I
I

printout shows was the:numbtr,,'of regular inspections.

that CART gives the variabl. "'extra" as both a surrogate
I

and a competitor foro split !~,. ,In ,this group, "extra LE

0.5" means the same .as! .t;purplyr LE3.5"'--no. extraI
I

I
i
I

I

situation.

The, variable "purplyr" the

Note
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inspections. The obs~rvan~~~~~er who examines Appe~~ix K
r ' ',,'

may wonder about the meaning! of ~he fact that competing
I

splits are always;presef1t.,~, ~~~p'prtant aspect of these
i '

classificationtrees i~ inst~p~l~ty~ Changing one or more
,." "", '

I "

parameter setting:; can .va.stlr,change; the topology qf the
" , "I' ,

I

Clf.~~p.e~, way,
I

combinations can haye ,a,pprfx.im~:t~,ly,the ,same predictive

power. But be wary ofcc,"-full~me~u res~aurants with highly
, " ' " \ r ,,' " .. "

resulting tree. Put, othe,r variable

variable scoresl

i
j,
i

II. Fast-foqd e~~~9~i,p~ent~r maFkets. and car~y-outs

have pot~ntially ha~afdous ~P9,9~, ,but genera,lly do Iittle

processing. Th~refore, Ithey normally receive
.' !'., ' , ,

inspections per year. The ~ercen~f9,ethat failed at least

once in 5 years (42%) ~as ,less than
I
I

'",.'i '",'..

two

for full-menu

restaurants (49%).
I

I

Figure 5 gives the restlt~,,~penC~T. classifies fast

food restaurants and liC'~~S'fd ."Jood rst~blishme.nts" (FE" s) .

As before, using the last Failure, rather than the last

inspection,gives the ~est Fesu,lts.~lso, as before, the
, " '

,

first split is on,'~he i strnd.ard C'~~viation of inspection
I

scores during the year befof~ the inde~ inspection, but now
I

the cut point is 2.00., Th' ne~t ;;plit(for the lower-risk

group) is on the nUmP~r o~ days since th~ last" regular
I

inspection; oddly, th.e.,.hig~er-rJsk,category in this group
!

','"'



I

i

I

I

i

I

had their last" inspedtibnl more 'recently .I
, , I '

establishments in this grou\p;."199, with a higher (43%)

failure rate, form a termin~l'node "based on their having
I

: L""

had,a shorter average~nter~arbetween ~nspections. Of theI
1" , I: ..

remainder,the higher-risk~et received no more' than one

extra inspection. ReturninJ to split 2, operations with a
, J

longer lag since the Iast i4spection were more likely to
fail if they received 'no moxie"than 1 extra' inspection.

I ' "

To sununarize, fast-f9od establishments and markets
I

I

were more likely to fail if jtheyhad variable scores (69%
I
I "

failure rate). If the

'

8cor

l

.

,

s,:

".

~",,~~

,

'" consistentAND the last

inspectionwas within about a ~" year BUT' inspections were

usually more frequent, the ~ailure rate was 43%.' If the
I

scores were consistentAND ,he.last 'inspection was within
about a year AND inspection~ were infrequent AND one or

I

fewer extra inspections too~ place, the rate' was 51%.
i

the scores were consistent~UT thelastinspebtion was aI

\. I ", ,

year ago AND one or fewer e~~ra'inspections took place, 33%
1

I

haDle
I
i

classi fication scheme' "'cuetI'no better than

predicting the result of th~ last inspection.

prediction was correCt 6'niy! 9\:of the time.
i

rate was 7% in the l~a~, t~spection series

operations and markets'"{tt was 9\ in full-menu
i
III
I

64

Of the 461

If

failed.

Unfortunately, as 6 indicates, this

chance at

food

A positive

The failure

in fast-food
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services).

I

I

Yet the actual 1umber of
,
j

'" "

'LU,

failures was higher

he.re.

,,"
The results still se"em e;omewhat credible, because some

i

of the same risk markers sh4w up consistently:
i

scores and few extra inspect~ons.
I

j

I

1

" . I. .'

Bars. Figure GJgives the results when CART

classifies taverns, retail dfnut shops,' coffee shops, and
", ,',', ..j ..I. , '

similar establishments"accorfing' to 'risk' markers it has
identified. The variabl~ that best differentiates

operations with a fa:11ure j'in,."their' history from those

without one is, again, itpe standard deviation of the

operations' scores. From';th~ original 1tlearning sample" of
:. ..,~ './ ~'

1,000 operations with ta""23~' "eventual' failure" rate, a
, i . '. J, .

score 3D above 1.85separat~s out a 'group of 140 with a 45%
I

. ',' I. ,

failure rate. From the 860 [remaining,with a 19% failure

rate, 689 (with the sam1

variable

:':'

li.L

failure rate) cannot be
. j, '

differentiated fUrther~' ~stablishments with 'consistent
I ,

scores and an average int.e~al~of less than' 274 days were
. I "

at risk (28% failed) if the+r last 'inspection was less than

about 2 years ago. Th1s ~efminglY counter-intuitive result

has a simple explanat1on~.the 7C-operatidngroup (with one

failure) that was 'rem:vedt:i:oba~~y contain~ largely food
vending locations. CART llists'vending as a competing

I ".,

Vending locations)f<tend to be safer and
split. less



I

I

j
i

1

j

j

I

I

This scheme did remarkarlywell when used to predict
I

results of the last ins1?,~e~i~tl;'itssensitivity:.,was 76%,

as indicatedby ~able ~. 'I
'j,"
i

Risk markers for time-temperrtureviolations

Figures 7 throug~ ~1 appTables 8 through 12 show

results for time-temperatHI'~IViQl~1:iOlja, rarer events than
inspection failure, but ~:Q.ej1;.~l;>lesstill say "pass" and

. 1 ,. .

,j

i

I. Full-menu, r~~tai1~U~s~ Fi~~r~ 7 shows the

classification generated ~~Q~ the last yiolation., Table 8,

black 3, shows 1:ha1; 1:wo lh1lndz:ed ~ighty-f1ve f1l11-menu
restaurants (18%, almost. af~ftp) h4d the kind of violation

most likely to cause ~llness[~:t;°least Once in' 5 years, even

though only 2% had it as ,of r~~ last ~napection (~lOCk 4).

Again, the first split..'ftson vaI"iability, of scores,

but they had to be more ,varfable ,than for. mere failure.

Operations with a score SP af~~~ 2.75 apd a previous time-

temperature violation X ha,.~;,an ,f:!xtraordinarily high

likelihood of having; rnother--82,%. Variable-score

restaurants without .that~anferous .risk marker were ,still
at risk (42% had the vi<?la:t:~pn) if they, received.. no .extra

...1 .I

inspections. Among coq~i~ter;~corers, ones with no more
than one extra inspectiQn..an~,a:Q..~verage interval of no

I . .

I

I
I

I

66

frequently inspected.

"fail."
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,

I

more than 284 days had a.32% ~hance' of a' time-temperature
I

r
I
I

The scheme correctJ.Y;-idertified only 24% ;,of violators

in the last inspection;.;'howere:r; ,there were only 34 of

them, in 2% of the fUll...menu,~estaurants.
I

I

Figure 8 and Table 9 ;Sh~ an' alternate tree, formed

using the last inspection;dijectIY, and associated testing.

The first test sample herew,sr,the second" test ,sample for
Table 8 (notethat the true'

I

Class,.tqt,alsare identical).

This tree did better for the,last'inspection (sensitivity =
I

62%) ; however, it only"icie.nt+fiedhalf the,ever...violators
. I

(see Table 9). This one has I ~he '"adv,antage Qf ,simplicity.

Three percent of the oper4tirns. "whose average inspections

last longer than 41 minutes"f,butnone of the,.ones normally
taking less time,',were,viQla~ors"!'~aclean split. Size was

. I -

a surrogate, consistent ,Withj,the'findings of' Irwin et ale

that larger operat~ons,:,are+re likelY, to;.have outbreaks.

fi I:> ,

II. FIIst-food ",,"stab1iShml'nts;c.markets. .and carn-

outs. Table 10 ('block 3) ,hOWS that'only 153 of.the ,2,051

operations in thiS

.

i

.

nSptlC:

.

til
.

ln.~

.

"

.

in

..

t

.

ervalca1;eg.Ory (7\) ever

had a time-teIQP~rat;urehtiolation. The corresponding

prevalencein the learning .~ple fiihownin Figure 9 'was 81
I

of 1, 000 ( 8\) (bl.ock '.1q: and ,only 14 ,(,1%) had this
I

violation in the last ins.peft~on,(};).j.oc~4).CART could not!
!

violation.
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predict any of the 14. lIt; identified 91% of the

e~tablisnments that ever viol~ted this item, according to
I

cross-validation in the lea.r9ing sample (block 2), but its

retested+ w~th that same
population (block 3}was"onl~,,,4%.The predictive value of

I

a positive test was only 8'~n retest with that data.
I

Its first .split was Ion average interval
. i

inspections, withthe'higher~riSk group having the shorter,
I
I

mean interval. Operationswith an average, interval less
.1
i

than 304 days and a score '~D above .2.85 had twice the
I

time~~emperature
I
i

services (but not markets)'w~th;an average interval less

than 304 days and a score,sDjjleSS. than ;about 2.85 had a
I
I

risk of violation doubiethej'averageif they received more
than 3 extra inspecti'ons'l',!surprisingly. 'iet operationsI -

I

wi th an average .interval''in.txcess of 303 days and no extra

inspections had three times lhs'average risk. .
i '.

III. Bars. Figures ~o and 11 and Tables 11 and 12
I
I

show CART's classificat'ionojf",barsand coffee.shops using
I,

the last violation and the !last inspection, ;.respectively.
I
I

The complex tree in, Figur~'10 has its first split on
I

whether the operationisa ~ood'.1.vending machine location,
I
I

which makes sense. The nex1 split is on. the frequency of

dirty floors. SubsequentS~lits are on score SD (above

3.45) and extra inspeC'ti1ns,in the usual directions.

sensitivity when enriched

between

average risk of a violation. Food



I

I

I

I

Table 11 gages its ~erfor+ance.

sensitivity to the occurrence I of".the15 past violations inI

th~ learning sample (block 12!Of Table ,,11) was mediocre,

and its ability to detect anylof the 19 violations in the

entire population of enriche~ data (block,3) or any of the
i

3 violations that occurred i1,the, last inspection (block 4)

I

I
I

Figure 11 shows a schenfe""that seems' to be sightly

more effective, despite its ~xtreme'simplicity.

69

Its cross-validated

was zero.

This used

Accor~ing, to the: cross-validation
I

analysis in Table 12, it dettted 2 of the,3 cases found in

the last inspec,tion. It I,p,erfprmedat the, same zero-

sensitivity ~evel as the one I in Figure 7"when'itestedon the

last inspection or the..laslt riolation'
!

Risk markers for failure usi~g only information available
at licensing I

Figure 12 and Tabl:' ~i" explore the possibility of
detecting establishments",li~ely to fail without relying on

I

any inspection history. ,;ICARTd'C,OUld use a douDle-size

learning sample because" ,nlY ,7 variables I werl:! ,used:

inspection interval, vendin~.,
.

FSO, ave. income, commercial,

size, and ethnicity. (The tariableinspection interval was
I

allowable here, because nojconfusion could arise.) The
!

i

the last violationthe last inspection.directlyJ"andused

as a test sample.
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table indicates that 'itcan!bed.cne the cross...v,alidated

sensitivity is 96\ using, .er,"""'hed"'data--but, it, works no.
better than chance at predi~ting 'f:he'resu.lt of the next

inspection. This may' be satisfactory, howev.er :' more

interest would centfiar on thi!s long-term outcome than on

I

particular inspection.' No 'lest sample was used 'for
last failure.

any

the

I

The first split classi~iesoperationsother than food

vending machine' locations j'.as
I

classifies vending location, as failureaandidates if they
are in a neighborhOOi1tw1jth a median household income

II

between $15,600 and $18, 400.t But the tree' could be . accused
I

of throwing everything 1n;o la" high...haza.rd category to. be
I

sure to aatah those rMlly 'f risk<.
only 9%. It predicts""that only 114 of the 2,00.0will never

fail, but 1,321 never do. j

I
j

Ii

Risk markers tor t18e-temPerature violations using only
informationavailableat lidensing

I

Figure 13 and Table I 14, relate, to a tree whose

performance was Unbel1eva,lY accurate,.considering. the

meager amount of informatio~available to i.t. Its' cross-

validated sensitivity, ba.ed on a 2,000-case learning
I

sample from the 6,094 ,totalleases and the last violation,

was 94%, although,again," ~t was, 'not specific. But it

I

i
I

eventual failures, and'

Its specifici,ty is
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correctly predicted 58% of thr -problems

temperature violations,

when withtested

licensed



N=1000
n= 528
p=0.53

'- - nQ

yes

N= 573
n= 398 +
p=0.69

1. SD of scores
>1.951

N= 427
n= 130
p=O.30

no
N= 159
n= 86 +
p=0.54

extra
prevo

yes

yes

N= 151
n= 41
p=0.27

,"

N= 117
n=j
p=0.03

,no

yes

N= 89
n= 36 +
p=0.40

4.2 or 3 extra i~sp.
. in prev. yeCir?

N= 62
-rr= s-

p= .08

np '(4 or more

extra insp.)

FIGURE 4. Inspection failure rates in a learning sampl~ of 1,000 full-menu re~tau-
rants as a function of ri~k markers identified by CART.

Questions I through 4 about th~ risk m~rkers classif~ed528 establish~ents that
failed at least once, and others that never failed in 5 years, into groups w~th
higher and lower failure J;'ates(p).
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TABLE 5. Sensitivity and specificity of the classification .bf
full-menu restaurants according to risk markers identified by, CARTI
to explain or predict inspection failure. !

f .
(
I

! Learning sample I ~ross-va
,

lida

,

t

,

i

,

O

r
' I 'Tes

"

t sample

1 (last failure) I (last failure) I (last failure)

I I I' 'I ' ,I

I true class I true class i I true class 1 true class

I - - - - - - - - - u- - -- - - - - - - -- - - - - - __h -. -- -- I..~n- -- , --- - -- - -. - - - -- --- - - - - - - - - - - - - - - 0,
! pass fail 1 total I pass fail I to~a-l I pass fai 1 I total I pass fail I total

I I I I J I I I ' I
1

predicted I pass 171 8 I 179 I pass 185 23 I joe I pass ,324 202 I 526 I pass 685 45 I 730

cl ass I fai 1 301 520 I 821 I fai 1 287 505 I 19* I fail 49B 597 I 1095 I fan 797 94 I 891
-' ' ' '-'---1-~------.------------------------.---------------------... - -- I' ,

I total 472 528 I 1000 I total 472 528 I l~Oq I total 822 799 I lQ21 I total 1482 139 i 1621
------------------------ ------------- -- :::-: l~: '~~~ __-2'~ h-_- ---uu

J
I

"

I I
I .1 j

.98 I 505 I 528 ~ ~96,;I 597 / 799 =.75 I

.36 I 185 I 472 = i3~-1,324 / 822 = .39 I

.63 I 505 / 792 = [641597 / 1095 =.55 I

.96 I 185 I 20S . j.89 1 324 I 526 =.62 I

.53 I 528 / 1000 . ).53 I 799 /1621 = .49 I

j I I I
I
i

sensitivity I
specificity i
PV + I
PV - I
p (fai 1) I

520 / 528

171 I 472

520 I 821

171 I 179

528 /1000

73

Test sample
(last inspection)

94 / 139

685 I 1482

94 / 891

685 / 730

139 I 1621

.68

.46

.11

.94

.09



N=1000
n= 416
p=0.42

yes

N= 310
n= 213 +
p=0.69

1. SD of scores
> 2.001

N= 690
n" 203
p=0.29

no

no

N= 461
n= 162
p=0.35

yes

N= 199
n= 85 +
p=0.43---

int :5

-2-9-

n= 41
p=0.18

yes

N= 262
n= 77
p=0.29

2. prev.' insp.
> 3 5 7 d a v s a go 1

es

N= 133
n= 68 +
p=0.51

extra insp?

N= 129
n":: 9

=0.07
" n"o~-_-'<.._"--" "-

extra insp. last year?

FIGURE 5. Inspection failure rates in a learning sample of 1,000 fast-food estab-
lishments~ markets and carry-obts as a function of risk markers identified by CART.

--N=-~-O"O--

n= " 33 +
p=0.33

N= 129
n= 8
p=0.06

no

Questions 1 through 5 about the risk markers classified ~16 establishments that
failed at least once, and others that never failed in 5 years, into groups with
hi9her and lower fa i 1 u r era t e s (p).

J
~
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I

TABLE 6. Sensitivity and specificity of the classification of fast-food establishments, markets and carry-outs
according to risk markers identified by CART to explain ~r.' pre~ict inspection failure.

I Learning sample I cross-,v.~li9iiti

r
' :,.{ Test sample I

I (last failure) I (last faill,lre), I '''(last failure) I
I I . I I
I true class I true class-.. I., ,I true class I true class
I --_n-_- -----n n ------h ----- -- -- ~~,., n_- ---'-_-on -- ---n_- -_n h- ----- __n ----

I pass fail I total I pass fail I, tqfall pass fail I total I pass fail I total
I I I. I: ii.,J., , I I I

predicted I pass 241 17 I 258 I pass 262 34 I ~96 I pass 660 328 I 988 I pass 1190 76 I 1266
class I fail 343 399 I 742 I fail 322 3821 ;04 I fail 607 456 I 1063' fail 714 71 I 785

: f-:; ~:_------------------------------------------
I total 584 416 I 1000 I total 584 416 I 1pOO,I total 1267 784 I 2051 I total 1904 147 I 2051

- - - - - - - - - - - - - - -- - - - -- - h___n- - - - - _n - - -- n -- - -- -

.,

--

",

-

,

,;-r-

"

---

"

r.

1--~--

,

---

,

~-------

,

- _no. - -.. -- -- - n__- --- - - un - -- - n - _n --

I "I' . I
I , . I I

sensitivity I 399 I 416 = .96 I 382 I 416;" " . .92 I 456 /184 ".58 I 71 / 147 ".48

specificity I 241 I SB4 = .41 I 262 /584;' '..~..1~.45 1 660 I 1267 ".52 1 1190 I 1904 = .63
PV . I 399 I 742 = .54 I 382 / 704 ",

/

,.54,1 456 / 1063 = .43 I 71 i 785 = .09
PV - I 241 I 258 = .93 I 262 I 296 . .89I. 660 I 98B = .67 I 1190 I 1266 = .94

P (fa i 1) I 416 I WOO . .42 I 416 / 1000 = :42~ '"784 I 2051 = .38 I 147 I 2051 =.07

Test sample

(last inspection)

S'



es

N= 140
n= 63 +
p"0.45

yes

N-lonn
n- 125
p.0.2]

N= 689
n= 134 +
p= 0 . 1 9

no

N- 860
n- 161

pm 0 . 19

N= 101

n'" , 28 + r-
-

R
I p=O. 28

N= 171
0;'---2 9~ ~-;--p-rev in'S~'7-6-9ir-d-a.-y-s~-
p=0.17 - I - -I I ago?

no ---~

no
N= 70
n= 1
p=O.Ol

yes

FIGURE 6. Inspection failure rates in a learning sample of 1,000 bars and coffee
shops as a function of risk markers identified by CART.

r
Questions 1 through 3 about the risk markers classified 225 establishments that
failed at least once, and cithers that never failed in 5 years, into groups with
higher and lower failure rates (p).

-..J
'"
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I

I

i
I

I
!

TABLE7. Sensitivity and specificity of the classification Of! bars and coffee shops

according to risk markers identified by CART to explain or predict inspection failure.

I

I
I Learning sample I cross-validatio ll I
I (last failure)! (Jast failure) I

t

I I
I

I
I true class I 'true class, I true class' I true class
I n -..- --uu --u-u ---- -h -- --

.

-_u
'

__

j

IT - -,.~.n

.,

_u_

,

- u --- --- n --- - --

I pass fai 1 I total I pass fail I tot 1, I pass 'f!ii,1 I total J pass fail I total
I I I' I I' I I, I

predicted I pass 69 1 I 70 I pass 'In,, .18-1 lag I pass 253 ,:5BI 311 I pass 310 27 I 337

cl ass ~-~~~~- -- -~~~-- ~~~-~---~~~-~-~~~~--- -~~~:'-~~~-}:--~t~-~ -~~~~-- -- ~:~:_~~~-~--- ~~~-~_:~~~h -- ~~~---~~-~--- ~~~

~-~~~:~---~~~--~~~-~--~~~~-~-~~~:~---~~~--~~:_i__~~r~_~_~~~~~--~~~~--~~~-~._~~~-~-~~~:~--~~~~--~~~-~--~~~~
j ,.I ,I I I

,'" T ' I ' I
1.0 I 208 1226 & .b2 I 218 I 276 =.79 I 85 I 112
.09 I 171! 774 z

r,

' 2 I 253 I 1020 = .25 I 310 I 1184

.24 I 208 I 811 .,,~ 2ft I 218, I 985 = .22 I 85 I 959

.99 I 171 I 189 z 90 I 253 I ' 311 ~. B1 I 310 / 337

.23 I 226 / 100q 'C 2~ I 276 I 1296 = .21 I 112 I 12,96,

sensitivity I

specificityI
PV + I
PV - I
p (fail) I

225 I 226

69 / 774

225 / 930

69 I 70

226 I 1000

77

Test sample
(last failure)

Test sample
(last inspection)

.76

.26

.09

.92

.09



yes

N= 368
n= 111
p= 0 . 30

N=1000
n= 204
p=0.20

scores
75?

N= 632---~----

n= 93

p=0.15

no

yes

N= 72
n= 59 +
p=0.82

/1 g

no

N= 78
n= 33 +
p=0.42

4 .> 1 pre v 5 A?

no N= 296
n= 52
peO.18

5. > 1 extra insp in prev yr?

N= 218
n= 19
p=0.09

~~. N= 247~

n= 79 +
p=0.32

i-'

no N= 269
n= - 79
p=0.29

ave int ~284 days?

N= 22
n= 0
p=O.OO

extra

no

FIGURE 7. Time-temperature viblation rates in a learning sample of 1,000 full-menu
restaurants as a function of risk markers identified by CART.

N=363
n= 14
p==0.04

yes

Questions 1 through 5 about the risk markers classified 204 establishments that had
a time-temperature violation at-least once, and others that never had one in 5 years,
into groups with higher and lower violation rates (p\. "

OJ
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I
TABLE8. Sens'itivity and specificity of the c"lassifi.cation of I full-menu restaurants

according to risk markers identified by CART to explain or predlct time-temperature violations.
I
I
I
I
I
I

Learning sample I cross-validation

l

' Test sample I
(last violation) I (last violation) I (last violation) I

I I i I I
I true class' true class I I. true class I
I ~ ~------------------------------------------------------

I pass fail I total! pass fail I toti~ I. pass fail I total I pass fail! total
I I I I I I I I I

predicted! pass 570 33 I 603 i pass 558 43 I 6q1 I pass 1047 154 I 1201 I pass 1226 26 I 1252

class ~-~~~~ ~~~--~~~-~---~~~-~-~:~~ ~~~--~:~-~~~-~~~-~-~:~~ ~~:_-~~~-~---~~~-~-~:~~ ~~~ ~-~---~::

I total 796 204 I 1000 I total 7~6 204 I 10~0 I total 1336 285 I 1621 I total 1587 34 I 1621

j ' I;-: j-------------------------
sensitivity I 171 / 204 :.84' 161 / 204 .'. .r~ r 131 / 285 ,. .46 I 8 I 34 = .24

sDeci fi ci ty I 570 / 796 ".72 I 558 / .796 c. .re I 1047 / 1336 "'.78 I 1226 / 1587 "'.77

PV. I 171 / 397 ".43 I 161/ 399 c'. orO I 131 I 420 "'.31 I 8 I 369 :.02
PV - I 570 / 603 ".95 I 558 / 601 . _~3 I 1047 / 1201 ".87 I 1226 / 1252 ".98

p (violate) I 204 / 1000 ".20 I 204 I 1000 . -~Ol 285/ 1621 = .18 I 34/ 1621 = .02
I

, I

I

I

!

Test sample
(last inspection)

true class

,-'
...,



N=lOOO
n= 20
p=0.02

yes

N= 653
n= 20 +
p=0.03

. .

1. ave duration> 41 min?

-"~-=-3-4.'1---

n= 0
p=O.OO

-~ ~~ -...--.-

no

FIGURES. Time-temperature vi9lation rates in a learning sample of 1,000 full-menu
restaurants as a function of risk markers identified by CART using last inspection.

The risk marker question classified 20 establishments that had a time-temperature
violation in their last inspection into groups with higher and lower violation rates
(p) .

00
0

I"
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TABLE 9. Sensitivity and specificity of the classification of full-menu restaurants

according to risk markers identified by CART to explain or prefict time-temperature violations
using last inspection. !

!
I

I Learningsample I cross-validatiop 1 Test sample I.
I (last inspection) I (last inspectior) I (last inspection) I
I I i I. I
I true class ! true class I! true class I
I 1--------------------------------------------------------
I pass fail I total I pass fail I to~al I pass fail I total I pass fail I total

I I I I j ,II I I
predi cted 1 pass 347 0' 347 I pass 416 5 I 121. I pass, 842 13 I 855 ,I pass 663 140 I 803
cl ass I fai 1 633 20 I 653 I fai 1 564 15 I ~79 I fail 745 21 I 7661 fai 1 673 . 145 I 818

i-~--~-~~--~ ~~~--------------------------------------
! total 980 20 I 1000 I total 980 20 I lOpe I total' 1561 34 I 16211 total 1336 285 I 1621

; ~:---j~'-; ' ~ ;-------------------------I ' .
1

'" I 1
sensitivity I 20 I 20 = 1.00! 15 I 20 = r75 I 21 / 34= .62 I 145 I 285 ".51
speci fi city I 347 I 980 =.35! 416 I 98

,

0 =

f

l4

,,

2 I 842 I 1587 ".53 I 663 I 1336 =.50

PV + i 20 I 653 =.03. I 15 I 579 ,'" 03 I 21 I 766 "~03 I 145 I 818 = .18
PV - I 347 I 347 = 1.00! 416 I 4~1 '" .99 I 842 I 855 ".98 I 663 I 803 = .83

P (violate) I 20 I 1000 = .02 I 20 / 1000 ," lO2 1 34 I 1621 = .02 1 , 265 I 1621 = .18
I, ,

81

Test sample
(last violation)

true class



no

N- 70S
n- 68
p- 0 . 10

N-IOOO
n- AI

peO.OR

303 da?

yes
yes

N= 235
n= 39 +

p=O.17
N= 143
n= 23 +
p=0.16

FSG

N= 282
n= 26

p=0.09

N= 139
n= 3
p=0.02

2. SD score>2.85? insp?

no
H- 470
n= 29
p-0.06

or FE?

N= 188
n= 3
p=0.02

no

_-1i~-_?_~~------
n- 13
p=0.04

.8J1-1--N~- 37
n= ---8--:r
p=O.22

--~-~._~--~-~ " ,-~-_-:: ~._~-------

yes insp?

N= 258
n= 5
p=0.02

no

FIGURE 9. Time-temperature violation rates in a learning sample of 1,000 fast-food
establishments, markets an~ carry-outs .as a function of risk markers identified by
CART. 00

'"

Questions 1 through 5 about the risk m~rkers classified 81 establishments that had a
time-temperature violation at least once, and others that never had one in 5 years,
into groups with higher and lower violation rates (p).
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TABLE10. Sensit i vity and speci fi city of the cl assi fi cation Qt,:Fast-food :establ i shments, markets, and car:-)'-outs

according to risk markers identified by CART to explain or prefict ~]:e;temperature violations.I
i

. .j
I Learning sample I Cross-validatiop ,I' Test sample I

I '

I (last violation) I (last violatio"'r I (last violation) I
I I. I I I
j true class I true class I I true class I true class

I ~-~~--~-,-'---------------------------------------------
I pass fail I total I pass fai.1: I to1jal": pass fai~ltotal I pass fail I total
I I I . I I I I. i I1 "

predi cted I pass 574 11 I 585 I pass 341 7 I i48 I p.ass 1832 147 I 1979 I pass 2031 14 I 2045

class I fail 345 70 I 415 I fail 578 74 I ,52 I fail. 66 6 I 72 I fail 6 0 I 6

1.~~--~~~~-----------------------------------------------
I total 919 81 I 1000 I total 919 81 I 1~00 I total 189.8153 I ..2051 I total 2037 14 I 2051

- - - - - - - - - - - -- - --- -- - -- - -- n__n - -- - - -. - -- - - - - - - -- --- - --- -~

r

'~ ::- -----:'-
.

-_u ..- -- -- -- - -u - -- - __n -- - - - - - - - - - - - ---

j I' .' I
I .', I 1

sensitivity I 70 / 81 ".86 I 74 / 81 ,,191 I f 6 /, 15~ ".04 I 0 / 14 "c. 00

specificity I 574 / 919 = .62 I 341 / 919 C :

!

37 lIB
,

32 /

,

189B = .97 I 2031 / 2037 = 1.0
PV + I 70 / 415 ".17 I 74 / 652 " 11 1:-6 I 72" .08 I 0 / 6 "0.00
PV- I 574 / 585 C .98 I 341 / 348 C 98 I 1832"/ 1979 - " .93 I 2031 / 2045 = .99
P (violate) I 81 / 1000 ~ .08 I 81 /1000 & 08 I 153 /'2051 ".07' 14 / 2051 = .01

83

Test sample
(last inspection)



yes
..._._-.

-- ..--

N= 92
n= 8 +
p=0.09

yes

N=1000
n= 15
p=O.Ol

loc?

N= 33
n= 2 +
p=0.06

yes

no

N= 413
n= 15
p=0.04

- -'_.0'-

N= 321
n= 7
p=0.02

N= 1
n= 1 +
p=l.OO

no

N= 587
n= 0
p=O.OO

no N= 228
n= 5
p=0.02

_1:19.. .

35
4 +

p=O.ll

n<:>

5. ~ 1 extra
0-.. ..-i-nS1f? "0'

N; 25 2

n= 0
p=O.OO

yes

yes

FIGURE 10. Time-temperature violation rates in a learning sample of 1,000 bars,
coffee shops, and food vending machine locations as a function of risk markers
identified by CART.

Questions 1 through 5 about the risk markers classified 15 establishments that
had a time-temperature violation at least once, and others that never had one
in 5 years, into groups with higher and lower violation rates (p).
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TA8LE11. Sensitivity and specificity of the classification o~ bars and coffee shops

according to risk markers identified by CART to explain or pre1ict time-temperature violations.
I
I
I
I

, Learning sample' crosS-validatio1 I Test sample'

I (last violation) I (last violation~1 (last violation) II I i .I, I
I true class I true class I I true class! true class

I "
I T-~-~---------------------------------------------------
I pass fail I total I passfail I tot

r

'l "I
,

"

,

pass fail I total I pass fail I total

I I I I J I I I
predi c:ted I pass 839 0 I 839 I pass 859 6 I 8~51 pass 1273 19 I 1292 I pass 1293 .3 I 1296

class I fail 146151 1611fail 12691 19SIfail 401 41faii 001 0

~ ~~---~f-:-~---------------------------------------------------
'1' . '

I total 985 15 I 1000 I total 985 15 I 1qQO'I'total 1271 19 I 1296 I total 1293 3 I 1296

85

.Test sample

(last inspection)

~ 4~-------------------------------------------------------

I

! I

I
I I ' I

sensi t i yity I 15' 15 z 1.00 I 9' 15 . 1i0 I 0' 19 = 0.00 I 0 I 3 = 0.00

specificity I 839' 985 = .85 I 859 I 985 . B7.1 1273 "1277 " 1.0 I 1293 , 1293 = 1.00
PV + I 15' 161 = .09 I 9' 135

. 1°7I ° I 4
= 0.00 I 0 I 0 = ERR

PV - I 839 I B39 z 1.00 i 859' B65 = 99 I 1273 I 1292 = .99 I 1293 I 1296 = 1.0

P (violate) I 15 I 1000 . .02 I 15 I 1000 . Jon 19 I 1296
= .01 I 3 I 1296 .00

"
I



N=1000
n= 3
p=O.OO

N= 41
n= 3 +
p=0.07

1. non-food contact surfaces
cited in> 4 % ofinsps?

N=--959'~"---

n= 0
p=O.OO

no

FIGURE 11. Time-temperature violation rates in a learning sample of 1,000 bars,
coffee shops, and food vending' machine locations as a function of risk markers
identified by CART using the last inspection.

The question about a risk marker classified 3 establishments that had a time-temp-
erature violation into groups with higher and lower violation rates (p).

(X)
0'1



I

I

I Learning sample I cross-validati4 I Test sample!

I (last inspection) ! (last inspectiOr) ), (last'inspection) I
I I ! I. I
! true class I true clas~." I! tr,,!e class I true class
I - -- --- - -- -- -- -- -- --- -- n- -- -- -- -- --_h --j-'-- -- -~- n__- --- _n- '~- - -- -- -- n- h_- n_- - --- -- - n --

I pass fail I total I pass fail ~I to~alj' pass fail I total! pass fail I total
I I I I 1. I L I I

predi ctec I pass 959 0 I 959 I pass 971 1 1 ~72 I pass .,1293 3 I 12%! pass 1273 19 I 1292
I

class I fail 36 3 I 41 I fail 26 2 1128, I fail uO 0 I 0 I fail 4. 0 1 4
' 1-1 ~-------------------------------------------------

I total 997 3 I 1000 I tota 199? 3.J 1

1

°0 I total 1293 3 'I 1296 I tot a1 1277 19 I 1296
---n----_n_-n--Unnnn---n

.

-- -too-
.

--~:--,- u,---T u i
..

-- - n

I \ ' . I ,I
I' . i I '. I

" 1.00 I 2 / ~ ; f 67 I °/ 3" 0.00 I
.96 I 971 / 997 ,,'197 I 1293 1,1293 c 1. 00 I
.07 I 2 / 28 = r07..j 0 I ° "ERR I

c 1.00 I ,971 / 972, .,=-1:01 1293 I 1295 "1.0 I
.00 I 3 / 1000 .z ~ 00 I 3 I 1296 ".00 I

I

I
II
I

TABLE12. Sensitivity and specificit.v of the classification 01 bars and coffee shops
according to risk markers identified by CART to explain or prej

ict time-temperature violations

using the last inspection. ..

sensitivity I
speci fi ci ty I
PV ~ I
PV - I
p (violate) I

3 / 3

959 I 997

3 / 41

959 / 959

3 I 1000

87

Test sample
(last violation)

0 I 19
1273 / 1277

0/4

1273 / 1292

19 / 1296

; 0.00

= 1.0

" 0.00

.99

.01



N-2000

n- f,7(~

p- o. )4
h - 8--

no

N-1621
n- 601 +
pen.]7

N- 379
n= 78
p=0.21

yes

~$35,000

<$18,400

N= 265
n= 58
p=0.22

loc?
N- 367
n- 77
p.0.21

- -- .-

income?

$15,600-$18,400
I 1

N= 239
n= 55 +
p=0.23

4. ave income?

N= 26
n= -3
p=0.12

N= 102
n-;:- --T9:~- --+-/ --'-~<$1-5r6-o0.--c--_n-
p=0.19

$18,400-$35,000N= 12
n= 1
p=0.08

> $35,000

FIGURE 12. Inspection failure rates in a learning sample of 2,000 r~tail food
operations as a function of risk markers id~ntified by CART.

Questions 1 through 4 about the risk markers, involving only information avail-
able at licensing, classified 679 establishments that failed at least once, and
others that never failed in 5 years, in~o ~roups with higher and lower failure
rates (p).

CD
CD
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TABLE13. Sensitivity and specificity of the classification Of! all retail food operations
according to risk markers identified by CART to explain or pred

f

'ct inspection failure,
using only information available at licensing.

I
I

Learning sample I cross-validatio~ I
(last failure)! (last failure)

I

I
I I I
I true class I true class I I true class

I ~1--~--~-~ ~--~----------
I pass fail I total I pass fail I t~t

1

l I pass ffiil I total
I I I I '[,-. I

predi cted I pass 117 23 I 140 I pass 114 24 I l~BI pass, '2B71 257 I 3128
C1ass I fail 1204 656 I 1B60 I fai 1 1207 655 I ~8F' I fail ,2725 241 I 2966

~-t-~~_J ~-------------
I total 1321 679 I 2000 i total 1321 679 I 20

r

' 0 I total 5596 49B I 6094

- - - -- -- -- --- - - --~ .

-

.

--

.

-

.

_u

. n- ._:t~--~~
..

--~: _mum

sensitivity I 656 / 679 ".97: 655 / 679 --~-~. .~6 ,: 241; 49B- . ~ .48

specificity I 117/1321 z .09 I 114/1321 c 'E
.

9,
.

, 2871/5
.

596 ".51

PV + I 656 / 1B60 ".35 I 655 / 1862 ,v.c "r5) 241 / 2966 ",OB
PV - I 117 I 140 ".B4 I 114 / 138; . c -F3'i 2B:71/ 3128 ".92

pefail) 1679/2000 = .341679/2000: ",," i~.' 498/6094 ".08

89

Test sample

(l~st inspection)



--..---

N=2000
n= 161
p=0.08

no

FSO (restaurant)

N=1258
n= 149 +
p=0.12

3. FE or FSO?
.._--

N=1528
n= 157
p=0.10 I

1. bart coffee shop,
food vending loc?

FE N= 270
n= 8
p=0.03

(mar)cet)

~:~~~ k,~2_,~:~::~~

yes

N= 71
n= 6 +
p=0.08

income $16,200?

2. food vending location?

N= 354
n= 0
p= 0 . 00

yes

FIGURE 13. Time-temperature violation rates ig a learning sample of 2,000 retail
food operations as a function bf risk mdrke~s identified by CART. -

yes

Questions 1 through 4 about the risk markers, involving only information available
at licensing, classified 161 establishments that had a time-temperature violation at
least once, and others that never had one in 5 years, into groups with higher and
lower violation rates (p). ~

0
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I
i

I

j

TABLE 14. Sensitivity and specificity of the classification o~ all retail food operations
according to risk markers identified by CART to explain or pre4ict time-temperature violations,

I

using only informati on avail ab1e at 1i censing. !" ,..i' t

I Learning sample I cross-vali'dati~~'.,~,.;,";t; Test sample I
1

I (last violation) I (last Violation
r

I (last violation) I
I I j I I
I true class I true ,cla.ss I , I , true class I true class

I ~ :~---f-------------------------------------------------------
I pass fail I total I pass fail I tO

I
l I " pass ~ajl I total I" .. pass fail I total

I I I r "I ' , I I. I

predicted' pass 551 2 I 553 I pass 694,.,,9 J, 103,,},?a~St~~f3 247 .I."3670 I pass ,3847 24 I 3871

class ~ -~: ~ ~ ---~~~~--~~~-~-- ~~~ - ~-~:~~u :~=~~--=::-~--=r~-~- ~:~~-- _:=,~~--~~-~- ~~~:~-~-~:~~~:-::~~- -_:: -~-- :~:~
I total 1839 161 I 2000 I total 1839 161 I 2QOO I total 5603 491 I 6094 I total 6037 57 I 6094

- -- -00-- -- -- --- - -- ---- ---_u u -- -- -- - 00-00- U.U_-- u --:- -'~'

j

-'-7-; __,h- -- -- --,-- --- -- -- -- - -n_- - -- --- n -- n n
I ' "" '.., i' I
I I I

sensit ivity I 159 I 161 = .99 I 152 I 161 -- c 194 I 244" 491 c .50 I 33' 57 c .58
specificity I 551 I 1839 =.30 I 694 I

'

JB39..;, :.".

/

f3

,.

8"" 13423 1 56P3.."

,

,',

="

.61

,

' 3

'

847 1 6037 c. 64

PV + I 159 / 1447 '.11 I 152 I 1297 c 12 I 244 1 2424 . .10 I 33 I 2223 = .01

PV - I 551 I 553 = 1.0 I 694 1 703 , C 9~ I 3423'3610 '. =. .931 3847 1 3811 c .99

p (violate) I 161 12000 c .08 I 161I 200°, ~ /DS 1491 /6094 p, . .081 57/6094 c .01

91

Test sample
'(1ast inspection)



I

i

CBAIiTER VIII:
DiSCUSSj.on!and Conclusions,," ,.

I '

This begins ,with a discu'ssionchapter
, I

limitations of the data~nd!analysis. spiteIn of
I

li~itations, some conclusio~s seem to emerge. The
i
i

of most variable,~seemed1in overal~ agreeme~t
!

previously published findin~s. The Health Department

use failure predictions as' an targetingaid .in

of the

these

effects

with

could

certain

operations for HAcqP e,valua~ions or extra inspections. The
, I

I

predictive power of the ialgorithmS could perhaps' be
1

improved by changing the wa~ the Columbus Health
i

maintains food complaint and

Department

enforcement records

starting an active foodborn, illness surveillallce
I

After a few other recommend~tions there is a summary.

Limitat ions of the data andI analysis
, i

I
The big problem with t~is study was that even the

I

prediction trees did not pet form very well, especially

used to predict the resultstOf the last inspection.

Table 5 shows, the predictiye value of a positive test
i

and by

system.

best

when

As

for

the last failure, the proPfrtion of true failures among
I

those predicted to fail, wa$ only 55% for a test sample ofj



i

J

I

i

1I

TABLE 14. Sensitivity and specificity of the classification 01 all retail food operations
according to risk markers identified by CART to explain or pre4ict time-temperature violations,

using only information available at licensing. !"

91

..,

I Learningsample I 'cross-validatiof"'rest sample I
I (last violation) I (last violation~ I (last violation) I
I I I I I

I

I true class I true ,cl~ss .1, I true class I true class

I :~---[ ~ ~:_-----------------

: pass fail: total : pass fail : to;~rl: ",pass ~ail : total: '" pass fail: total

predicted I pass 551 2 I 553 I pass 694 ".' 9.L .~Q3 .,,1,pass .~~?3 247 L. 3670 I pas; 3847 24 I 3871
class I fail 12B8 159 I 1447 I fail' 1145 152 r 1~97"ltai'1 '2180 244 'r 2424 I fail 2190 33 I 2223

~ ~ : ~ : :~ ~--------

I total 1839 161 I 2000 I total 1839 161 I 21°0 I total 5603 491 I '6094 I total 6037 57 I 6094
- -- -n --_n - -_n -- --- --- -- -- - --- -- - -- -_n -- - ., - -- --~ --"-'

1

~-'-7-~ -- -- --,-- -- --- -- --- -n- ----- - -- -__n - -- ---
I <,. I I
I I I

sensitivity I 159 I 161 .. .99 I 152 I 161'- .. 194 I 244 /'491 ,. .50 I 33 I 57 .. .58

speci fi ci ty I 551 I 1839 ".30 I , 694 l.Ja39 .'<;: =

.

'" -' '

I

f3~. I,3423 I 56P3 "

,

.61' 3847 I 6037 ".64

PV + I 159 I 1447 ".11 I 15? 11291 & 12 I 244 I 2424 ,. .10 I 33 I 2223 .. .01

PV - I 551 I 553 ,,1.0 I 694 I 103 .. 99 I 3423 I 3610, ",. .931 3847 I 38ll .. .99
P (violate) I 161 I 2000 ".08 I 161 I 2000 ~ 08 I 491 (6094 . .. .08 I 57 / 6094 ".01

, ,

Test sample

'(last inspection)



of failure was 9%.

SD:

213
sensitivity = -------

416

PV +
213
~'!"

310
=

sensitivity
398

528
=

93

(Eq. 6)

(Eq. 7)

(Eq. 8)

and 54%.

for full-

only the
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398
PV + = --...---- ;:: 0.69 (Eq. 9)

573

The.originalsensitivityandlpredictive.value'were 98% and

63%_. The predictivevalue O~,..thetree in Figure 6 can be
I

doubled in this fashion. Borever,. this technique would not
I

help some of the other treesL
I

The Columbus Bealth, tepartment/s. classification of

food operations into inspectton,'interval .groups based on

potentialrisk (seeAppendix.!G) was prophetic.'.Forty-nine'
I

percent .of full-menu restturants.,failed at least
I

inspection in 5 years; 38% Of fast-food outlets and carry-

outs, and 21% of bars and c,ffee shops, . failed at least

once. Nine percent of fUll-+enu restaurants, 7% 'of fast-
,

food outlets and carry-outs,1 and 9% of bars and coffee
I

one

shops failed their last in.pection.
i

temperature violation rates qver five years were
1

and 1%; and t1me-temperaturelviolation rates inI
I

Corresponding time-

18%, 7%,

the last

inspection were 2', 1\, and q'.
I
I

consistent with the Health D~partment's
I

and inspection scheduling.' I

i

These failure rates are

prior expectations

Because CART ,was appl1-1 only after
I

categorized into inspection ~nterval
I
1

improve on an already fairlyjeffective, 1"-

correlated variables were lavailable
I

operations were

predictor of the outcome v~riables--inspection
!

interval--

groups, CART had to

system. No highly

because the best
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was already taken.

I
I

!

i :'
I .
I
!

A potentially i~por~;~t ICPding e~ror ~as mentioned in
Chapter VI (page 49). ,B~1:;t,Ei!t-formulatep"frequency of

. '.' I"'" ',' .

violations"variablesmightpaye be~n more usef:ul. Also,

there was a potentia~l;' i~po~tax::t ~,JU~s=?ion: the. study
. r . '

could have examined the,. ,ft;ects, if. any,.. o.f existing
.' l' '.

complaint records as pr~~;ict~f var,iabJ.es. The study. looked

at the effect ~f the P~~!'os

.

el

.

,o~

.

"

.

Yh

.

. e

."

:inde

.
.

x in~pection

.

(see

below and page 51), bu~.. O~it~ed .~;~~tJng o.f ~ variable

reflecting the number ~f I pr~~~ou~'complaints. Such a
I

variablewould have been si1lar to "extra,"the number of

extra inspections in ~,~e'-:~~f'VtP?S,,;y~ear ."The.".annual numbers

of food complaintsfrom 198~j thr°1:lgh 1989 were. ,,645, 725,

704, 672, and 68'6. ,An aveJ:$.e pf abo,ut 12% of these allege

illness. An average of 80% jOf the inspections scheduJ.ed in
I

to illness ~~p1~:ints find

j .

Another problem in thi

1

study was that the records

were not maintained, fO~ >~,he pur~os~s o,fthe, stud¥'. " A more

accuratemeasure ,of th'j'inc'fl)lelev!'ls P,t n!':j.g,h,borhoods, for

example, would h.ave b~e.n,! Por~~ble otoPerwise.

There is ~o guarante,e ftl.9l,:\: modifyiIlg. r~sk m~+kers will
lead to decreased inCi

...

~

.

e

.

p.c

.. .

e

.J...

.~f, "

.

'nsp

..

ecti

.

on

.

f

.

a

.

ilure

..

or time-

46 Hartman J. 1985-~9890odborne. illne~s investigations.

[Unpublishedreport to" the"'IChief'of District Operations.]

response

. "46act~on.

"no. cause for



96

temperature violations.2 for example, doing
inspection in the 159 full-m~nu'operations 'with

,,1 , , '

scores (Figure 4) wou~d ~otnecessarily have
I

failure rates in this' sUbgrbup to 16%.
i

an extra

consistent

changed

The term "risk

marker" was suggested to avo~d the implication in
!

the more

confirmed here.

specific variables

literature on the

A shorter average int~rval between inspections was
I

associated with higher failu~e rates in certain categories
)
I

restaurants I ' (Fig.
I

. I i
"

i .

establ~shmentsand markets(f g. 5); and w th lower fa~lure
I

, t

rates in bars and coffee sho~s (Fig. 6). A shorter average

intervalwas also aSsociated!with higher time-temperature

violation rates in certa~n categories

of full-menu 4) and fast-food

of full-menu

(Fig.9) .
A shorter

7) and f fast-food'stores and markets

~ interval between the last

index ihspection was associated with
I -

restaurants (Fig.

inspection and the



I

I

I

higher failure rates,}n ,~ps~te~ories of fast food

establishments a~d markTts~ (ji~gp.re ~) a.-~d,b~:r:s and coffee

shops (Fig. 6). M~ch of; j:.hi~~i$ inEJxp.;1.i.c,c111ble.Briley and

Klaus25 f,ound that ,$h;.?f1~~l~n

i
i ,:t,b,-~t ;J.nterYc';Ll

,

,led ,to, higher

scores. ,

Briley and Klau~f W??,~ _!and_Mill,26 and Moore et al.28
used average sco.rest"" P

,

red*

,

"p "7iS
,

k

"

'

,,,,

" ~h~ CD

,

"

,

C14

,

and Irwin

et al.15 found tha::"l?"'t.sCPr'!s,are, asspciated ' with

increased risk of ca~sinp, Lutbreak~. The, present studyfound that the standard

l
eviation of scores was more

informative than the.,a~:r;~~,.~~ $c'ore, ,but, th~~ ,the '~igher

rates of f~ilure o~' t~m+t";'p~~~ture Violat~ons were,
indeed,associated w~~~F tpe" ~orEi!,variaRl~ scorfas.

The Ohi~ Depart,~~q.,!-,9,fijeal:th,food service inspection, ," .,' "J., ,,'

i

form has fewer ca:tegories,tqanthe one us~d in Columbus.
',:' ",' ,j" '1 f .. " -

ODH should consider use Of

J
' form more like tbeoneused in

Columbus, because'sco~e'-- : ,~a~ility (as ~e~sured' by the
'. 1"">' ' '

longer form) was an im~rtaf~ ri~k mar~er for sanitation,

problems" ,'" I. ('",

The role of the, vi~~ble "extra" here seems to

indicatethat the ~Pti:~' nfer "f '~nspect~ons is !,igher

than the minimum r~~uirer!nr~ of the Columbus Health
Department (see below). I.,

, , J C

This study i)ci~,?ti.~ij~a f>reyious time-temperature
violation in a full-me~~ r~~jaura~; lFig~re 7) as a risk, II

97
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factor for another one. IIrwin ' et al.iS also found
, h." ", ,,'

te~peratureviolationsto" b~"associated with restaurants

that cause outbreaks. Wodi land Mil126 used c~itical items
, I, ' ,,'.

violated in the last two insI?ections(but not necessarily
I
I

this particular violation) a~ a component of
j

their measure

of risk. However, Irwin et ale also found "any improper

food protection practice,nj'and also
I

predictive} 'but this study did not.

al.iS :fo~nd'the average duration

"food equipment

violations" to be

Irwin et of
I '

inspectionsto be predictivrof " the risk of subsequent

outbreaks. Here this effectjshowedup as a risk marker forI
i ,

time-temperature Violation

r

' in full-menu restaurants

(Figure 8). In contrast, an ~nalysis (not included in this
I

. I ' '

report) of "CaSe-bY-CaSencr output from the failure tree
for full-menu operations (F~gure 4) showed that the average

duration of inspections was 1 ~bout an hour regardless of

predictedor actual outcome~ "

. J. t t
Income or, soc1oeco~om1c s a us

implicated as a risk marker j for disease, but apparently no
j

previous reports have menti~ned it in connection with food
"I '

servicecodeviolations. 1 .

Kaplan and EI-Ahrar12 indicated that fast

operations and restaurant~ were more likely to
J , ,

outbreaks than were markets and liquor stores. 'This;
1

found that restaurants hrd a higher

is frequently

food

cause

study

risk of time- .



I

I

I

temperatureviolationsamong j.:fast-f.ood ,establishments and
I

carry-outs (Figure ,9) andin,.jgerieral(Figure 13).

McSwain 16 indicat$c:L .th~t" food vending 'machines are
I .

safe, and this study seemed.~CX1:a

,

gree (F

,

igures 12 and 13).

Irwin et,al. 1,5reportfedrcorporateownership to be
I

. d I . h
assocJ.ate, r '>WJ.t,

outbreaks; here, commer~al ~~tatus (which could mean a sole
I

proprietorship or par:tn~+s'iP'as well as. corporate

ownership) was unimportant. ,{They.also reported' size and

ethnicity as risk markers ,fcfoutbreaks; ,this study foundI

neither to be associated wi~,ej;;ther outcome ,variable. In

this study 3% of all establi

r:
1 . nts were- ethnic; in ' theirs,

68% of restaurants 'CaUSi~9rcSutbreaks were ethnic. That

could reflect a report:i;ng:bjS"if people ," were more likely
to suspect a foodborne eti9loGY when"illness !ollowed a

meal at an ethnic restadrant.. (These outbreaks were

reported by the pUblic, 'rat~er: ;than,- uncovered. by Seattle's

active foodborne1llness,st~1llanCe'iSystem, because "the

pathogenwas unknown for',JIIOr OU~breakS.')
1

i

Potential application: 'of 'prrdictive,: models

There are at leasttwOjimPortant.uses"for these models
in spite of theirweak~redfctive power. In some instances

one could schedule a l1azardl,;j analy.sis (.HACCP )" tailored to
I

the likely causes of> the- Deft -'"failure ,,:OI time~temperatureJ
i

!

I

I

,

i

99

significantly restaurants causing
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violation. In other instangesan appropriate intervention
I

would be to schedule.addi ti

l

'nal inspectionsfor. operations

predicted to fail. The original classification into
i

inspectioninterval groups ~as for these same purposes, toII

aid in targeting food opera~ions for HACCP evaluations and
I

to provide more inspections~hereneeded..The . predictive

models would merel~ provide rdditional prioritizing.

HACCP. Referring tOF~gure 2, oneidaa would be to
1

perform HACCP evaluations' inj,the 573 operations with high'
I

score variability ." F1g~e
i

5 indicates that among

operations with a variab~score,
I

temperature violation,is ~e best predictor
I

per~ps other specific
can be anticipated uSing!,t~e .records

I

predicted to fail. j

All criticalViolationsj:WOUldappear to

control points amenable,1 to

a previous' time-

of that

particular violation. violations

of operations

be critical

HACCP. evaluations and

monitoring. Suppose' an'ope4rtor has .difficulty maintaining

a dish machine's .' final .1nse temperature, fOI' example

(perhapsdue to an inadeqUatrbooster heater), and cannot

afford to retrofit the"machipP with a chemical' sanitizer
,

injector. The healthd.par~nt could require maintenance
j

of a temperature log fo~ monitoring
I

sanitarian and manager.! wobld agree 'onI
I

implement if the temper.atur1,diPs below 'the required level.

purposes. The

procedures to



i

I

I

Disposable utensils.ox ~'l1anr washing .with.'a . chemical
sanitizer would 'be" op.tions-r:: Planning for; {'contingencies

j

could avoid future vioiatJ.Gm1..' " ',.; ,

The Environmental. Bealtj' Diy.4,s:j,pl!!><lgal!,ins.tituting a
HACCP program in.: 1987 in- .oni work gro,up4', pronounced the

experiment a success after 1 few years, purchased a pH

meter and other eqUipment.fot';';iBACCP ev.aluations, and has
not emphasized it since.. .~CCPi should '. receive continued

emphasis, and all fOOd::sani+;i;an

,

s."should' use i

,

t,.

IAMFES also'reccmmendt.Hthe passage. of,.: l~wsformally
requiring HACCP evaluation,~3,~",,; Ohio has apparently taken

the first steps, towa'rd" ~reementl ), The February 1992

revision of theF.ood<iserficei" Operation ,Law. and Rules

contains HACCP concepts 'j;n~ afinew "rule' on" heat" treatment

dispensing freezers (OAC 370f-21-071), complete with time-

temperature record~keeping +qUirements.:su~h'a .freezer is

... a self~containeQ'd~spensing f"reez~r". ,with a
product reservoir th ,t processes previously
past

,

eurized ;prodUC
,

1:.S,

j

' <freezes' the,,> products,
dispenses frozen dairy products, and maintains
microbiological,'qual~t~,., by '{ elevating the
temperature of the prO

l

uct using heating methods
that are an

,

' inWgral'

,

'

,

'"

"part,0 fi;! the dispensing
freezer.

, ,

" " '..> '~ ..
'., , " '., ,

1

The new rulereq.uires "tfat tpese;' freezers "shall

equipped with a oritical,,'crntrol monitoring device" that

maintains time~temperature ;~OgSA

101

be
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I

I

The Columbus Board of ~ealth (And the Ohio Departmenti
of Health) should,enact rul~sauthorizing the general use

of HACCP and requiringthenlaintenanceof needed records.1

More inspections.:.,Th~ other 'strategy to head off
I

problems would be to dO! more inspections.
I

establishments in Figure 2 ~hat did ,not receive an' extra!

I

inspection in the year.befox1e the index 'inspection would
I

get at least one, or per1iaPJ2 or 3, extra inspections.
Seattle-King County, W'ishington, found 4 inspections

annually to be better than '~. ,at reducing foodborne illness

complaints and increasingjscores.22 'Corber23found that

reducing the number fromd2,jto7.3 made no difference. The

implicationof these'report1 and the. present findings is
that 3 inspectionsannuallYjfor 'f¥ll,...menu restaurants may

i
I
t.

-I"

More inspections wO~ldPrObablY; requ~re
!

additionalpersonnel. A PoJsible alternative might be to

The 159

be inadequate.

hiring

.,..
, ,-'

cut back on inspections elsewhere,' but this, generally
,

appears counterproduc:tive..;'j Hqwever, the .Columbus Health

Departmentalready has feW~locations assigned to each
i

sanitarian (or, rather, "f~ll-time equivalent") than the

maximum recommendedby the qhio Department of Bealth.43,49
I
!

ODH recommends 380; the ave~age in
i
1

Ohio Department of Health ~hOUld
I

recommended number of locat10ns inI

Columbus is .350 The

consider decreasing its

light Of these results.



103

,I

I

Recommendations to. improve Pi8dictive power

Computerized. complaint I and enforcement ,109s.
- I

District Operations comPlaint System is computerized. (See

Appendix L).. It tabulttes ..; complaints,.. including

sanitarian-initiated ones ~slwell as those from, the general

public, about messy garb~ge'jtcrage/rats, wefiJds, etc., at

apartment buildings ,,,,r.esid~:mfes~, restaurants I vacant. lots I

etc. --about every.. .conceir,able. structure (sometimes

including rest,aurantsand ,1kets) . All compla:1nts have a
dispositionentered. Recor~s indicate when a sanitarian

issues an order, when c.JJJcon1"J..:t~t1Qn yakes pl'ace., when an
enforcementletteris sent,Ithe date of a ref.erred . to the

I

Night Prosecutor pr,ogram, t~e date.ofan administrative or

Board of Health hearing, w~n a triaLdate is se~, and what

the verdict, fine, or sentejce are. The date of correction
is shown.!

I

No such detail exists I for" food program ,~complaints.

The SPIF system does ,show "~I indirectLy, when an order is

issued in response to a -C°mflai~t and -,when the violation is

corrected,but not whether ~;.he~ing 1-s' held. "The nature

of the complaint ,is reCCrdf,onpaper logs (Appendix M).
The electronicrecord~nSP~f does not show the nature of

I

I
the complaint unless the saritariancites a violation. If

certain kinds,of comPl..in1,' ar~' a,ssociated with violations,

The
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i
i

The food complaint system an4 'enforcementactions should be

tallied by computer,preferaflY'intheSPIF system. Future

CART runs could test the lredictive power of different

kinds o~ complaintsand the rffectiv~nessof various steps
in "progressive enforcement" .in ..' preventing further

1 .
. I t . J

v~o a ~ons. j '.

An active foodborneillhess surveillance system. The
j
I

IAMFES Committee oncommunlcable Diseases Affecting Man
!

1

foodborne
I

I

gride in the

establishmentsto receive ~CP evaluations.:31
cobnty Department.of

investigatesisolationsof 4nteric agents by hospital and

other medical laboratorie~ as potential foodborne illness
I

complaints against any .r~staurants ~atients

visited at the beginning of Ithe likely incubation period of
the illness.47 In 1987Se,ttle received 207 reports of

i

campylobacter.,157 of ."~,. 264 of salmonella,and 89 of
!

47 Grendon J. Report: 1 Seattle-King County foodborne
illness surveillance and ,utbreaks, 1986. Seattle, WA:.
Seattle-King County Departm~nt of Public Health, 1986.

i

I

recommends using actual illness complaints

wherever possible to selection of

The Seattle-King Health

may have



I

I

I

j
I

I

shigella. Counting these 71~ reports and Q9 rep~rts of

other agents, th~ir; enteZ;'~ilQ~llness rEi!port,s tQ1;alled 786.

Follow-up of the~~ repprt~ ~n99Ycer~4 30 cQnfirmed
suspected outbr,eak

,

s .O

"

f

"

fOjdbOr!l" "ill!l..ss.N..ar1y

included illness i~ on~I?ersfn. ,;

The Ohio Depar~en~ ,ofr~~~threceiV~q 608 rep~rts of

isolates of enteri~ d~s,easeferm~t:rom~a,tients in F.ranklin

COU!lty i!l 1991: . ~l~, J;;rpY~2b~S;ti!;, 1~~ \Jia~sjj.a, 83
hepatitis A, 167 salmonella" ;jind,24 shigella.

.' .t.,..

In addition:toinves~~~atiQnof e~teric i~olates,

other means are aV~il~~~~ to improve, s~rveillance.

Trai!li!lg th.. pUhlic );>uI;>::~c1~;I,n.goU~r<oaks, 1i'i'ti!lg a pho!l"
!lumb..r for foodb<:>r!le ill!l"S

f

,;..pOrt;I!J, tra

,

i!li!l9 .physicia!ls

and emergency room pers°I!~e , ,.andmore thoroughly training
.' . ! t '

sanitar ians would be,addi,1;ifnal ~t.eps to take. The IAMFES

Coromi ttee on communicap~:.,'DJ'~ei~e~~~ffectingt:1a~ -}tas ,listed
I'

procedures for, e~:t:abli~.hingl,~oodbo:rne i,llness surveillance

48 " I" ,Systems. I

l' ' .,'

The Columbus ,H~altl1..DerartJDent should start an acti ve
foodborne illnesssu~ei).la.nce systeII! whe;ther or not the

us..of CART a!ld,' ,pr~~f~f,~", m~de1s " i,,! 'a!ltic,iPatE!d, a!ld

perform BACCP ..valuatiO!ls.ll1..r."VE>r i!ld~c;atE!d.

105

or

60%

J

48 IAMFEs.procedures'to!'investigate

4th ed. Ames, Iowa: IAMFfS, 1988.
I

fbodborne illness,
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Other recommendationS]
This study' has' assw$ct''-that the effects of risk

I

markers have beenopera~~~grwitnout. biases introduced by

differences in inspect4idn~\>teFhniqUeSamong sani tarians and
J ~,

supervisors. However,corsistency in sanitarianperform-

ance requires ver~fica.tl~~:.,'

l

L:.,:he.Ohio Department of Health
has staff availab1e'Zfo'QSstandardize the inspection

techniquesof food 1'rog~aml ,sJpervisors,who could then

standardize their sanitarianr,"""performance. Each District'

has a coordinator,to managr the flow of paperwork, so

supervisors ought to'befree!"foi field evaluations.
" I ,

Predictionswould probably'have been better if more
I

predictor inspections>'hadl'been available, or' if 'the

outcomes had been fail~:rr time~temperatureviolat1ons

over a period of time,rafner than in just one index

inspection. For exampJ...,'~fhapsU:s'ingthe first 2.5 years
i >

of data to predict faflures ~rithe second 2.5 years wouldI

have been more succeSSfUl)." Using

inspection may have been pla~~ed by the same instability as
I

using just the previous 1Dst,tion, rather than 5 years of
inspections,would have enta!11ed.Similarly, the effective

I

prevalenceof violationscou~d perhaps have been increased
I
I

by using 7 years of records ~ather than 5, if more had been
I

available. The Health Dep~tment should review and, if
I

necessary,mod1fyits po11c~on recorgretention periods.'", "".,
J
i

just one outcome



107

Now that an in-house' computerj'system is in use, electronic

records should never be'destrFyed'~

. Recentlya.surveyof cyvenience . stores in Michigan
found a correlation:>betwe~n,manager knowledge of food

!

sanitation, as revealed" in 'jan a-question test, and the

sanitary condition of the! ':;:,scores,;49, The researchers

recommended mandatory fO~d:, . sanitation training for

convenience storemanagers~.;.~.A, survey to assess the

knowledge of food operaUon rnagerS;in Columbus could be

done rather quickly, and woutd,~erhapsimprove the power of

these predictive models ifi;the ..: resu.lts . wereincl uded in
SPIF. ,", I '

i

If education for food srrvicewo,rkers... is. needed, the

Division's Education Unit cohld,schedule seminars.,

the Columbus Health Depart~ent ~i9ht consider requiring
! -

food service manager certififation. Alternatively, a "food

handler's permit n. could. ~'be , '.."z:equire.ment; to rece.ive the
i

permit, employees 'would hav1 to::pass awrittent~st. This

is a requirement 'in.aeatue1,
. c-..'+'

I

I
I
I

!

This project was to fi*d risk markers for failure of
!

operatio~s,
I

establishments to pass sanitary inspections.
I
i

,

49 Burch NL, Sawyer CA. I Food handling in convenience
stores. Journal of Enviro~ental Health 1991;54:23-27.

j

Also,

Summary

food service markets, and similar

Risk markers
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mishandling

I
I

time-temperature ;.,'viafations,I
associated with higherprpbabilities af, citations

I
I

potentialj1y (hazardous {temperature-

sensitive) foods, ,received!,,especial,attention. Evidence
I

shows this violation, as I 'well, as

for

for that is'; '. factors

of

other "critical"

violations identified duringj inspections, to ' be associated

with outbreaks of foodbornejillness in the community.
I

The Classification. and ./Regression,Trees (CART) program

analyzed computerized ,.j.nspe ion "records of the Columbus

Health Cl\R'D: jidenti fied
i

deviation of inspection S

.

co~s as the best predictor of
inspection failure or time1temperature violations.

I

full-menu restaurants, rec1ivdng three or fewer regular

inspections annually '~as:/also associated
I

j
i

mOde~s can help iden-tify food

operations with higher prob~bilities'ofcausingoutbreaks.

Proposed interventions for Fbese operations include more
frequent inspections,as we~).!,:as Hazard Analysis Critical

Control Point (HACCP) evalu~tions.
i

Department. a :high standard

Among

with these

problems.

The predictive
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Food, Food Protection, ..., Misc~llaneous
J

i
I
I

VARIABLES ~ALUATED
i

I

Outcome variables I
I
I

I
I
I
!
j
I
I

I

I
(Inspection interval) I

Ave. interval between inspection~
SD of scores I

No. of extra inspections in prev~ous
previous inspection (no.) days 4go
(No.) previous 4A, 4B, ..., l8D I

Ave. duration (no.) minutes i

Ave. income in zip code IFSO I

Vending i

Frequency of fail, criticals, 4Af 4B,

Predictor variables

time-temperature violation
inspection failure

time-temperature
critical violation
low score

year

..., l8D

i
I

Predictor variables available tojCART but not
I
I

..., MiSfellaneous
I

I
I
I
i

!
I

I

used

Food, Food Protection,
Commercial
Any violation before?
Purpose
Size of FSO
Ethnicity ~
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