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INTRODUCTION 

The Food and Drug Administration (FDA) has developed this Employee Health and Personal 
Hygiene Handbook to encourage practices and behaviors that can help prevent food employees 
from spreading viruses and bacteria to food. It provides information in a question-and-answer 
format that food establishment management and food employees can use to prevent the spread of 
disease. This handbook also provides easy reference to forms and tables that food establishments 
and the public health community may nd useful when training staff and addressing employee 
health and hygiene matters. The information in this handbook is taken from those provisions 
in the 2005 FDA Food Code and its Supplement aimed at preventing ill food employees from 
transmitting disease. 

The Centers for Disease Control and Prevention (CDC) and FDA cite ve highly infective 
pathogens that can easily be transmitted by food workers and cause severe illness. These ve 
foodborne pathogens, also known as the “Big 5,” include Norovirus, the Hepatitis A virus, Salmonella 
Typhi, Shigella spp., and Escherichia coli (E.coli) O157:H7 or other Enterohemorrhagic or Shiga 
toxin-producing E. coli. Other, less infectious pathogens that can also be transmitted by food 
employees to consumers through contaminated food include Staphylococcus aureus, Salmonella 
spp., and Streptococcus pyogenes. 

This handbook highlights a combination of three interventions that can be effective in prevention 
of the transmission of foodborne viruses and bacteria in food establishments. These interventions 
include: (a) restricting or excluding ill food employees from working with food; (b) using proper 
handwashing procedures; and (c) eliminating bare hand contact with foods that are ready-to-eat 
(RTE).  Concurrent use of each intervention will help prevent the transmission of viruses, bacteria, 
and protozoan oocysts from food employees to consumers through contaminated food. 

Proper management of a food establishment involves ensuring that food employees do 
not work when they are ill and having procedures for identifying employees who may transmit 
foodborne pathogens to food, other employees, and customers. 

Management must ensure that food employees and “conditional” hires alike are aware of the 
reporting requirements for foodborne illness symptoms and diagnoses. When a food employee 
or conditional food employee reports either an exposure to, symptoms of, or a diagnosis with 
foodborne illness, the person in charge (PIC) must take action to prevent the transmission of 
foodborne bacteria and/or viruses from the infected food employee to the food. The PIC must 
understand the requirements for restricting, excluding, and reinstating food employees. 

A correlation between the severity of a food employee’s clinical illness and the level of exclusion 
and restriction required to eliminate the risk has been established. These levels were created to 
protect public health while avoiding unnecessary disruption to the employee schedule and the 
retail establishment’s operation. 
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Proper handwashing reduces the spread of fecal-oral pathogens from the hands of a food 
employee to foods. Handwashing can also help reduce the transmission of other pathogens from 
environmental sources. Effective handwashing includes scrubbing, rinsing, and complete drying 
of hands and is essential for minimizing the likelihood of cross-contamination. The ngernails 
and surrounding areas are often the most contaminated parts of the hand and are also the most 
dif cult part of the hand to get clean. Every stage of handwashing is equally important and has 
an effect in reducing contamination of the hands.   

Handwashing alone might not always successfully remove pathogens from heavily 
contaminated hands, and infected food employees may not always be identi ed and removed 
from food preparation activities. 

“No Bare Hand Contact” is the practice of preventing direct contact with bare hands while 
handling RTE foods. This practice provides a secondary protection against the contamination 
of foods that do not require further cooking with microbial pathogens from the hands of ill food 
employees. 

The 2005 FDA Food Code recognizes the increased risks of foodborne illness in highly 
susceptible populations (HSPs) such as the very young, older adults, and those with compromised 
immune systems. Food establishments in health care; assisted living, child or adult day care, 
hospitals, nursing homes, nursery schools, and senior citizen centers are required to take 
additional precautions to prevent the transmission of foodborne illness. 

For additional information about food safety, employee health and hygiene, and prevention of 
foodborne illness, go to the FDA/Center for Food Safety and Applied Nutrition’s (CFSAN’s) Retail 
Food web page at: http://www.cfsan.fda.gov/~ear/retail.html. 

SOURCE: 
Adapted from the 2005 FDA Food Code and its Supplement, U.S. Department of Health and 
Human Services, Public Health Service, Food and Drug Administration 

http://www.cfsan.fda.gov/~dms/fc05-toc.html (FDA 2005 Food Code) 

http://www.cfsan.fda.gov/~dms/fc05-su2.html (Supplement to the 2005 Food Code) 

Acknowledgements: 

• FDA National Retail Food Team-Marketing Work Group 

• FDA CFSAN Retail Food Protection and Cooperative Programs Coordination Staff/ 
Retail Food Protection Team 
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FOODBORNE ILLNESS 

What causes foodborne illness? 
Over 40 different kinds of bacteria, viruses, parasites, and molds that may occur in food 

can cause foodborne illness. A foodborne illness is commonly referred to as food poisoning or 
“stomach u.” 

What is a foodborne illness outbreak? 
An outbreak is two or more con rmed cases of a similar illness resulting from the ingestion of 

a common food. 

Who is affected by foodborne illness? 
The general population is at risk for foodborne illness. Those individuals categorized as part of 

a Highly Susceptible Population (HSP) are more likely to experience a severe case of foodborne 
illness because they are: 

• Immunocompromised, that is, have an immune system which has been impaired  
by disease or medical treatment;  

• Preschool-age children; 

•  Elderly; 

•  Sick; or 

•  Con ned to facilities that provide custodial care. 

What are the “Big 5” foodborne pathogens? 
The Big 5 is a group of highly infectious foodborne pathogens. These Big 5 pathogens have 

a low infectious dose, contaminate the gastrointestinal system after ingestion, and are shed in 
feces. These pathogens shed in high numbers. A food employee infected with a Big 5 pathogen 
will typically shed hundreds of thousands of pathogens in their feces that can be easily transmitted 
to food even when good handwashing practices are used. Consequently, the illness experienced 
by the consumer can be very severe. 

The Big 5 includes: 

•  Norovirus; 

• Salmonella Typhi (typhoid-like fever); 

• E. coli O157:H7, Enterohemorrhagic or Shiga toxin-producing E. coli; 

• Shigella spp. (causes shigellosis); and 

•  Hepatitis A virus. 
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What are the common symptoms of foodborne illness? 
Common symptoms of foodborne illness typically include diarrhea and/or vomiting. 

What is a common symptom of the hepatitis A virus? 
Jaundice, a common symptom of the hepatitis A virus, often results in a yellowing of the skin, 

mucous membranes, and white portion of the eyes. 
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EMPLOYEE HEALTH AND  
THE FOOD ESTABLISHMENT 

What symptoms of foodborne illness should food establishments 
be most concerned about? 

Food establishments should be most concerned about the following symptoms: 

•  Vomiting 

•  Diarrhea 

• Jaundice (yellow skin or eyes) 

• Sore throat with fever 

• Infected cuts and burns with pus on hands and wrists 

What should food employees do when they have symptoms of vomiting 
or diarrhea? 

If at work: 

• Stop work immediately; 

• Report to management; and 

• Go home and return after at least 24 hours have passed since the  
vomiting and diarrhea symptoms ended.  

If the symptoms occur before the employee arrives to work, he or she should: 

• Notify the manager by telephone; and 

• Do not report to work until at least 24 hours have passed after the  
diarrhea and vomiting symptoms have ended. 

What should food employees do if they are not feeling well and their skin or eyes 
turn yellow? 

Report the symptoms to their manager or employee health department immediately and seek 
medical attention. The employee should not return to work until after receiving clearance from a 
health practitioner.  If the employee is jaundiced for more than 7 days, clearance from the local 
health department is required. 
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What should food employees do if they have an infected wound or cut on their 
hand or arm? 

Report the wound or cut to the manager, and then properly cover it with a clean, impermeable 
bandage and a single-use glove (for hand wounds), before returning to work. 

What should food employees do if they have a sore throat with fever? 
Report the illness to the manager and, if possible, continue working while remaining aware 

that the manager could consider reassignment to a position that does not include the handling 
of food, food-contact equipment, utensils, or single-service articles. If the employee works in a 
food establishment serving an HSP, such as a hospital, nursing home, assisted living facility, or a 
day care center, the employee must stop working and go home until obtaining a clearance from a 
health practitioner and presenting it to the manager. 

Where can food employees learn more about preventing foodborne illness and 
following effective food safety practices? 

Foodborne illness information resources: 

FDA/CFSAN Foodborne Illness link 
http://www.cfsan.fda.gov/~mow/foodborn.html 

The “Bad Bug Book” (Foodborne Pathogenic Microorganisms and Natural Toxins Handbook) 
http://www.cfsan.fda.gov/~mow/intro.html 

CDC National Center for Infectious Diseases 
http://www.cdc.gov/ncidod/diseases/food/index.htm 

Gateway to Government Food Safety Information 
http://www.foodsafety.gov 

You can also get information from a state or local health department, the U.S. Department of 
Agriculture, a tribal authority, or a public research university or extension program. 
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EMPLOYEE HEALTH - MANAGEMENT RESPONSIBILITIES 

What is a food establishment manager’s responsibility for ensuring 
that food employees are trained on the reporting of symptoms 
and the diagnosis of foodborne illness? 

The manager or PIC is to make certain that food employees are trained on the subject of the: 

• Causes of foodborne illness; 

• Relationship between the food employee’s job task, personal hygiene, and  
foodborne illness; 

• Requirements for reporting; and 

•  Speci c symptoms, diagnoses, and exposures that must be reported to the PIC. 

What is a manager’s responsibility regarding informing food employees 
of their reporting requirements? 

(See Form 1-B and refer to Guide 3-C in Annex 7 of the 2005 Food Code) 
Management should explain to food employees the importance of reporting speci  c symptoms 

and any diagnoses or exposures to foodborne illness. Things to be reported to management 
include: 

• Vomiting, diarrhea, jaundice, sore throat with fever, or any exposed boil or open, infected 
wounds or cuts on the hands or arms; 

• An illness diagnosed by a health practitioner that was caused by: Salmonella Typhi 
or typhoid-like fever, Shigella spp., Norovirus, hepatitis A virus, E. coli O157:H7 or other 
Enterohemorrhagic or Shiga toxin-producing E. coli; 

• Past illnesses with typhoid-like fever within the past 3 months, unless treated  
with antibiotics; and 

• Exposure to typhoid-like fever, shigellosis, Norovirus, hepatitis A virus, E. coli O157:H7 
or other Enterohemorrhagic or Shiga toxin-producing E. coli, by eating or serving food 
that was implicated in a foodborne illness outbreak or if residing with a diagnosed 
individual. 

What should a manager do when a food employee reports symptoms of vomiting 
or diarrhea? 

(See Decision Tree 1 and Table 1a (and Table 1b if diagnosed)) 
Ask the food employee to stop work immediately and leave the food establishment. Permit a 

return to work no sooner than 24 hours after vomiting and diarrhea have ended. 
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What should a manager do when a food employee reports symptoms of jaundice? 
(See Decision Tree 1 and Table 1a) 

• Have the food employee stop work immediately. 

• Inquire about how long the employee has been experiencing jaundice or associated 
symptoms of jaundice. 

• Have the food employee leave the food establishment if he or she has had jaundice or 
has been experiencing symptoms of jaundice for less than 7 days. 

• Report cases of jaundice to the regulatory authority and have the food employee’s return 
to work approved by a regulatory authority. 

What should a manager do when a food employee reports symptoms 
of sore throat with fever? 

(See Decision Tree 1 and Table 1a) 
• Place the employee on restricted duty, that is, no working with or around food. 

• Allow food employees to return to work with written medical documentation 
from a health practitioner. 

• If the food employee works in a facility that serves an HSP, exclude the food employee 
from the food establishment. 

What should a manager do if a food employee has or reports an exposed boil 
or infected wound that is open and/or draining on the hands or arms? 

(See Decision Tree 1 and Table 1a) 
Restrict any employee from working with food who has an infected skin lesion with pus, like a 

boil or infected wound that is not properly covered. The manager can lift the restriction once the 
infected area is properly covered or healed. 

What should the manager of a food establishment serving an HSP do if an 
employee reports an exposure to foodborne illness? 

(See Decision Tree 2 and Table 4) 
Restrict the food employee and make sure that training is provided about: 

• The foodborne illness and related symptoms; 

• Handwashing procedures; 

• The prevention of bare hand contact with RTE foods; and 

• The length of restriction and what is required to have the restriction lifted. 
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The manager must restrict food employees exposed to: 

• Norovirus, for at least 48 hours from the time of exposure; 

• Shigella spp. or E. coli O157:H7, for at least 3 days from exposure; 

• Salmonella Typhi, for at least 14 days from exposure; or 

• Hepatitis A virus, until after training has been given about symptoms, the use of bare  
hand contact with RTE food to avoid contamination, proper handwashing, or until at least 
30 days from the initial exposure. 
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EMPLOYEE HEALTH - EMPLOYEE RESPONSIBILITIES 

Do food employees have a responsibility to prevent foodborne illness? 
Yes, food employees share the responsibility with management for preventing foodborne 

illness and are required to know: 

• The relationship between their job responsibilities and the potential risks  
of foodborne illness; 

• How employee health is related to foodborne illness; 

• The need to immediately report symptoms of vomiting, diarrhea, jaundice, sore throat 
with fever, diagnosis of illness caused by a Big 5 pathogen, exposure to a Big 5 
pathogen, or an exposed infected wound or cut on the hands or arms to their manager 
(see Form 1-B); 

• How restriction and/or exclusion from working with food prevents foodborne illness; and 

• How proper hand hygiene and no bare hand contact with RTE food can prevent  
foodborne illness. 

Can food employees work if their symptoms are from a non-infectious condition? 
Yes, food employees can work as long as they can provide medical documentation indicating 

that the symptoms are from a non-infectious condition. Some non-infectious conditions include 
Crohn’s disease (an ongoing disorder that causes in ammation of the gastrointestinal system), 
irritable bowel syndrome, some liver diseases, and symptoms commonly experienced during 
stages of pregnancy. 

If an infected wound, cut, or burn is covered, can employees continue working? 
Yes, food employees can continue working as long as the wound, cut, or burn is properly 

covered with a waterproof cover like a nger cot and a disposable glove, or a dry, durable, tight-
 tting bandage. 

What types of exposure must food employees report to management? 
If a food employee is exposed to any of the following situations, it must be reported, such as 

in cases of: 

• Ingesting or handling food that was implicated in a foodborne outbreak; 

• Consuming food that was prepared by someone with an illness that resulted from one of 
the Big 5 pathogens; 
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• Attending or working in a location that had a con rmed foodborne illness outbreak; 

• Living with someone who works or was in a location that was known to have had a 
foodborne illness outbreak; or 

• Living with someone who was diagnosed with an illness that resulted from one of the 
Big 5 pathogens. 

What other precautions can a food employee take to prevent the spread 
of foodborne illness? 

Food employees can help prevent foodborne illness by: 

• Not touching RTE food with bare hands; 

• Washing hands frequently, especially whenever they are soiled or have touched anything 
that has contaminated them; 

• Not working when ill; 

• Knowing all aspects of food handling and the risk factors associated with foodborne 
illness; and 

• Being aware that uncontrolled risk factors can cause consumers to have foodborne 
illness. 
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EMPLOYEE HEALTH - EXCLUSIONS AND RESTRICTIONS 

What is “exclusion”? 
Exclusion means a food employee is not permitted to work in or enter a food establishment 

as a food employee. This requirement applies to areas where food is received, prepared, stored, 
packaged, served, vended, transported, or purchased. 

What is “restriction”? 
Restriction means a food employee’s activities are limited to prevent the risk of transmitting a 

disease that is transmissible through food. A restricted employee cannot work with exposed food, 
clean equipment, utensils, linens, or unwrapped single-service or single-use articles. 

Who can exclude or restrict a food employee? 
The PIC of an establishment has the authority to exclude or restrict a food employee from a 

food establishment to prevent the transmission of disease through food. The regulatory authority 
also has the authority to exclude or restrict a food employee who is suspected of being at risk of 
transmitting foodborne illness. 

When is an exclusion or a restriction initiated? 
The need for exclusions and restrictions is based on the level of risk for transmitting disease 

through food. Four levels of risk determine when to apply exclusions and restrictions. The levels 
range from the highest risk to public health, which consists of active symptoms of diarrhea, 
vomiting, or jaundice, to the lowest risk level, wherein individuals are well but have been exposed 
to one of the Big 5 pathogens. 

The appropriate action also depends on whether or not the establishment is one that serves 
HSPs. 

Keep in mind that excluded individuals may not work in a food establishment in any capacity 
although they can enter the establishment as a customer.  If food employees are restricted 
or excluded in one food establishment, they may not work as unrestricted food employees 
elsewhere. 

Further, a restricted food employee’s job duties must not allow contact with exposed food, 
utensils, food equipment, single-service or single-use articles, or linens. Job duties for restricted 
individuals may include working as a cashier, seating patrons, bussing tables, stocking canned or 
other packaged foods, or working in non-food cleaning or maintenance tasks. 
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To simplify when to exclude or restrict employees, refer to the decision trees and tables that 
are available in this handbook as well as the 2005 FDA Food Code and its Supplement. 

• See Tables 1a and 1b in this handbook and in the 2005 FDA Food Code, for the 
appropriate action to take if symptoms are reported. 

• See Table 2 in this handbook and in the 2005 FDA Food Code, for the appropriate 
action to take if the diagnosis reported is Norovirus, shigellosis, or E. coli O157:H7 or 
other Enterohemorrhagic E. coli and symptoms have been resolved. 

• See Table 3 in this handbook and in the 2005 FDA Food Code, for the appropriate action 
to take if the diagnosis reported is typhoid fever (S. Typhi) or hepatitis A, but the food 
employee is asymptomatic (never develops symptoms). 

• See Table 3 in this handbook and in the 2005 FDA Food Code, for the appropriate action 
to take if the diagnosis reported is Norovirus, shigellosis (Shigella spp.), E. coli O157:H7 
or other Enterohemorrhagic E. coli, but the food employee is asymptomatic (never 
develops symptoms). 

What actions should the PIC take when employees or conditional employees 
report exposure without being diagnosed or experiencing symptoms of 
foodborne illness? 

The PIC must take action to prevent the transmission of foodborne bacteria and viruses from 
infected food workers to food. Use the information below to determine whether the appropriate 
action to take is to use exclusion or restriction, or to simply increase awareness concerning 
handwashing and handling of food. Consult the local regulatory authority or food inspector to 
con rm how state or local codes and ordinances may apply. 

In establishments serving an HSP: 

• Restrict employees exposed to: Typhoid fever, shigellosis, Norovirus, and 
E. coli O157:H7 or other Enterohemorrhagic or Shiga toxin-producing E. coli. 

For an employee exposed to the hepatitis A virus, the PIC should:  

• Restrict the employee; 

• Educate the employee about strict adherence to handwashing procedures to ensure that 
no bare hand contact is occurring with RTE food for at least 30 days; or 

• Obtain medical documentation of immunity through a previous hepatitis A virus infection, 
previous immunization, or IgG vaccination. 

In establishments serving the general public, educate exposed employees about reporting, 
symptoms, diagnosis, handwashing, and no bare hand contact with RTE food. 
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Who can lift the exclusions and restrictions? 
In many cases, the manager or PIC removes, adjusts, or retains the exclusion or the restriction. 

In some cases, an approval from a regulatory authority and a medical practitioner is required to 
lift an exclusion or restriction. 

Allowing food employees to return to work after restriction or exclusion depends on several 
factors. Each of the Big 5 foodborne pathogens has unique characteristics of its illness. How long 
pathogens are shed in the stool and vomit affects when a food employee can return to work. 

Considerations for the PIC include: 

• Was the employee asymptomatic? 

• Is medical documentation required? 

• Is regulatory authority approval required for return to work? 

Note: Consult with your local jurisdiction, and use the following instructions to 
determine when an employee may return to work after restriction or exclusion. 

Further details are available in this handbook and in section 2-201.12, Tables 1a-4 
in Annex 3 - Public Health Reasons/Administrative Guidelines of the 2005 Food Code. 

• See Table 1a in this handbook and in the 2005 FDA Food Code for information on 
when to reinstate an employee who was restricted or excluded only because of 
symptoms. 

• See Table 1b in this handbook and in the 2005 FDA Food Code for information on when 
to reinstate an employee who was excluded or restricted because of a diagnosis with or 
without symptoms. 

• See Table 4 in this handbook and in the 2005 FDA Food Code for information on when 
to reinstate an employee who was restricted at a facility serving an HSP because of a 
history of exposure with no following symptoms or diagnosis. 
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EMPLOYEE HEALTH AND THE  
AMERICANS WITH DISABILITIES ACT 

What is Title 1 of the Americans with Disabilities Act of 1990 (ADA)? 
Title I of the ADA is a federal law that prohibits private employers, state and local governments, 

employment agencies and labor unions from discriminating against quali ed individuals with 
disabilities in job application procedures, hiring, ring, advancement, compensation, job training, 
and other terms, conditions, and privileges of employment. 

Title I also limits an employer’s ability to make disability-related inquiries and require medical 
examinations at three stages of the employment relationship – pre-offer, post-offer, and during 
employment: 

• Prior to extending a conditional offer of employment, employers may not ask any 
disability-related questions or require medical examinations, even if related to the job. 
This means that employers may not ask job applicants about the existence, nature, or 
severity of a disability. 

• Once a conditional offer of employment is made, an employer may make disability-
related inquiries and conduct medical examinations, regardless of whether they are 
related to the job, as long as the employer does so for all entering employees in the 
same job category.  

• After employment begins, an employer may make disability-related inquiries and require 
medical examinations only if they are job-related and consistent with business necessity. 

Should a food establishment make a conditional offer of employment 
prior to making inquiries about an applicant’s medical health status? 

Yes, in order to comply with the ADA and the FDA Food Code, a food establishment must make 
a conditional job offer to the potential food employee before making medical inquiries.  Once a 
conditional job offer is made, employers may ask medical questions and require medical exams, 
as long as employers treat all applicants the same for the same type of job. See Form 1-A. 

Does the ADA require that employers provide reasonable accommodations 
to quali ed job candidates and employees with disabilities? 

Yes.  A reasonable accommodation is a change in the work environment or in the way a 
job or parts of a job are customarily done that enables a person with a disability to enjoy equal 
employment opportunities. 
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What should an employer do if a food employee who has been excluded due to 
an illness resulting from a Big 5 pathogen requests a reasonable accommodation 
under the ADA? 

For most people, having a disease resulting from one of the Big 5 pathogens does not 
constitute having a disability under the ADA.  These diseases are usually short-term. If a person 
does not have an ADA disability, the food service employer may follow the Food Code’s guidance 
on exclusions without considering the ADA.  However, the employer should not assume that a 
disease resulting from a Big 5 pathogen is never a disability.  If an employee requests a reasonable 
accommodation after being excluded, the employer should question the employee to determine 
whether he or she is an individual with a disability due to the illness caused by one of the Big 5.1 

Even if the individual has a disability resulting from a Big 5 pathogen, the ADA allows an 
employer to refuse to assign or continue to assign the employee to a job involving food handling, 
as long as the risk of transmitting the disease cannot be eliminated by reasonable accommodation. 
See 42 U.S.C. 12113(d)(3). 

If the employee is disabled by one of the foodborne diseases listed in the Food Code, the 
employer may continue to exclude the employee only if the employer determines that: 

• There is no reasonable accommodation at work that would eliminate the risk of 
transmission of the disease while at the same time allowing the employee to work in a 
food handling position; or 

• All possible reasonable accommodations would pose an undue hardship on the 
employer’s business; and 

• There is no vacant position not involving food handling for which the employee is 
quali ed and to which the employee can be reassigned. 

Should job applicants and food employees provide information to their employer 
that would help to identify whether a fellow employee is suffering from a disease 
that can be transmitted through food? 

Yes. Reporting information related to health status of other employees is required. Once the 
PIC is noti ed, appropriate action can be taken to prevent the likelihood of the transmission of 
foodborne illness. 

Under the ADA, the CDC must annually publish a list of infectious and communicable diseases. 
The list includes pathogens, such as viruses and other microorganisms, often transmitted by food 
contaminated by infected persons who handle food. The list also describes the methods by which 
such diseases are transmitted. The ADA has special rules for people in food handling jobs who 
have diseases due to the pathogens on the CDC list. See 29 C.F.R. § 1630.16(e). 

1 The Food Code also requires that employees who have certain symptoms associated with foodborne illnesses be 
excluded or restricted from performing certain functions, such as food handling. It is very unlikely, however, that a 
person who has not been diagnosed with a disease, and has only one or more of the symptoms listed in the Food Code, 
has an ADA disability by virtue of these symptoms alone. 
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Employers may follow state or local communicable disease reporting laws that are in 
accordance with the CDC list and are designed to protect public health from individuals who 
pose a signi cant risk to the health and safety of others, where that risk cannot be eliminated by 
reasonable accommodation. See 29 C.F.R. § 1630.16(e)(2). 

The CDC’s List of Infectious and Communicable Diseases that are transmitted through handling 
the food supply and the methods by which such diseases are transmitted can be found within the 
Federal Register Notice of Vol. 71, No. 186 / Tuesday, September 26, 2006, at http://frwebgate. 
access.gpo.gov/cgi-bin/getpage.cgi?dbname=2006_register&position=all&page=56152. 

Where is speci c information about disabilities and ADA requirements found? 
Information about the ADA is available in “How to Comply with the Americans with Disabilities 

Act: A Guide for Restaurants and Other Food Service Employers,” at: 

http://www.eeoc.gov 
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EMPLOYEE HEALTH AND HIGHLY  
SUSCEPTIBLE POPULATIONS 

Every effort must be made to closely monitor the food preparation operations for the highly 
susceptible population (HSP). Managers and food employees must take the needed precautions 
to prevent the spread of infectious pathogens and viruses to this vulnerable group of people. 

What makes a population highly susceptible? 
A population is highly susceptible to foodborne illness if it is: 

• Immunocompromised, preschool-age children, older adults, and individuals who obtain 
food at a facility that provides services such as custodial care, health care, or assisted 
living, or in a child or adult day care center, kidney dialysis center, hospital, nursing 
home, or nutritional or senior center. 

What should the manager of a food establishment serving an HSP do to help 
protect the HSP from exposure to viruses and harmful pathogens? 

• Carefully follow protocols for exclusion and restriction, adjusting and reinstating food 
employees’ work status in the establishment. 

• Ensure that employees are properly trained in food safety as it relates to their duties and 
use additional safeguards required for working in an HSP. 

• Reinforce employee compliance to guarantee good hygienic practices, acknowledge 
onset of symptoms, meet reporting requirements, and ensure no bare hand contact with 
RTE food by educating food employees on the importance of following this best practice. 

• Ensure that employees have access to facilities that are well-maintained, and have the 
necessary supplies available to follow proper hygienic practices. 

What can food employees do to help prevent the spread of disease in a 
food establishment that serves an HSP? 

• Comply with meeting reporting requirements and informing their manager if they are 
experiencing vomiting, diarrhea, jaundice, and/or sore throat with fever. 

• Keep hands and arms clean. 

• Follow proper handwashing procedures. 

• Wash hands as required using designated handwashing sinks only. 

•  Maintain trimmed ngernails. Edges and surfaces should be smooth and cleanable. 

• Do not wear jewelry on hands and arms except for a plain ring, like a wedding band. 
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• Use single-use gloves for one task. If the gloves are damaged or soiled or when 
interruptions occur in the process, they must be discarded. 

• Do not touch RTE foods with bare hands, and minimize bare hand contact with exposed 
food that is not RTE. 

• Do not use a utensil more than once to taste food that is to be served or sold. 

• Wear clean clothes and hair restraints. 

• Do not work with exposed food if experiencing persistent sneezing, coughing, or a runny 
nose or discharge from eyes, nose, or mouth. 

• Eat and drink in designated areas to avoid the contamination of exposed food, food 
equipment, utensils, linen, and unwrapped single-service and single-use items or items 
that require protection. Drink from a closed beverage container, and handle the container 
properly to prevent the contamination of their hands and the container, exposed food, or 
other articles in the food establishment. 

Are there instances where a prospective employee should be denied 
employment in a food establishment serving an HSP? 

Yes. When a conditional job offer is made contingent on responses to questions or medical 
examinations that are designed to nd out whether the individual has an illness that can be 
transmitted through food, and the prospective employee: 

• Has or reports symptoms such as vomiting, diarrhea, jaundice, or sore throat with fever, 
or has a lesion with pus, or has an uncovered open wound on hands, wrists, or 
on other body parts; 

• Reports a diagnosed illness contracted from Norovirus, hepatitis A virus, Shigella spp., 
E. coli O157:H7, Enterohemorrhagic or Shiga toxin-producing E. coli, Salmonella Typhi; 
or 

• Reports having a diagnosis of illness from Salmonella Typhi within the last 3 months 
without completing treatment prescribed by a health practitioner; 

• Has been exposed to, or implicated as, a suspected source by eating or preparing food 
associated with a con rmed disease outbreak; or 

• Reports a history of exposure that includes being in a setting of a con  rmed disease 
outbreak and living in the same household with someone who was in the area of a 
con rmed outbreak or who was diagnosed with an illness that was caused by a speci c 
illness as previously described in the section. 

Under one or more of these circumstances, an individual should not be allowed to become a 
food employee until the applicable criteria as speci ed in section 2-201.13 of the 2005 Food Code 
are met. 
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PERSONAL HYGIENE  

What is effective handwashing? 
It is the act of cleansing hands by applying soap and water, rubbing them together vigorously, 

rinsing them with clean water, and thoroughly drying them. This process gets rid of dirt and germs. 
Every handwashing stage is important and effectively contributes to soil removal and reduction of 
microorganisms that can cause illness. 

Why is handwashing important? 
Handwashing reduces the spread of pathogenic microorganisms that are transmitted through 

food. The hands of food employees can be colonized with microorganisms such as Staphylococcus 
aureus or contaminated with organisms from human fecal material, such as Norovirus, Shigella 
spp., hepatitis A virus, E. coli O157:H7, or Salmonella Typhi, or contaminated from raw animal 
foods, with E. coli O157:H7 and Salmonella spp. These and other pathogenic microorganisms can 
get on the hands from a number of sources and then move from hands to food during preparation 
and service. 

An infected food employee and/or food employees with unclean hands, and exposed portions 
of arms or ngernails, can contaminate food. If a consumer eats contaminated food, foodborne 
illness may result. 

When should food employees wash their hands? 
They should do this immediately after engaging in activities that contaminate the hands and: 

• When entering a food preparation area; 

• Before putting on clean, single-use gloves for working with food and  
between glove changes; 

• Before engaging in food preparation; 

• Before handling clean equipment and serving utensils; 

• When changing tasks and switching between handling raw foods and  
working with RTE foods; 

• After handling soiled dishes, equipment, or utensils; 

• After touching bare human body parts, for example, parts other than  
clean hands and clean, exposed portions of arms; 

• After using the toilet; 

• After coughing, sneezing, blowing the nose, using tobacco, eating, or drinking; and 

• After caring for or handling services animals or aquatic animals such as molluscan 
shell sh or crustacea in display tanks. 
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What handwashing steps do food employees need to follow? 
Clean hands and exposed portions of arms, including surrogate prosthetic devices for hands 

and arms, for at least 20 seconds by the following method: 

(1) Rinse under clean, warm running water; 

(2) Apply soap and rub all surfaces of the hands and ngers together vigorously with friction 
for at least 10 to 15 seconds, giving particular attention to the area under the ngernails, 
between the ngers/ ngertips, and surfaces of the hands, arms, and surrogate 
prosthetic devices; 

(3) Rinse thoroughly with clean, warm running water; and 

(4) Thoroughly dry the hands and exposed portions of arms with single-use paper toweling, 
a heated-air hand-drying device, or a clean, unused towel from a continuous towel 
system that supplies the user with a clean towel. 

Avoid recontamination of hands and arms by using a clean barrier, such as a paper towel, 
when turning off hand sink faucets or touching the handle of a restroom door. 

It is important to follow these steps to remove germs from hands and ensure hands are as 
clean as possible. Thorough handwashing with warm water, the recommended amount of soap 
as indicated by the manufacturer, and proper hand drying are essential to reduce the possibility 
of hands transferring microorganisms to food. 

How important is the temperature of water used for handwashing? 
Warm water is generally more comfortable than cold water and encourages handwashing 

for the recommended duration. The water temperature used in handwashing can also affect the 
solubility or emulsi cation of some soils. Warm water is more effective than cold water in removing 
fatty soils. An adequate ow of warm water will cause soap to lather and aid in ushing soil quickly 
from the hands. The 2005 FDA Food Code speci es a minimum handwashing water temperature 
of 38oC (100oF). 

How important is properly drying your hands after handwashing? 
Hand drying is a vital part of the handwashing process because thorough hand drying can 

provide an added reduction of microorganisms on the hands. The 2005 FDA Food Code lists 
three different effective methods. These include drying the hands with an air dryer and using a 
single-use towel or a clean, unused towel. 

Can hand antiseptics (hand sanitizers) be used in place of adequate handwashing 
in food establishments? 

No. Hand antiseptics should be used only in addition to proper handwashing. 
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What are some ways a food establishment can promote compliance 
with handwashing requirements? 

Train food employees on: 

• When to wash hands; 

• How to wash hands; and 

• Where to wash hands. 

Stress the importance of: 

• Following proper cleaning procedures; 

• Keeping hands and exposed portions of arms, including surrogate prosthetic devices 
for hands and arms, clean; 

•  Keeping  ngernails trimmed; 

• Washing hands only in designated handwashing sinks; and 

• Following the appropriate use of hand antiseptics.  

Managers are responsible for: 

• Ensuring that food employees wash their hands, as required; 

• Providing accessible, properly maintained, designated handwashing sinks; 

• Making sure that handwashing sinks have clean, running warm water, soap and paper 
towels, or other approved means for drying; 

• Posting signage that noti es food employees of the handwashing requirement; and 

• Monitoring food employees to ensure proper handwashing and good hand hygiene 
protocol during the work shift. 

Tips for promoting effective handwashing practices in food establishments: 
• Make food employees aware of media coverage on local and national foodborne 

outbreaks. This awareness reinforces the reporting of symptoms, illness, and good 
handwashing procedures. 

• Create opportunities to remind food employees each week about the importance 
of hand hygiene. 

• Emphasize handwashing at the beginning of a shift, after using the toilet, after handling 
raw meat, and between changes of gloves. This emphasis will help keep good hand 
hygiene at the forefront. 

• Use a “buddy” system so that fellow food employees can support each other. 

• Use training and incentive programs to motivate food employees to take ownership and 
practice good personal hygiene habits. 
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An FDA study published in 2004 found food establishments were frequently out of compliance 
with the Food Code requirements for proper and adequate handwashing. In the study, the percent 
of food establishments observed to be out of compliance with handwashing requirements ranged 
from 34% in hospitals to 73% in full-service establishments. 

The following elements can impact handwashing compliance among food employees: 

• Make it a Priority: When management enforces handwashing compliance as a 
mandatory requirement, employees are more likely to follow the requirement. 

• Motivate: Provide motivation for handwashing, which has proven to have an impact on 
improving handwashing compliance. 

• Remove Deterrents: Conveniently located handwashing sinks have a huge impact on 
handwashing compliance. Studies have found that availability of handwashing sinks 
supplied with soap and running water has a big in uence on compliance; however, 
materials and practices that cause irritation to the skin can decrease handwashing 
compliance. For example, excessive handwashing or use of harsh soaps can lead to 
skin irritation and subsequently decrease handwashing compliance. 

• Provide Positive Reinforcement: Rewards for compliance generally have a positive 
impact on improving handwashing compliance. 

Should food employees with one hand or those with a surrogate prosthetic 
device for hands and arms follow these handwashing procedures? 

Yes, this requirement for thorough handwashing is achievable through reasonable 
accommodation in accordance with the ADA.  In order to achieve the intent of this requirement, 
devices are available that are attachable to a lavatory. These devices enable a one-handed food 
employee to generate the necessary friction to achieve the intent of this requirement. 
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NO BARE HAND CONTACT  
WITH READY-TO-EAT FOODS 

When hands are heavily contaminated, effective handwashing practices may not be enough 
to prevent the transmission of transient pathogens from the hands to RTE foods.  The 2005 FDA 
Food Code discourages bare hand contact with RTE food (i.e., food that is eaten without further 
washing or cooking) and requires the use of suitable utensils such as scoops, spoons, forks, 
spatulas, tongs, deli tissue, single-use gloves, or dispensing equipment when handling these food 
items. 

Bare hand contact with an RTE food, such as sandwiches and salads, can result in contamination 
of food and contribute to foodborne illness outbreaks. Therefore, food employees should always 
use suitable utensils such as spatulas, tongs, single-use gloves, or dispensing equipment when 
handling RTE foods.  Single-use gloves used along with handwashing can be an effective barrier 
to decrease the transfer of microorganisms from the hand to food. However, gloves are not 
total barriers to microbial transmission, and will not be an effective barrier alone for food workers 
without education on proper glove use and handwashing requirements. 

Follow these instructions for the use of single-use gloves: 

• Always wash hands before donning gloves. 

• Change disposable gloves between handling raw products and RTE products. 

• Do not wash or reuse disposable gloves. 

• Discard torn or damaged disposable gloves. 

• Cover an infected lesion (cut, burn, or boil) with pus with a waterproof covering and 
disposable glove. 

• Wear disposable gloves over arti cial nails, nail polish, or uncleanable orthopedic  
support devices.  

The 2005 FDA Food Code allows bare hand contact with RTE food only when the regulatory 
authority has granted prior approval for an alternative procedure. The alternative procedure must 
address the management of food employees and related food handling activities to prevent food 
contamination, including the enforcement of thorough handwashing practices after toilet use. 

Additional information on hand hygiene is available in the FDA/CFSAN Food Service Food 
Safety Fact Sheet entitled Hand Hygiene in Retail & Food Service Establishments, found at: 

http://vm.cfsan.fda.gov/~comm/handhyg.html 
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FORMS, TABLES, AND DECISION TREES* 

FORMS 

Form 1-A Conditional Employee and Food Employee Interview  

Form 1-B Conditional Employee or Food Employee Reporting Agreement 

Form 1-C Conditional Employee or Food Employee Medical Referral 

Form 1-D Application for Bare Hand Contact Procedure  

TABLES 

2-201.12 
Table 1a: Summary of Requirements for Symptomatic Food Employees 

Table 1b: Summary of Requirements for Diagnosed, Symptomatic Food Employees 

Table 2: Summary of Requirements for Diagnosed Food Employees 
with Resolved Symptoms 

Table 3: Summary of Requirements for Diagnosed Food Employees 
Who Never Develop Gastrointestinal Symptoms 

Table 4: History of Exposure, and Absent Symptoms or Diagnosis 

DECISION TREES 

2-201.11 / 2-201.12 Decision Tree 1. 
When to Exclude or Restrict a Food Employee Who Reports a Symptom and 
When to Exclude a Food Employee Who Reports a Diagnosis with Symptoms 
Under the Food Code 

2-201.11 / 2-201.12 Decision Tree 2. 
When to Exclude or Restrict a Food Employee Who is Asymptomatic and Reports 
a Listed Diagnosis and When to Restrict a Food Employee Who Reports a Listed 
Exposure Under the Food Code 

* Note: Editorial changes made to the forms, tables, and decision trees on the following pages were for clarity only. 
No substantive changes were made, and parallel editorial changes are planned for the 2009 FDA Food Code. 
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FORM 1-A Conditional Employee and Food Employee Interview 

Preventing Transmission of Diseases through Food by Infected Food Employees 
or Conditional Employees with Emphasis on Illness due to Norovirus, Salmonella 
Typhi (S. Typhi), Shigella spp., Enterohemorrhagic (EHEC) or Shiga Toxin-producing 
Escherichia coli (STEC), or Hepatitis A Virus 

The purpose of this interview is to inform conditional employees and food employees 
to advise the person in charge of past and current conditions described so that the person 
in charge can take appropriate steps to preclude the transmission of foodborne illness. 

Conditional Employee Name (print) ______________________________________________ 

Food Employee Name (print) ___________________________________________________ 

Address ____________________________________________________________________ 

Telephone – Daytime: ________________________ Evening:  ________________________ 

Date ______________________________________ 

Are you suffering from any of the following symptoms? (Circle one)

         If YES, Date of Onset

 Diarrhea?     YES / NO __________________

Vomiting?     YES / NO __________________

Jaundice?     YES / NO __________________ 

Sore throat with fever? YES / NO __________________

  Or  

 

 

 

Infected cut or wound that is open and draining, or lesions containing pus on the hand, 
wrist, an exposed body part, or other body part and the cut, wound, or lesion not properly 
covered?

  YES / NO (Examples: boils and infected wounds, however small) 

In the Past: 

Have you ever been diagnosed as being ill with typhoid fever (S. Typhi) YES / NO 

If you have, what was the date of the diagnosis? __________________________________ 

If within the past 3 months, did you take antibiotics for S. Typhi?   YES / NO 

If so, how many days did you take the antibiotics? ___________________________ 

If you took antibiotics, did you nish the prescription? ______________ YES / NO 
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FORM 1-A (continued) 

History of Exposure: 
1. Have you been suspected of causing, or have you been exposed 

to, a con rmed foodborne disease outbreak recently? YES / NO 

If YES, date of outbreak:  ____________________________________________ 

a. If YES, what was the cause of the illness and did it meet the following criteria? 

Cause: _______________________________________________________________ 

i. Norovirus (last exposure within the past 48 hours) 
Date of illness outbreak __________ 

ii. E. coli O157:H7 infection (last exposure within the past 3 days) 
Date of illness outbreak __________ 

iii. Hepatitis A virus (last exposure within the past 30 days) 
Date of illness outbreak __________ 

iv. Typhoid fever (last exposure within the past 14 days) 
Date of illness outbreak __________ 

v. Shigellosis (last exposure within the past 3 days) 
Date of illness outbreak __________ 

b. If YES, did you:  

i. Consume food implicated in the outbreak? _______________________________ 

ii. Work in a food establishment that was the source of the outbreak? ___________ 

iii. Consume food at an event that was prepared by person who is ill? ___________ 

2. Did you attend an event or work in a setting recently where there 
was a con rmed disease outbreak? YES / NO 

If so, what was the cause of the con rmed disease outbreak? _____________ 
__________________________________________________________________ 

If the cause was one of the following  ve pathogens, 
did exposure to the pathogen meet the following criteria? 

a. Norovirus (last exposure within the past 48 hours) YES / NO

 b. E. coli O157:H7 (or other EHEC/STEC) 
(last exposure within the past 3 days) YES / NO 

c. Shigella spp. (last exposure within the past 3 days) YES / NO

 d. S. Typhi (last exposure within the past 14 days) YES / NO 

e. Hepatitis A virus (last exposure within the past 30 days) YES / NO 
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FORM 1-A (continued) 

Do you live in the same household as a person diagnosed with Norovirus, 
shigellosis, typhoid fever, hepatitis A, or illness due to E. coli O157:H7 or 
other EHEC/STEC? 

YES / NO Date of onset of illness ______________ 

3. Do you have a household member attending or working in a setting where there is 
a con rmed disease outbreak of Norovirus, typhoid fever, shigellosis, EHEC/STEC 
infection, or hepatitis A? 

YES / NO Date of onset of illness ______________ 

Name, Address, and Telephone Number of your Health Practitioner or Doctor:  

Name __________________________________________________________________ 

Address ________________________________________________________________ 

Telephone – Daytime:______________________ Evening:  _______________________ 

Signature of Conditional Employee ________________________________ Date ________ 

Signature of Food Employee ______________________________________ Date ________ 

Signature of Permit Holder or Representative ________________________ Date ________ 
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FORM 1-B Conditional Employee or Food Employee Reporting Agreement 

Preventing Transmission of Diseases through Food by Infected Conditional Employees 
or Food Employees with Emphasis on Illness due to Norovirus, Salmonella Typhi, 
Shigella spp., Enterohemorrhagic (EHEC) or Shiga Toxin-producing Escherichia coli 
(STEC), or Hepatitis A Virus 

The purpose of this agreement is to inform conditional employees or food employees 
of their responsibility to notify the person in charge when they experience any of the 
conditions listed so that the person in charge can take appropriate steps to preclude the 
transmission of foodborne illness. 

I AGREE TO REPORT TO THE PERSON IN CHARGE: 

Any Onset of the Following Symptoms, While Either at Work or Outside of Work, Including 
the Date of Onset: 

1. Diarrhea  

2. V omiting 

3. Jaundice  

4.  Sore throat with fever 

5.  Infected cuts or wounds, or lesions containing pus on the hand, wrist, an exposed body 
part, or other body part and the cuts, wounds, or lesions are not properly covered (such 
as boils and infected wounds, however small) 

Future Medical Diagnosis: 

Whenever diagnosed as being ill with Norovirus, typhoid fever (Salmonella Typhi), 
shigellosis (Shigella spp. infection), Escherichia coli O157:H7 or other EHEC/STEC infection, 
or hepatitis A (hepatitis A virus infection) 

Future Exposure to Foodborne Pathogens: 

1.  Exposure to or suspicion of causing any con rmed disease outbreak of  
Norovirus, typhoid fever, shigellosis, E. coli O157:H7 or other EHEC/STEC  
infection, or hepatitis A. 

2.  A household member diagnosed with Norovirus, typhoid fever, shigellosis, illness 
due to EHEC/STEC, or hepatitis A.  

3.  A household member attending or working in a setting experiencing a con rmed 
disease outbreak of Norovirus, typhoid fever, shigellosis, E. coli O157:H7 or other 
EHEC/STEC infection, or hepatitis A. 

37 



FORM 1-B (continued) 

I have read (or had explained to me) and understand the requirements concerning my responsibilities 
under the Food Code and this agreement to comply with: 

1. Reporting requirements speci ed above involving symptoms, 
diagnoses, and exposure speci ed; 

2. Work restrictions or exclusions that are imposed upon me; and 

3. Good hygienic practices. 

I understand that failure to comply with the terms of this agreement could lead to action by the 
food establishment or the food regulatory authority that may jeopardize my employment and may 
involve legal action against me. 

Conditional Employee Name (please print) ________________________________________ 

Signature of Conditional Employee ________________________________ Date _________ 

Food Employee Name (please print) _____________________________________________ 

Signature of Food Employee _____________________________________ Date _________ 

Signature of Permit Holder or Representative _______________________ Date _________ 
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_____________________________________________________________________ 

FORM 1-C Conditional Employee or Food Employee Medical Referral 

Preventing Transmission of Diseases through Food by Infected Food Employees with 
Emphasis on Illness due to Norovirus, Typhoid Fever (Salmonella Typhi), Shigellosis 
(Shigella spp.), Escherichia coli O157:H7 or other Enterohemorrhagic (EHEC) or 
Shiga Toxin-producing Escherichia coli (STEC), and Hepatitis A Virus 

The Food Code speci  es, under Part 2-2 Employee Health Subpart 2-201 Disease or 
Medical Condition, that Conditional Employees and Food Employees obtain medical clearance 
from a health practitioner licensed to practice medicine, unless the Food Employees have complied 
with the provisions speci ed as an alternative to providing medical documentation, whenever the 
individual: 

1. Is chronically suffering from a symptom such as diarrhea; or 

2.  Has a current illness involving Norovirus, typhoid fever (Salmonella Typhi), shigellosis 
(Shigella spp.), E. coli O157:H7 infection (or other EHEC/STEC), or hepatitis A virus 
(hepatitis A), or 

3.  Reports past illness involving typhoid fever (S. Typhi) within the past 3 months (while 
salmonellosis is fairly common in the United States, typhoid fever, caused by infection 
with S. Typhi, is rare). 

Conditional employee being referred: (Name, please print) ___________________________ 

Food Employee being referred: (Name, please print) ________________________________ 

4.  Is the employee assigned to a food establishment that serves a population that meets 
the Food Code de nition of a highly susceptible population such as a day care center 
with preschool-age children, a hospital kitchen with immunocompromised persons, or an 
assisted living facility or nursing home with older adults? YES NO 

Reason for Medical Referral: The reason for this referral is checked below: 

Is chronically suffering from vomiting or diarrhea; or (specify) ______________________ 

Diagnosed or suspected Norovirus, typhoid fever, shigellosis, E. coli O157:H7 (or other  
EHEC/STEC) infection, or hepatitis A.  (Specify) ________________________________ 

Reported past illness from typhoid fever within the past 3 months.  
(Date of illness) _________________________________________________________ 

Other medical condition of concern per the following description: __________________  
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FORM 1-C (continued) 

Health Practitioner’s Conclusion:  (Circle the appropriate one; refer to reverse side of form) 

Food employee is free of Norovirus infection, typhoid fever (S. Typhi infection), 
Shigella spp. infection, E. coli O157:H7 (or other EHEC/STEC infection), or hepatitis A 
virus infection, and may work as a food employee without restrictions. 

Food employee is an asymptomatic shedder of E. coli O157:H7 (or other EHEC/STEC), 
Shigella spp., or Norovirus, and is restricted from working with exposed food; clean 
equipment, utensils, and linens; and unwrapped single-service and single-use articles in 
food establishments that do not serve highly susceptible populations. 

Food employee is not ill but continues as an asymptomatic shedder of E. coli 
O157:H7 (or other EHEC/STEC) and Shigella spp. and should be excluded from 
food establishments that serve highly susceptible populations such as those who are 
preschool age, immunocompromised, or older adults and in a facility that provides 
preschool custodial care, health care, or assisted living. 

Food employee is an asymptomatic shedder of hepatitis A virus and should be 
excluded from working in a food establishment until medically cleared. 

Food employee is an asymptomatic shedder of Norovirus and should be excluded from 
working in a food establishment until medically cleared, or for at least 24 hours from the 
date of the diagnosis. 

Food employee is suffering from Norovirus, typhoid fever, shigellosis, E. coli O157:H7 
(or other EHEC/STEC infection), or hepatitis A and should be excluded from working in 
a food establishment. 

COMMENTS: (In accordance with Title I of the Americans with Disabilities Act (ADA) and to 
provide only the information necessary to assist the food establishment operator in preventing 
foodborne disease transmission, please con ne comments to explaining your conclusion and 
estimating when the employee may be reinstated.) 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

Signature of Health Practitioner ____________________________ Date ________________ 
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______________________________________________________________________ 
______________________________________________________________________ 

FORM 1-D Application for Bare Hand Contact Procedure
  (As speci ed in Food Code ¶ 3-301.11(D)) 

Please type or print legibly using black or blue ink 

1. Establishment Name: ___________________________________________________ 

2. Establishment Address:  _________________________________________________ 

3. Responsible Person: __________________________________ Phone: ___________ 

Legal Representative  
Business 

4.  List Procedure and Speci c Ready-to-Eat Foods to be considered for use of bare 
hand contact with ready-to-eat foods: ________________________________________ 

5. Handwashing Facilities: 

(a) There is a handwashing sink located immediately adjacent to the posted bare hand 
contact procedure, and the hand sink is maintained in accordance with provisions of the 
Code (§ 5-205.11, § 6-301.11, § 6-301.12, and § 6-301.14). YES NO 

(Include diagram, photo, or other information) 

(b) All toilet rooms have one or more handwashing sinks in, or immediately adjacent to, 
them, and the sinks are equipped and maintained in accordance with provisions of the 
Code (§ 5-205.11, § 6-301.11, § 6-301.12, and § 6-301.14). YES NO 

6.  Employee Health Policy: The written employee health policy must be attached to 
this form along with documentation that food employees and conditional employees 
acknowledge their responsibilities (§ 2-201.11, § 2-201.12, and § 2-201.13). 

7. Employee Training: Provide documentation that food employees have received training in: 

• The risks of contacting the speci c ready-to-eat foods with bare hands; 

• Personal health and activities as they relate to diseases that are transmissible 
through food; 

• Proper handwashing procedures to include how, when, where to wash, 
and ngernail maintenance (§ 2-301.12, § 2-301.14, § 2-301.15, and § 2-302.11); 

• Prohibition of jewelry (§ 2-303.11); and 

• Good hygienic practices (§ 2-401.11 and § 2-401.12). 

8.  Documentation of Handwashing Practices: Provide documentation that food 
employees are following proper handwashing procedures prior to food preparation 
and other procedures as necessary to prevent cross-contamination during all hours of 
operation when the speci c ready-to-eat foods are prepared or touched with bare hands. 
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FORM 1-D (continued) 

9. Documentation of Additional Control Measures:  Provide documentation to 
demonstrate that food employees are utilizing two or more of the following control 
measures when contacting ready-to-eat foods with bare hands: 

• Double handwashing; 

• Use of nail brushes; 

• Use of hand antiseptic after handwashing; 

• Incentive programs such as paid leave encouraging food 
employees not to work when they are ill; or 

• Other control measures approved by the regulatory authority. 

Statement of Compliance: 

I certify all of the following: All food employees are individually trained in the risks of contacting 
ready-to-eat foods with bare hands, personal health and activities as they relate to diseases that 
are transmissible through food, proper handwashing procedures, prohibition of jewelry, and good 
hygienic practices. A record of this training is kept on site. I understand that bare hand contact 
with ready-to-eat food is prohibited except for those items listed in section four (4) above. A 
handwashing sink is located immediately adjacent to the posted bare hand contact procedure. 
All handwashing sinks are maintained with hot water, soap, and drying devices. I understand 
that documentation is needed for handwashing practices and additional control measures. I 
understand that records to document handwashing are kept current and kept on site. 

SIGNATURE:________________________________________ DATE: ___________________ 
(Signature of legal representative of the facility listed above) 

Regulatory Authority (RA) Use Only: 

Permit Number: ______________________________________________________________ 

File Review Conducted on History of Handwashing Compliance:  Yes No 

Site Visit Conducted:   Yes No Comments: ___________________________________ 

Approved: Effective Date: _________________ RA Name: __________________________

 Not Approved: Reason for Denial: ______________________________________________ 
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2-201.12 Table 1a: Summary of Requirements for Symptomatic Food Employees 

Food employees and conditional employees shall report 
symptoms immediately to the person in charge 

The person in charge shall prohibit a conditional employee who reports a listed symptom from 
becoming a food employee until meeting the criteria listed in section 2-201.13 of the Food 
Code, for reinstatement of a symptomatic food employee. 

Symptom 

EXCLUSION OR RESTRICTION Removing Symptomatic 
Food Employees from 

Exclusion or Restriction 

RA 
Approval 
Needed to 
Return to 

Work? 
Facilities 

Serving an HSP 
Facilities Not 

Serving an HSP 

Vomiting EXCLUDE 
2-201.12(A)(1) 

EXCLUDE 
2-201.12(A)(1) 

When the excluded food 
employee has been asymp-
tomatic for at least 24 hours 
or provides medical docu-
mentation 2-201.13(A)(1). 
Exceptions: If diagnosed 
with Norovirus, Shigella 
spp., E. coli O157:H7 or 
other EHEC/STEC, HAV, or 
typhoid fever (S. Typhi) 
(see Tables 1b & 2). 

No if not 
diagnosed 

Diarrhea EXCLUDE 
2-201.12(A)(1) 

EXCLUDE 
2-201.12(A)(1) 

When the excluded food 
employee has been asymp-
tomatic for at least 24 hours 
or provides medical docu-
mentation 2-201.13(A). 
Exceptions: If diagnosed 
with Norovirus, E. coli 
O157:H7 or other EHEC/ 
STEC, HAV, or S. Typhi 
(see Tables 1b & 2). 

No if not 
diagnosed 

Jaundice EXCLUDE 
2-201.12(B)(1) 
if the onset 
occurred within 
the last 7 days 

EXCLUDE 
2-201.12(B)(1) 
if the onset 
occurred within 
the last 7 days 

When approval is obtained 
from the RA 2-201.13(B), 
and: 

•  Food employee has been 
jaundiced for more than 
7 calendar days 2-201.13 
(B)(1), or 

•  Food employee provides 
medical documentation 
2-201.13(B)(3). 

Yes 

(continued) 
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2-201.12 Table 1a: Summary of Requirements for Symptomatic Food Employees
 (continued) 

Symptom 

EXCLUSION OR RESTRICTION 
Removing Symptomatic 
Food Employees from 

Exclusion or Restriction 

RA 
Approval 
Needed to 
Return to 

Work? 
Facilities 

Serving an HSP 
Facilities Not 

Serving an HSP 

Sore 
throat with
fever 

EXCLUDE 
2-201.12(G)(1) 

RESTRICT 
2-201.12(G)(2) 

When food employee 
provides written medical 
documentation 2-201.13(G)
(1)-(3). 

No 
 

 

Infected 
wound or 
pustular 
boil 

RESTRICT 
2-201.12(H) 

RESTRICT 
2-201.12(H) 

When the infected wound 
or boil is properly covered 
2-201.13(H)(1)-(3). 

No 

Key for Table 1a: 
HSP = Highly Susceptible Population 
RA = Regulatory Authority 
EHEC/STEC = Enterohemorrhagic or Shiga Toxin-producing Escherichia coli 
HAV = Hepatitis A Virus 
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2-201.12 Table 1b: Summary of Requirements for Diagnosed, Symptomatic 
Food Employees 

Food employees and conditional employees shall report a listed 
diagnosis with symptoms immediately to the person in charge 
The person in charge shall notify the RA when a food employee 

is jaundiced or reports a listed diagnosis 
The person in charge shall prohibit a conditional employee who reports a listed diagnosis with 
symptoms from becoming a food employee until meeting the criteria listed in section 
2-201.13 of the Food Code, for reinstatement of a diagnosed, symptomatic food employee. 

Diagnosis 

EXCLUSION 
Facilities Serving 

an HSP or Not 
Serving an HSP 

Removing Diagnosed, 
Symptomatic Food Employees 

from Exclusion 

RA Approval 
Needed to 

Return to Work? 

Hepatitis A 
virus 

EXCLUDE if within 14 
days of any symptom, 
or within 7 days of 
jaundice 
2-201.12(B)(2) 

When approval is obtained from the 
RA 2-201.13(B), and: 

• The food employee has been 
jaundiced for more than 7 calendar 
days 2-201.13(B)(1), or 

• The anicteric food employee has 
had symptoms for more than 
14 days 2-201.13(B)(2), or 

• The food employee provides 
medical documentation 2-201.13 
(B)(3) (also see Table 2). 

Yes 

Typhoid 
fever 
(S. Typhi) 

EXCLUDE 
2-201.12(C) 

When approval is obtained from the 
RA 2-201.13(C)(1), and: 

•  Food employee provides medical 
documentation that states the food 
employee is free of an S. Typhi 
infection 2-201.13(C)(2) 
(also see Table 2). 

Yes 

(continued) 
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2-201.12 Table 1b: Summary of Requirements for Diagnosed, Symptomatic 
Food Employees (continued) 

Diagnosis 

EXCLUSION 
Facilities Serving 

an HSP or Not 
Serving an HSP 

Removing Diagnosed, 
Symptomatic Food Employees 

from Exclusion 

RA Approval 
Needed to 

Return to Work? 

E. coli 
O157:H7 
or other 
EHEC/ 
STEC 

EXCLUDE 
Based on vomiting or 
diarrhea symptoms, 
under 2-201.12(A)(2) 

1. Serving a non-HSP facility:  
2-201.13(A)(4)(a): Shall only 
work on a restricted basis 24 
hours after symptoms resolve and 
remains restricted until meeting the 
requirements listed below: 
2. Serving an HSP facility:  
2-201.13(A)(4)(b): Remains 
excluded until meeting the 
requirements listed below: 

• Approval is obtained from the RA 
2-201.13(F), and 

• Medically cleared 2-201.13(F)(1), 
or 

• More than 7 calendar days have 
passed since the food employee 
became asymptomatic 2-201.13 
(F)(2) (also see Table 2). 

Yes to return 
to an HSP 
or to return 
unrestricted; not 
required to work 
on a restricted 
basis in a non-
HSP facility 

Norovirus EXCLUDE 
Based on vomiting or 
diarrhea symptoms, 
under 2-201.12(A)(2) 

1. Serving a non-HSP facility:  
2-201.13 (A)(2)(a): Shall only 
work on a restricted basis 24 
hours after symptoms resolve and 
remains restricted until meeting the 
requirements listed below: 
2. Serving an HSP facility:  
2-201.13(A)(2)(b): Remains 
excluded until meeting the 
requirements listed below: 

• Approval is obtained from the RA 
2-201.13(D), and 

• Medically cleared 2-201.13(D)(1), 
or 

• More than 48 hours have passed 
since the food employee became 
asymptomatic 2-201.13(D)(2) 
(also see Table 2). 

Yes to return 
to an HSP 
or to return 
unrestricted; not 
required to work 
on a restricted 
basis in a non-
HSP facility 
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2-201.12 Table 1b: Summary of Requirements for Diagnosed, Symptomatic 
Food Employees (continued) 

Diagnosis 

EXCLUSION 
Facilities Serving 

an HSP or Not 
Serving an HSP 

Removing Diagnosed, 
Symptomatic Food Employees 

from Exclusion 

RA Approval 
Needed to 

Return to Work? 

Shigella 
spp. 

EXCLUDE 
Based on vomiting or 
diarrhea symptoms, 
under 2-201.12(A)(2) 

1. Serving a non-HSP facility:  
2-201.13(A)(3)(a): Shall only 
work on a restricted basis 24 
hours after symptoms resolve and 
remains restricted until meeting the 
requirements listed below: 
2. Serving an HSP facility:  
2-201.13(A)(3)(b): Remains 
excluded until meeting the 
requirements listed below: 

• Approval is obtained from the RA 
2-201.13(E), and 

• Medically cleared 2-201.13(E)(1), 
or 

• More than 7 calendar days 
have passed since the food 
employee became asymptomatic 
2-201.13(E)(2) (also see Table 2). 

Yes to return 
to an HSP 
or to return 
unrestricted; not 
required to work 
on a restricted 
basis in a non-
HSP facility 

Key for Table 1b: 
RA = Regulatory Authority 
HSP = Highly Susceptible Population 
EHEC/STEC = Enterohemorrhagic or Shiga Toxin-producing Escherichia coli 
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2-201.12 Table 2: Summary of Requirements for Diagnosed Food Employees 
with Resolved Symptoms 

Food employees and conditional employees shall report 
a listed diagnosis immediately to the person in charge 

The person in charge shall notify the RA when a food employee reports a listed diagnosis 
The person in charge shall prohibit a conditional employee who reports a listed diagnosis from 
becoming a food employee until meeting the criteria listed in section 2-201.13 of the Food Code, 
for reinstatement of a diagnosed food employee. 

Pathogen 
Diagnosis 

Facilities 
Serving an 

HSP 

Facilities 
Not Serving 

an HSP 

Removing Diagnosed Food 
Employees with Resolved 
Symptoms from Exclusion 

or Restriction 

RA Approval 
Required 
to Return 
to Work? 

Typhoid fever 
(S. Typhi) 
including previ-
ous illness with 
S. Typhi (see 
2-201.11(A)(3)) 

EXCLUDE 
2-201.12(C) 

EXCLUDE 
2-201.12(C) 

When approval is obtained 
from the RA 2-201.13(C)(1), 
and: 

• Food employee provides 
medical documentation that 
states the food employee is 
free of an S. Typhi infection 
2-201.13)(C)(2) (also see 
Table 1b). 

Yes 

Shigella spp. EXCLUDE 
2-201.12(E)(1) 

RESTRICT 
2-201.12(E)(2) 

1. Serving a non-HSP facility:  
2-201.13(A)(3)(a): Shall only 
work on a restricted basis 24 
hours after symptoms resolve 
and remains restricted until 
meeting the requirements 
listed below: 
2. Serving an HSP facility:  
2-201.13(A)(3)(b): Remains 
excluded until meeting the 
requirements listed below: 

• Approval is obtained from the 
RA 2-201.13(E), and 

• Medically cleared 2-201.13 
(E)(1), or 

• More than 7 calendar days 
have passed since the 
food employee became 
asymptomatic 2-201.13(E)(3) 
(a) (also see Table 1b). 

Yes to return 
to an HSP or 
to return unre-
stricted; not 
required to work 
on a restricted 
basis in a non-
HSP facility 

(continued) 
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2-201.12 Table 2: Summary of Requirements for Diagnosed Food Employees 
with Resolved Symptoms (continued) 

Pathogen 
Diagnosis 

Facilities 
Serving an 

HSP 

Facilities 
Not Serving 

an HSP 

Removing Diagnosed Food 
Employees with Resolved 
Symptoms from Exclusion 

or Restriction 

RA Approval
Required 
to Return 
to Work? 

 

Norovirus EXCLUDE 
2-201.12(D)(1) 

RESTRICT 
2-201.12(D)(2) 

1. Serving a non-HSP facility:  
2-201.13(A)(2)(a): Shall only 
work on a restricted basis 24 
hours after symptoms resolve 
and remains restricted until 
meeting the requirements 
listed below: 
2. Serving an HSP facility:  
2-201.13(A)(2)(b): Remains 
excluded until meeting the 
requirements listed below: 

• Approval is obtained from the 
RA 2-201.13(D), and 

• Medically cleared 
2-201.13(D)(1), or 

• More than 48 hours 
have passed since the 
food employee became 
asymptomatic 2-201.13(D)(2) 
(also see Table 1b). 

Yes to return 
to an HSP or 
to return unre-
stricted; not 
required to work 
on a restricted 
basis in a non-
HSP facility 
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2-201.12 Table 2: Summary of Requirements for Diagnosed Food Employees 
with Resolved Symptoms (continued) 

Pathogen 
Diagnosis 

Facilities 
Serving an 

HSP 

Facilities 
Not Serving 

an HSP 

Removing Diagnosed Food 
Employees with Resolved 
Symptoms from Exclusion 

or Restriction 

RA Approval 
Required 
to Return 
to Work? 

E. coli 
O157:H7 or 
other EHEC/ 
STEC 

EXCLUDE 
2-201.12(F)(1) 

RESTRICT 
2-201.12(F)(2)

1. Serving a non-HSP facility:  
 2-201.13(A)(4)(a): Shall only 

work on a restricted basis 24 
hours after symptoms resolve 
and remains restricted until 
meeting the requirements 
listed below: 
2. Serving an HSP facility:  
2-201.13(A)(4)(b): Remains 
excluded until meeting the 
requirements listed below: 

• Approval is obtained from th
RA 2-201.13(F), and 

• Medically cleared 
2-201.13(F)(1), or 

• More than 7 calendar days 
have passed since the 
food employee became 
asymptomatic 2-201.13(F)(2). 

e 

Yes to return 
to an HSP or 
to return unre-
stricted; not 
required to work 
on a restricted 
basis in a non-
HSP facility 

Hepatitis A 
virus 

EXCLUDE 
If within 14 
days of any 
symptom, or 
within 7 days 
of jaundice 
2-201.12(B)(2) 

EXCLUDE 
If within 14 
days of any 
symptom, or 
within 7 days 
of jaundice 
2-201.12(B)(2) 

When approval is obtained 
from the RA 2-201.13(B), and: 

• The food employee has bee
jaundiced for more than 
7 calendar days 2-201.13(B) 
(1), or 

• The anicteric food employee 
has had symptoms for more 
than 14 days 2-201.13(B) 
(2), or 

• The food employee provides 
medical documentation 
2-201.13(B)(3) (see also 
Table 1b). 

n 

Yes 

Key for Table 2: 
RA = Regulatory Authority 
HSP = Highly Susceptible Population 
EHEC/STEC = Enterohemorrhagic or Shiga Toxin-producing Escherichia coli 51 
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2-201.12 Table 3: Summary of Requirements for Diagnosed Food Employees Who 
Never Develop Gastrointestinal Symptoms 

Food employees and conditional employees shall report 
a listed diagnosis immediately to the person in charge 

The person in charge shall notify the RA when a food employee reports a listed diagnosis 
The person in charge shall prohibit a conditional employee who reports a listed diagnosis from 
becoming a food employee until meeting the criteria listed in section 2-201.13 of the Food Code, 
for reinstatement of a diagnosed food employee. 

Pathogen 
Diagnosis 

Facilities 
Serving an 

HSP 

Facilities 
Not Serving 

an HSP 

Removing Diagnosed Food 
Employees Who Never 

Develop Gastrointestinal 
ymptoms from Exclusion or 

Restriction 
S

RA Approval 
Required 
to Return 
to Work? 

Typhoid 
fever (S. 
Typhi) 
including 
previous ill-
ness with S. 
Typhi (see 
2-201.11(A) 
(3)) 

EXCLUDE 
2-201.12(C) 

EXCLUDE 
2-201.12(C) 

When approval is obtained from 
the RA 2-201.13(C)(1), and: 

• Food employee provides 
medical documentation, 
specifying that the food 
employee is free of an S. 
Typhi infection 2-201.13(C) 
(2). 

Yes 

Shigella 
spp. 

EXCLUDE 
2-201.12(E)(1) 

RESTRICT 
2-201.12(E)(2) 

Remains excluded or restricted 
until approval is obtained from 
the RA, and: 

• Medically cleared 2-201.13(E) 
(1), or 

• More than 7 calendar days 
have passed since the food 
employee was last diagnosed 
2-201.13(E)(3). 

Yes to return 
to an HSP or 
to return unre-
stricted; not 
required to work 
on a restricted 
basis in a non-
HSP facility 

Norovirus EXCLUDE 
2-201.12(D)(1) 

RESTRICT 
2-201.12(D)(2) 

Remains excluded or restricted 
until approval is obtained from 
the RA 2-201.13(D), and 

• Medically cleared 2-201.13(D)
(1), or 

• More than 48 hours have 
passed since the food 
employee was diagnosed 
2-201.13(D)(3). 

 

Yes to return 
to an HSP or 
to return unre-
stricted; not 
required to work 
on a restricted 
basis in a non-
HSP facility 

(continued) 
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2-201.12 Table 3: Summary of Requirements for Diagnosed Food Employees Who 
Never Develop Gastrointestinal Symptoms (continued) 

Pathogen 
Diagnosis 

Facilities 
Serving an 

HSP 

Facilities 
Not Serving 

an HSP 

Removing Diagnosed Food 
Employees Who Never 

Develop Gastrointestinal 
Symptoms from Exclusion or 

Restriction 

RA Approval 
Required 
to Return 
to Work? 

E. coli 
O157:H7 or 
other EHEC/ 
STEC 

EXCLUDE 
2-201.12(F)(1) 

RESTRICT 
2-201.12(F)(2)

Remains excluded or restricted 
until approval is obtained from 
the RA 2-201.13(F), and: 

• Medically cleared 2-201.13(F)
(1), or 

• More than 7 calendar days 
have passed since the food 
employee was diagnosed 
2-201.13(F)(3). 

Yes to return 
to an HSP or 
to return unre-
stricted; not 
required to work 
on a restricted 
basis in a non-
HSP facility 

Hepatitis A 
virus 

EXCLUDE 
2-201.12(B)(3) 

EXCLUDE 
2-201.12(B)(3) 

When approval is obtained from
the RA 2-201.13(B), and 

• The anicteric food employee 
has had symptoms for more 
than 14 days 2-201.13(B)(2), 
or 

• The food employee provides 
medical documentation 
2-201.13(B)(3). 

 Yes 

Key for Table 3: 
RA = Regulatory Authority 
HSP = Highly Susceptible Population 
EHEC/STEC = Enterohemorrhagic or Shiga Toxin-producing Escherichia coli 

54 



2-201.12 Table 4: History of Exposure, and Absent Symptoms or Diagnosis 

Food employees and conditional employees shall report 
a listed exposure to the person in charge 

The person in charge shall prohibit a conditional employee who reports 
a listed exposure from becoming a food employee in a facility serving an HSP 

until meeting the criteria listed in section 2-201.13 of the Food Code, 
for reinstatement of an exposed food employee 

The person in charge shall reinforce and ensure compliance with good hygienic practices, 
symptom reporting requirements, proper handwashing, and no BHC with RTE foods for all 
food employees that report a listed exposure. 

Pathogen 
Diagnosis 

Facilities 
Serving an 

HSP 

Facilities Not 
Serving an HSP 

When Can the Restricted 
Food Employee Return 

to Work? 

RA 
Approval 
Needed? 

Typhoid 
fever (S. 
Typhi) 

RESTRICT 
2-201.12(I) 

Educate food em-
ployee on symptoms
to watch for and 
ensure compli-
ance with GHP, 
handwashing, and 
no BHC with RTE 
foods. 

2-201.13(I)(3) 
When 14 calendar days 
have passed since the 
last exposure, or more 
than 14 days have passed 
since the food employee’s 
household contact became 
asymptomatic. 

No 
 

Shigella 
spp. 

RESTRICT 
2-201.12(I) 

Educate food em-
ployee on symptom
to watch for and 
ensure compli-
ance with GHP, 
handwashing, and 
no BHC with RTE 
foods. 

2-201.13(I)(2) 
When more than 3 cal-
endar days have passed 
since the last exposure, 
or more than 3 days have 
passed since the food em-
ployee’s household contact
became asymptomatic. 

No 
s 

 

Norovirus RESTRICT 
2-201.12(I) 

Educate food em-
ployee on symptoms
to watch for and 
ensure compli-
ance with GHP, 
handwashing, and 
no BHC with RTE 
foods. 

 
2-201.13(I)(1) 
When more than 48 hours 
have passed since the last 
exposure, or more than 
48 hours have passed 
since the food employee’s 
household contact became 
asymptomatic. 

No 

(continued) 
55 



2-201.12 Table 4: History of Exposure, and Absent Symptoms or Diagnosis
 (continued) 

Pathogen 
Diagnosis 

Facilities 
Serving an 

HSP 

Facilities Not 
Serving an HSP 

When Can the Restricted 
Food Employee Return 

to Work? 

RA 
Approval 
Needed? 

E. coli 
O157:H7 or 
other EHEC/ 
STEC 

RESTRICT 
2-201.12(I) 

Educate food em-
ployee on symptoms
to watch for and 
ensure compli-
ance with GHP, 
handwashing, and 
no BHC with RTE 
foods. 

2-201.13(I)(2) 
When more than 3 cal-
endar days have passed 
since the last exposure, 
or more than 3 calendar 
days have passed since 
the food employee’s 
household contact became 
asymptomatic. 

No 
 

Hepatitis A 
virus 

RESTRICT 
2-201.12(I) 

Educate food em-
ployee on symptoms
to watch for and 
ensure compli-
ance with GHP, 
handwashing, and 
no BHC with RTE 
foods. 

2-201.13(I)(4) 
When any of the following 
conditions is met: 

• The food employee is 
immune to HAV infection 
because of a prior illness 
from HAV, vaccination 
against HAV, or IgG 
administration; or 

•  More than 30 calendar 
days have passed 
since the last exposure, 
or since the food 
employee’s household 
contact became 
jaundiced; or 

• The food employee does 
not use an alternative 
procedure that allows 
BHC with RTE food until 
at least 30 days after the 
potential exposure, and 
the employee receives 
additional training. 

No 
 

Key for Table 4:  
HSP = Highly Susceptible Population; BHC = Bare Hand Contact; RTE = Ready-to-Eat; 
RA = Regulatory Authority; GHP = Good Hygienic Practices; and EHEC/STEC = Entero-
hemorrhagic or Shiga Toxin-producing Escherichia coli 

56 



2-201.11 / 2-201.12 Decision Tree 1.  When to Exclude or Restrict a Food 
Employee Who Reports a Symptom and When to Exclude a Food Employee 
Who Reports a Diagnosis with Symptoms Under the Food Code

 

Is the Food Employee reporting listed symptoms?

Yes

Symptoms of V.J.D.

Exclude per 
Table 1a.

Symptoms of infected 
wound or cut

Restrict per 
Table 1a.

Symptoms of ST with F

HSP

Exclude per 
Table 1a.

Gen. Pop. 
(Non-HSP)

Restrict per 
Table 1a.

If reporting a diagnosis with hepatitis A virus, 
or typhoid fever

Exclude per 
Table 1b.

If reporting a diagnosis with shigellosis, Norovirus,
or EHEC/STEC and symptoms of V or D

Exclude per 
Table 1b.

Key:  
Listed Symptoms for Reporting: (V) Vomiting; (J) Jaundice; (D) Diarrhea; (ST with F) Sore 
Throat with Fever; (HSP) Highly Susceptible Population; and (Gen. Pop.) General Population
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ABSTRACT 
This report includes the background, design, and results of data collection on the 
occurrence of foodborne illness risk factors in the United States in restaurant settings 
during 2013-2014. It is a stand-alone report representing the first data collection period 
of the FDA’s current 10-year study on trends in the occurrence of foodborne illness risk 
factors, food safety behaviors/practices, and interventions in food service facilities. Data 
from the 2013-2014 collection will be used as a baseline to assess trends in the 
occurrence of risk factors during data collections, in 2017 and 2021. Additional data 
collections in 2015, 2019, and 2023 investigate similar retail food safety research 
questions in institutional food service settings and retail food stores.  

BACKGROUND 
The restaurant industry is a major driver of food service and food safety in the United 
States. Consumer demand for food away from home has led to increased spending in 
both fast food and full-service restaurants (Powell, Nguyen, & Han, 2012; Stewart, 
Blisard, Bhuyan, & Nayga Jr., 2004), with more than one million restaurant locations 
employing more than 14 million people (NRA, 2016). Along with this high demand 
comes the need for careful attention to food safety practices and behaviors that 
minimize the incidence of foodborne illness in these locations.  

Foodborne illness remains a major public health concern in the United States. 
Foodborne diseases cause approximately 48 million illnesses, 128,000 hospitalizations, 
and 3,000 deaths each year (Scallan et al., 2011). The annual economic burden from 
health losses due to foodborne illness is estimated at 77.7 billion dollars (Scharff, 2012). 

According to the Centers for Disease Control and Prevention (CDC, 2014) more than 
half of foodborne illness outbreaks that occur each year are associated with food from 
restaurants. When considering incidents in 2014 involving a single location of food 
preparation, for example, restaurants accounted for 485 outbreaks (65%) and 4,780 
illnesses (44%) (CDC, 2014).  

In a study of restaurant-associated outbreaks in the United States from 1998-2013, 
Angelo, Nisler, Hall, Brown and Gould (2016) identified 9,788 restaurant-associated 
outbreaks, with a median of 620 outbreaks per year. Norovirus caused 46% of the 3,072 
outbreaks associated with a single, confirmed etiology. Activities related to food 
handling and preparation practices were the most commonly reported contributing 
factors within restaurant-associated outbreaks.  
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Surveillance data from the CDC have consistently identified five major risk factors 
related to food safety practices within the retail food industry that contribute to 
foodborne illness. Most regulatory retail food inspection programs throughout the United 
States monitor these risk factors in their routine inspections, and each necessitates 
specific food safety behaviors and practices. These risk factors include: 

• Poor personal hygiene 

• Improper food holding/time and temperature 

• Contaminated equipment/protection from contamination 

• Inadequate cooking 

• Food obtained from unsafe sources 

Tracking these risk factors and their respective intervention strategies provides a 
consistent means of monitoring food safety efforts and determining trends over time 
within the restaurant industry. The U.S. Food and Drug Administration (FDA) promotes 
and conducts research designed to inform the application of science-based food safety 
principles in retail and food service settings to minimize the incidence of foodborne 
illness. Research results support developing and delivering scientifically based 
guidance, training, program evaluation, and technical assistance to retail food regulatory 
agencies and the industries they regulate.  

FDA previously conducted a 10-year study between 1998-2008 to measure trends in 
the occurrence of foodborne illness risk factors and food safety behaviors/practices. 
This study consisted of three data collection periods (1998, 2003, and 2008), and FDA 
summarized the findings for each (FDA, 2000; FDA, 2004; FDA, 2009). Data from all 
three periods were analyzed to detect trends over time and determine whether progress 
had been made toward the goal of reducing the occurrence of risk factors in food 
service and retail food establishments (FDA, 2010). Significant improvement in at least 
one risk factor occurred in eight of the nine facility types FDA studied; however, many 
segments of the retail food industry continued to require improvement in three critical 
areas: 

• Poor personal hygiene 

• Improper food holding/time and temperature 

• Contaminated equipment/protection from contamination 

At the conclusion of the 10-year study conducted between 1998 and 2008, FDA 
determined that it needed additional research to identify the root causes for all poor 
retail food safety practices and to determine the most effective intervention strategies 
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and inspection approaches for enhancing the safety of the nation’s retail food protection 
system.  

The 2013-2014 data collection reported here starts the process of additional research. 
The intervention strategies and factors of interest encompass active managerial control, 
regulatory characteristics, and establishment characteristics. Data from the 2013-2014 
collection will be used as a baseline to assess trends in the occurrence of risk factors 
during data collections, in 2017 and 2021. Table 1 summarizes the time frames for 
restaurant data collection within the overall study period. 

Table 1 Summary of Data Collection Time Frames for the Restaurant Industry 

Industry 
Segment 

Facility 
Type 

Initial Data 
Collection Period 

(Baseline 
Measurement) 

2ND Data 
Collection 

Period 

3RD Data 
Collection 

Period 

Restaurants 

Full-service 
Restaurants 

and 
Fast Food 

Restaurants 

Nov. 15, 2013 
to 

Sept. 30, 2014 

Oct. 1, 2017 
to 

Sept. 30, 2018 

Oct. 1, 2021 
to 

Sept. 30, 2022 
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Purpose of the Study 
The purpose of each restaurant data collection during the current 10-year study period 
is to investigate the relationship between food safety management systems (FSMS), 
certified food protection managers (CFPMs), and the occurrence of risk factors and food 
safety behaviors/practices commonly associated with foodborne illness in restaurants. 

FSMS refers to a specific set of actions (e.g., procedures, training, and monitoring) to 
help achieve active managerial control. While FSMS procedures vary across the retail 
and food service industry, purposeful implementation of those procedures, training, and 
monitoring are consistent components of FSMS. While several systems and tools are 
available internationally, including International Organization for Standardization (ISO 
22000), Good Manufacturing Practices (GMP), Hazard Analysis and Critical Control 
Points (HACCP), British Retail Consortium (BRC) and Safe Quality Food Institute (SQF) 
(Codex, 2003; ISO 22000:2005, 2005; Luning et al., 2008), the ongoing prevalence and 
degree of implementation of these or similar systems within restaurants in the United 
States remains understudied. Inadequate FSMS are thought to contribute to the 
worldwide burden of foodborne disease (Luning et al., 2008). For example, HACCP has 
been shown to have positive effects on food safety, but the poor implementation of 
HACCP has been described as a precursor to foodborne outbreaks (Cormier, 2007; 
Luning et al., 2009; Ropkins and Beck, 2000). 

A CFPM is an individual who has shown proficiency in food safety information by 
passing a test that is part of an accredited program (FDA, 2013a). Research has shown 
that the presence of a CFPM is associated with improved inspection scores (Hedberg et 
al., 2007; Cates et al., 2008, Brown et al., 2014). Hedberg et al. (2006) found that the 
major difference between outbreak and non-outbreak restaurants was the presence of a 
CFPM. 

Our objectives are to: 

• Identify the least and most often occurring foodborne illness risk factor and food 
safety behaviors/practices in restaurants within the United States 

• Determine the extent to which FSMS and the presence of a CFPM impact the 
occurrence of food safety behaviors/practices 

• Determine whether the occurrence of food safety behaviors/practices in 
restaurants differs based on an establishment’s risk categorization and status as 
a single-unit or multiple-unit operation (e.g., restaurants that are part of an 
operation with two or more units) 
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The results of the current 10-year study period will be used to: 

• Develop retail food safety initiatives, policies, and targeted intervention strategies 
focused on controlling foodborne illness risk factors 

• Provide technical assistance to state, local, tribal, and territorial regulatory 
professionals 

• Identify FDA retail work plan priorities 

• Inform FDA resource allocation to enhance retail food safety nationwide 

Intervention Strategies and Factors of Interest   

Active Managerial Control 
To help prevent foodborne illness, the FDA Food Code emphasizes the need for risk-
based preventive controls and daily active managerial control (AMC) of the risk factors 
contributing to foodborne illness in retail and food service facilities. AMC is “the 
purposeful incorporation of specific actions or procedures by industry management into 
the operation of their business to attain control over foodborne illness risk factors” (FDA, 
2013). A food establishment’s achieving AMC involves the continuous identification and 
proactive prevention of food safety hazards. Two strategies supporting AMC efforts in 
food establishments that have received growing attention are the presence of a CFPM 
and FSMS. 

Regulatory Authority Characteristics 
Regulatory authorities at local, state, territorial, and tribal levels have a number of their 
own organizational and regulatory requirements and implementation and disclosure 
practices. These factors vary across jurisdictions and can include, among others, 
enrollment in the FDA Voluntary National Retail Food Regulatory Program Standards 
(VNRFRPS), grading systems (e.g., posting letter grades like A, B, and C), requirement 
for establishments to have a CFPM, and making inspection results public (e.g., posting 
inspection reports online). Including this information as part of the data collection 
provides an opportunity to assess how elements within a regulatory retail food 
protection program may influence the relationship between FSMS, CFPM, and the 
occurrence of risk factors and food safety behaviors/practices. 

Restaurant Characteristics 
In addition to local jurisdictional requirements with which restaurants must comply, 
restaurants themselves differ in complexity of food preparation and organizational 
structure. For example, research has found that restaurants that are part of a multiple-
unit operation (e.g., restaurant’s part of an operation with two or more units) have fewer 
food safety violations per inspection as compared to single-unit operations (Leinwand et 
al., 2017). Including food preparation and organizational structure information for each 
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restaurant in this data collection allows for assessing how the occurrence of food safety 
behaviors/practices in restaurants differs based on complexity of food preparation and 
status as a single-unit or multiple-unit operation. 

DESIGN AND METHODOLOGY 
Study Design 
This study was conducted as an observational study of restaurants throughout the 
United States. Trained data collectors observed and recorded the food safety practices 
of retail food management and staff using a standardized data collection tool during 
normal business hours. 

Restaurant Selection 
In 2013, FDA obtained Office of Management and Budget (OMB Control #0910-0744) 
approval to initiate the first phase of the study, which focused on data collection within 
the restaurant segment of the industry. In this study, the restaurant segment of the 
industry is sorted into two categories: 

• Fast food restaurants 

• Full-service restaurants 

For this study, fast food and full-service restaurants are distinguished by how customers 
order and are served their meals (Table 2). 

Table 2 Description of Restaurant Facility Types Included in the Study 

Facility Type Description 

Full-service 
Restaurant 

A restaurant where customers place their order at their table, are served their meal 
at their table, receive the service of the wait staff, and pay at the end of the meal. 

Fast Food 
Restaurant 

A restaurant that is not a full-service restaurant. This includes restaurants 
commonly referred to as quick-service restaurants and fast-casual restaurants. 

 
Restaurant Eligibility 
This study was intended to examine food safety practices in restaurants that conduct a 
significant amount of on-site food preparation. Restaurants were randomly selected to 
participate in the study from among all eligible establishments located within a 150-mile 
radius from the home locations of the 22 FDA Regional Retail Food Specialists 
(specialists) performing the data collection. For this study, the complexity of food 
preparation was represented by the food establishment’s risk categorization as found in 
Annex 5 of the 2013 FDA Food Code (see Table 3). This risk categorization was used 
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to determine if an establishment was eligible for data collection. Restaurants that only 
served pre-packaged food or conducted low-risk food preparation activities, and 
restaurants that only operated seasonally were ineligible for selection. Establishments 
eligible for study selection fell into risk categories 2 through 4, as these food 
establishments represent more complex food preparation activities. 

Table 3 Risk Categorization of Food Establishments 

Risk Category Description 

1 

Examples include most convenience store operations, hot dog carts, and coffee 
shops. Establishments that serve or sell only pre-packaged non-time/temperature 
control for safety (TCS) foods. Establishments that prepare only non-TCS foods. 
Establishments that heat only commercially processed TCS foods for hot holding. 
No cooling of TCS foods. Establishments that would otherwise be grouped in 
Category 2 but have shown through historical documentation to have achieved 
active managerial control of foodborne illness risk factors. 

2 

Examples may include retail food store operations, schools not serving a highly 
susceptible population, and quick-service operations. Limited menu. Most products 
are prepared/cooked and served immediately. May involve hot and cold holding of 
TCS foods after preparation or cooking. Complex preparation of TCS foods 
requiring cooking, cooling, and reheating for hot holding is limited to only a few TCS 
foods. Establishments that would be otherwise grouped in Category 3 but have 
shown through historical documentation to achieve active managerial control of 
foodborne illness risk factors. Newly permitted establishments that would otherwise 
be grouped in Category 1 until history of active managerial control of foodborne 
illness risk factors is achieved and documented. 

3 

An example is a full-service restaurant. Extensive menu and handling of raw 
ingredients. Complex preparation including cooking, cooling, and reheating for hot 
holding involves many TCS foods. Variety of processes require hot and cold 
holding of TCS food. Establishments that would otherwise be grouped in Category 
4 but have shown through historical documentation to have achieved active 
managerial control of foodborne illness risk factors. Newly permitted establishments 
that would otherwise be grouped in Category 2 until history of active managerial 
control of foodborne illness risk factors is achieved and documented. 

4 

Examples include preschools, hospitals, nursing homes, and establishments 
conducting processing at retail. Includes establishments that serve a highly 
susceptible population or that conduct specialized process, e.g., smoking and 
curing; reduced oxygen packaging for extended shelf-life. 

Source: Annex 5, 2013 FDA Food Code. 
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Data Collection 
Twenty-two specialists conducted site visits throughout the United States at randomly 
selected restaurants to perform data collections. All specialists received customized 
training specific to the study data collection protocol and marking instructions for the 
standardized data collection tool. FDA’s Center for Food Safety and Applied Nutrition 
(CFSAN) personnel standardized the specialists in applying and interpreting the FDA 
Food Code. In addition, all specialists possessed technical expertise in retail food safety 
and a solid understanding of food service operations within the restaurant industry. 

Restaurant Selection 
A Geographic Information System database containing a listing of U.S. businesses was 
used as the establishment inventory for the restaurant data collection. The total number 
of establishments in the country was approximately 472,243. Restaurants were 
randomly selected to participate in the study from among all eligible establishments 
located within a 150-mile radius of the home locations of the twenty-two specialists who 
conducted the data collections at restaurants. The total number of establishments within 
the sampling zones was 295,003. As a result, roughly 62% of all establishments in the 
restaurant segment were eligible for selection. Figure 1 depicts the sample selection 
coverage area. 

 

Figure 1 Study Selection Areas within a 150-mile Radius from 22 Specialists’ Locations 
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Sample Size 
The FDA CFSAN Biostatistics Team determined that a minimum of 384 data collections 
of each restaurant facility type was needed during the initial and subsequent data 
collection periods. This sample size provides sufficient observations of food safety 
practices to be 95% confident that compliance percentages derived from the data 
collections are within 5% of their actual occurrence. For this study, the sample size was 
396 data collections for full-service restaurants and 425 for fast food restaurants. 

The sample establishment inventory was distributed evenly among the specialists. 
Since industry participation in the study was voluntary, a list of substitute restaurants 
was selected for each specialist for establishments that were found to be misclassified, 
closed, or otherwise unable or unwilling to participate. The FDA CFSAN Biostatistics 
Team randomly selected and maintained the inventory of substitute establishments. 

Study Protocol and Methodology 
Appendix A reproduces the data collection form used to collect observations in this 
study. A comprehensive presentation of the study protocol for data collection and 
marking instructions for the data collection form can be accessed using the web links 
provided in the References for the following documents: 

• Food and Drug Administration (2013b), Study on the Occurrence of Foodborne 
Illness Risk Factors in Selected Retail and Foodservice Facility Types (2013-
2023) – Protocol for the Data Collection 

• Food and Drug Administration (2013c), Retail Food Program Foodborne Illness 
Risk Factor Study – Marking Instructions for the Data Collection Form 

Eligibility Verification of Randomly Selected Restaurants 
The state or local jurisdictions with regulatory responsibility for conducting retail food 
inspections of the selected restaurants were contacted prior to conducting a data 
collection at the establishment. Specialists verified that the selected restaurant was 
placed in the proper restaurant category and, through discussions with the regulatory 
authority, determined whether the restaurant was under any legal notice. If the selected 
restaurant was under a legal notice, closed, or misclassified, the specialist did not 
conduct a data collection at that establishment, and a substitute was randomly selected. 

Regulatory Authorities of Selected Restaurants 
As part of the initial contact with the state or local regulatory authority, the specialist 
obtained information pertaining to its retail food inspection program, such as enrollment 
in the FDA Voluntary National Retail Food Regulatory Program Standards (VNRFRPS), 
timing of regulatory inspections, use of grading systems, posting of inspection results, 
manager certification requirements, and required food handler training. This information 
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was included as part of the data collection for the selected restaurants and provided an 
opportunity to assess how elements within a regulatory retail food protection program 
impact the relationship between FSMS, CFPM, and the occurrence of risk factors and 
food safety behaviors/practices. 

Each specialist extended an invitation to the state or local regulatory agency 
representative to accompany him or her during the data collection. When restaurant 
conditions merited regulatory actions, the accompanying state or local representative 
could intervene to ensure appropriate corrective actions were taken. If a state or local 
representative was not with the specialist during the data collection and conditions 
warranted regulatory action, the specialist contacted the regulatory authority after 
completing the data collection so that any necessary follow up could occur. 

Data Collection Protocol 
The specialist conducted unannounced, non-regulatory visits to each selected 
restaurant. Upon arrival at the establishment, the specialist explained the purpose of the 
visit to the owner or person in charge. An introductory letter explaining the purpose of 
the data collection visit, included in Appendix B, was also presented to the person in 
charge. If the owner or person in charge denied entry into the restaurant, data collection 
was not performed, and a substitute restaurant was randomly selected to replace the 
one that opted not to participate in the study. 

The specialist used the 2013 FDA Food Code as the standard of measurement for 
compliance markings for observations of employee food safety behaviors/practices. 
Quantitative measurements of food product temperatures, sanitizer concentrations, and 
dish machine final rinse temperatures were collected using calibrated equipment such 
as thermocouples, heat-sensitive tape, and maximum registering stem thermometers. 
Visual observations of food safety practices were supplemented by asking questions of 
food employees and/or managers to ensure clear understanding of food processes and 
procedures. The owner or person in charge of the restaurant was encouraged to 
accompany the specialist during data collection. 

Risk Factors and Associated Data Items 
This study focuses on observation and/or measurement of food safety 
practices/behaviors associated with the occurrence of foodborne illness risk factors. 
Four foodborne illness risk factors, comprising specific food safety behaviors (data 
items), were used as the key indicators for FDA’s statistical analysis for this study. Data 
items in this study are based on FDA Food Code recommendations and are designed to 
control food safety behaviors/practices. Table 4 presents the 10 data items and their 
associated risk factors. Ensuring that food is obtained from an approved source is the 
first line of defense for restaurants. FDA’s study design did not include this risk factor 
under the primary data items because the agency observed low out-of-compliance 
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percentages in the previous FDA 10-year study, and inspections conducted by 
regulatory partners substantiated these findings. 

Table 4 Foodborne Illness Risk Factors and the Associated Primary Data Items 
Examined in the Study 

Foodborne Illness 
Risk Factor Associated Primary Data Item Numbers and Description 

Poor Personal 
Hygiene 

• Data Item #1 – Employees practice proper handwashing. 
• Data Item #2 – Employees do not contact ready-to-eat foods with bare 

hands. 

Contaminated 
Equipment/Protection 
from Contamination 

• Data Item #3 – Food is protected from cross contamination during 
storage, preparation, and display. 

• Data Item #4 – Food contact surfaces are properly cleaned and 
sanitized. 

Improper Holding 
Time/Temperature 

• Data Item #5 – Foods requiring refrigeration are held at the proper 
temperature. 

• Data Item #6 – Foods displayed or stored hot are held at the proper 
temperature. 

• Data Item #7 – Foods are cooled properly. 
• Data Item #8 – Refrigerated, ready-to-eat foods are properly date 

marked and discarded within 7 days of preparation or opening. 

Inadequate Cooking • Data Item #9 – Raw animal foods are cooked to required temperatures. 
• Data Item #10 – Cooked foods are reheated to required temperatures. 

Data Items, Information Statements, and Documenting Observations 
Using the 2013 version of the FDA Food Code, the specialist marked observations and 
findings on the data collection form in four categories (see Appendix A). The specialist 
determined whether observations of employee food safety practices or behaviors 
contained in the information statements were in compliance, out-of-compliance, not 
observed, or not applicable: 

• In Compliance (IN): One or more information statements that are part of the 
data item were recorded as in compliance, and none of the information 
statements that are part of the data item was recorded as out-of-compliance. 

• Out-of-compliance (OUT): One or more information statements that are part of 
the data item were recorded as out-of-compliance. 

• Not Observed (NO): None of the information statements that are part of the data 
item was recorded as in compliance or out-of-compliance, and one or more 
information statements that are part of the data item were recorded as not 
observed. The “NO” marking was used when an information statement is a usual 
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practice in the food establishment, but the specialist did not observe the practice 
during the data collection. 

• Not Applicable (NA): All information statements that are part of the data item 
were recorded as not applicable. The “NA” marking was used when a data item 
or information statement was not a function of the food establishment. 

Calculating Compliance Percentages for Food Safety Behaviors/Practices 
Each data item comprises information statements related to specific food safety 
behaviors/practices. If any food safety practice was observed to be out-of-compliance, 
then the overall data item was marked out-of-compliance.1 The following formula 
calculates the percentage of out-of-compliance observations for each data item: 
 

 
 
Percent out-of-compliance observations for each data item represents the proportion of 
establishments where that data item was found out-of-compliance. If, for example, the 
data shows 80% out-of-compliance for the proper cooling of foods this means that there 
was at least one observation of improper cooling of foods in eight out of 10 
establishments where cooling of TCS foods was observed. The 80% score should not 
be interpreted to mean that foods were not cooled properly 80% of the time. 

Calculating Compliance Percentages for Each Risk Factor 
Each risk factor category encompasses a number of different food safety practices that 
take place in restaurants and for which widely recognized prevention-based controls 
exist which, when followed, may prevent or minimize the impact of foodborne illness 
outbreaks. If any data item that is part of a risk factor was marked “OUT,” the risk factor 
was considered out-of-compliance. The following formula calculates the percentage of 
restaurants out-of-compliance for each risk factor: 

 

 
 
 
 
  

                                                           
1 The previous FDA Report on the Occurrence of Foodborne Illness Risk Factors in Selected Institutional 
Foodservice, Restaurant, and Retail Food Store Facility Types (2009) used a weighted average. 
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Assessing Food Protection Manager Certification 
During data collection, the specialist obtained information about the scope and type of 
food protection manager certification attained by restaurant personnel. An assessment 
was made to determine whether 

• A CFPM was employed at the restaurant 

• A CFPM was present during data collection 

• The person in charge (as defined in the FDA Food Code) at the time of data 
collection was a CFPM 

For each area listed above where restaurant personnel provided a “yes” response, the 
specialist made an attempt to verify the response by requesting to view a copy of the 
certificate. The specialist also noted whether the certification was obtained from 

• An American National Standards Institute (ANSI)-accredited food protection 
manager certification program2.  

• A food protection manager certification program that was not ANSI-accredited, 
such as one that may have been developed and administered by the state or 
local regulatory authority with inspection oversight for the restaurant 

• A source for which the restaurant personnel could not provide documentation or 
specific reference 

In addition, by interviewing the person in charge, the specialist determined whether it 
was the restaurant’s policy to have a food protection manager present at all times, to 
gather baseline information on restaurants that have such a policy in place. 

Assessing Food Safety Management Systems 
A FSMS refers to a specific set of actions and/or procedures to help achieve active 
managerial control. While FSMS vary across the retail and food service industry, the 
purposeful implementation of those procedures, training, and monitoring are consistent 
components of FSMS. For the purpose of this study, these three key elements were 
used to assess a restaurant’s FSMS: 

  

                                                           
2 The American National Standards Institute (ANSI) provides independent third-party evaluation and accreditation of 
certification bodies determined to be in conformance with the Standards for Accreditation of Food Protection Manager 
Certification Programs available from the Conference for Food Protection (CFP).   A food employee certified by a 
food protection manager certification program that is evaluated and listed by a CFP-recognized accrediting agency as 
conforming to the CFP Standards is deemed to comply with the 2013 FDA Food Code, §2-102.12, Certified Food 
Protection Manager. 
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• Procedures (P): A defined set of actions adopted by food service management 
for accomplishing a task in a way that minimizes food safety risks 

• Training (T): The process of management’s informing employees of the food 
safety procedures within the restaurant and teaching employees how to carry 
them out 

• Monitoring (M): Routine observations and measurements conducted to 
determine if food safety procedures are being followed and maintained 

Taken collectively, these elements are referred to as an establishment’s “PTM” rating. 
During data collection, the specialist assessed each restaurant’s FSMS to determine the 
extent to which FSMS were developed and implemented in the restaurant to control one 
of the four foodborne illness risk factors shown in Table 4 that include the 10 primary 
data items in the study. The risk factor for which a FSMS assessment was conducted in 
each restaurant was randomly selected.  

For each of three FSMS key elements, the specialist interviewed the person in charge 
to determine if the assessment criteria for the assigned foodborne illness risk factor 
were addressed. The assessment criteria focused on determining if: 

• Management is able to describe the critical limits for (the specific risk factor 
procedure or practice) as they apply to the restaurant. 

• Management is able to describe the steps/tasks (how and when) that are 
performed to ensure the identified critical limits for (the specific risk factor 
procedure or practice) are achieved. 

• Management is able to identify specific employees that have been assigned the 
responsibility to correctly perform (the specific risk factor procedure or practice). 

• Management is able to produce written materials (standard operating 
procedures, posters, wall charts, wallet cards, etc.) that support implementing the 
system to control (the specific risk factor procedure or practice) within the 
restaurant. 

Based on management responses for each area described above, the specialist used a 
standardized system to rate each food safety management system element 
(Procedures, Training, and Monitoring (PTM)). 
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For this study, rating numbers (1 through 4) were defined as follows: 

1 Nonexistent: No system in place or system haphazardly implemented (no 
defined structure or frequency for implementation). 

2 Underdeveloped: System is in early development. Efforts are being made, but 
there are crucial gaps in completeness and/or consistency. 

3 Well-developed: System is complete, consistent, and oral or a combination of 
oral and written. The preponderance of the management system is oral. 

4 Well-developed and Documented: System is complete, consistent, and 
primarily written. The preponderance of the management system is written. 

This study calculated a single overall PTM rating for each restaurant by adding all 
individual PTM ratings for each data item and dividing by the number of individual 
ratings given. 

This FSMS score can be treated as a continuous variable with possible values ranging 
from 1 (complete absence of management systems) to 4 (well-developed and 
documented management systems) or analyzed as a categorical variable with a score 
of 1 being nonexistent, scores higher than 1 but less than 3 categorized as 
underdeveloped, scores of 3 but less than 4 categorized as well-developed, and scores 
of 4 categorized as well-developed and documented. 

To illustrate, if the poor personal hygiene risk factor was selected as the area for the 
specialist to conduct a FSMS assessment, then a separate evaluation of PTM would 
have been conducted for data items 1 and 2. 

Example: Poor Personal Hygiene 
Data Item #1 – Employees practice proper handwashing 
Data Item #2 – Employees do not contact ready-to-eat foods with bare hands 
 
If the ratings for PTM for data item #1 were 2 (P), 3 (T), and 3 (M), respectively, 
and for data item #2 the ratings were 2 (P), 2 (T), and 3 (M), the cumulative PTM 
rating for this restaurant would be calculated as follows: 

 

 

The cumulative PTM score for this restaurant is 2.5. 
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Quality Assurance 
Data collected by each specialist were stored in a database developed specifically for 
this study. This database contained a pre-programmed series of quality assurance 
checks to verify the accuracy of the data each time data were entered. Examples of the 
type of quality assurance checks programmed into the database include the following: 

• Notifications via dialogue boxes when any data entry field has been inadvertently 
left blank 

• Standard drop-down screens for consistent responses to informational data entry 
fields 

• Automatic calculation of the results of the overall data item based on the 
markings entered for the information statements under the data items 

• Cross-checks to ensure that compliance marking for data items requiring 
temperature measurements were consistent with the temperatures recorded in 
the temperature charts 

• Automatic calculations for food product temperature summary tables based on 
the actual temperature recorded in the temperature chart as compared to the 
required food safety temperature for the data item 

• Notifications via dialogue boxes that ensure the FSMS assessment was entered 
for the selected risk factor area 

Before conducting a statistical review of the data, the responses to each data item, 
along with corresponding comments entered by the specialist, were reviewed by a team 
including FDA staff from both the Office of Regulatory Affairs (ORA) and CFSAN to 
ensure consistency with the study marking instructions for the data collection form. 

Statistical Analysis 
Statistical analysis of the data was performed utilizing JMP©, Version 12. Statistical 
significance of individual variables was determined at p < 0.05 to understand the relative 
effect of each variable on the out-of-compliance of data items. The data were also 
analyzed by running descriptive statistics to describe the sampled population. 
Correlation analysis was conducted to identify relationships between variables. The 
impact of the presence of a CFPM and/or FSMS on the out-of-compliance data items 
was tested using multiple regression analysis. For each significant result, the 
moderating effect of multiple-unit status and complexity of food preparation was tested 
using multi-factor analysis of variance (ANOVA). 
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RESULTS AND DISCUSSION 
Results for fast food and full-service restaurants are presented together. When 
reviewing and analyzing the data, however, it is not appropriate to directly compare the 
results between fast food and full-service restaurants. The differences in operational 
variables, complexities of menus, operations, and procedures between each restaurant 
type create distinct environments that do not lend themselves to direct comparison. 

Results are presented in five parts: 

• Descriptive statistics 

• Occurrence of risk factors and out-of-compliance data items 

• Regulatory and establishment characteristics and the occurrence of out-of-
compliance data items  

• Correlations 

• Regression 

Descriptive Statistics 
This study included 425 fast food restaurants and 396 full-service restaurants: 

• Risk category and status as a multiple-unit operation differed between fast food 
and full-service restaurants. Seventy percent of fast food restaurants were risk 
category 2, whereas 87% of full-service restaurants were risk category 3. 

• The majority of fast food restaurants (79%) were part of a multiple-unit operation, 
whereas the majority of full-service operations (63%) were not. 

• Thirty-nine percent of fast food restaurants had well-developed and well-
developed and documented FSMS, as opposed to only 9% of full-service 
restaurants. 

• In fast food restaurants that were part of multiple-unit operations, 48.5% of 
establishments had well-developed or well-developed and documented FSMS, 
as compared to only 1.1% of single-unit establishments. Full-service restaurants 
had values of 20.3% and 2.0%, respectively. 

Table 5 shows the distribution of the establishments in the study based on the certified 
food protection manager status. The important take away is that most of the 
establishments had a CFPM in charge at the time of data collection. Table 5 does not 
address the question of whether the CFPM is always present, only the conditions 
observed during the data collection.  Sixty-four percent of fast food restaurants had a 
person in charge who was a CFPM and present at the time of data collection, whereas 
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19% had no CFPM at all. In full-service restaurants, 58% had a person in charge who 
was a CFPM and present at the time of data collection, as opposed to 26% with no 
CFPM. It is worth noting that the majority of all restaurants in this study operated in 
jurisdictions enrolled in the VNRFRPS, but the majority of those jurisdictions did not 
meet Program Standard 1, which applies to the regulatory foundation used by a retail 
food program (Table 6).3 Most restaurants also operated in jurisdictions that used 
grading and scoring systems, publicly posted inspection results, and had a requirement 
that establishments must have a CFPM (Table 6). 

 
  

                                                           
3 The VNRFRPS (Voluntary National Retail Food Regulatory Program Standards) define what constitutes a highly 
effective and responsive program for regulating food service and retail food establishments. They begin by providing 
a regulatory foundation (Program Standard 1), which includes any statute, regulation, rule, ordinance, or other 
prevailing set of regulatory requirements that governs the operation of a retail food establishment. They progress to a 
system upon which all regulatory programs can build through a continuous improvement process. The Retail Program 
Standards encourage regulatory agencies to improve and build upon existing programs. Further, they provide a 
framework designed to accommodate both traditional and emerging approaches to food safety. More information is 
available at http://www.fda.gov/Food/GuidanceRegulation/RetailFoodProtection/ProgramStandards/default.htm. 

http://www.fda.gov/Food/GuidanceRegulation/RetailFoodProtection/ProgramStandards/default.htm
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Table 5 Descriptive Statistics 

Characteristic 

Number of 
Fast Food 

Restaurants 
(N = 425) 

% 

Number of 
Full-service 
Restaurants  

(N = 396) 

% 

Certified Food Protection Manager     

None 82 19.29 101 25.51 

Employed but not present 53 12.47 45 11.36 

Employed and present 16 3.76 20 5.05 

Person in charge 274 64.47 230 58.08 

Food Safety Management System4     

Nonexistent 56 13.37 124 31.31 

Underdeveloped 201 47.97 237 59.85 

Well-developed 119 28.40 24 6.06 

Well-developed and 
documented 43 10.26 11 2.78 

Risk Categorization     

Risk category 2 298 70.12 35 8.84 

Risk category 3 126 29.65 343 86.62 

Risk category 4 1 0.24 18 4.55 

Multiple-unit     

Yes 337 79.29 148 37.37 

No 88 20.71 248 62.63 

 

                                                           
4 PTM evaluations were not performed for six establishments at which inadequate cooking was randomly selected as 
the area for the specialist to conduct a FSMS assessment. A FSMS assessment of the inadequate cooking risk factor 
required calculation of an overall PTM score based on an evaluation of data items 9 (Raw animal foods are cooked to 
required temperatures) and 10 (Cooked foods are reheated to required temperatures). However, the six 
establishments did not do any cooking or reheating so data items 9 and 10 were marked not applicable. 
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Table 6 Jurisdictional Characteristics 

Characteristic 

Number of 
Fast Food 

Restaurants 
(N = 425) 

% 

Number of 
Full-service 
Restaurants 

(N = 396) 

% 

Jurisdiction enrolled in VNRFRPS     

Yes 283 66.59 244 61.62 

No 142 33.41 152 38.38 

Jurisdiction meets VNRFRPS 
Standard 1     

Yes 98 34.63 80 32.79 

No 185 65.37 164 67.21 

Jurisdiction uses a grading 
system     

Yes 264 62.12 225 56.82 

No 161 37.88 171 43.18 

Jurisdiction requires public 
posting of inspection results     

Yes 324 76.24 286 72.22 

No 101 23.76 110 27.78 

Jurisdiction has mandatory 
certified food protection manager 
requirement 

    

Yes 299 70.35 279 70.45 

No 126 29.65 117 29.55 
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Occurrence of Risk Factors and Out-of-compliance Data Items 

Percent Out-of-compliance 
The occurrence of foodborne illness risk factors and the associated food safety 
behaviors/practices was studied among 821 restaurants (425 fast food and 396 full-
service). Table 7 shows the percentage of restaurants found out-of-compliance for each 
risk factor. The two most commonly occurring risk factors found out-of-compliance in 
both types of restaurants were improper holding/Time and Temperature (fast food, 78%; 
full-service restaurants, 95%) and poor personal hygiene (fast food, 67%; full-service 
restaurants, 83%). Inadequate cooking was the least commonly occurring risk factor 
found out-of-compliance in both fast food (15%) and full-service restaurants (33%). This 
risk factor (inadequate cooking) was only observed in 65% of fast food restaurants 
(277/425) and in 82% of full-service restaurants (323/396). The timing of the data 
collection visit may have influenced the specialist’s ability to observe this risk factor as 
reheating of cooked foods to required temperatures (a data item included under the 
foodborne illness risk factor of inadequate cooking) is often one of the first thermal 
processes conducted in a restaurant as part of its pre-opening procedures (see 
Appendix C).  

Table 7 Total Number and Percentage of Restaurants Out-of-compliance for Each 
Risk Factor 

 
  

Foodborne Illness 
Risk Factor 

Fast Food 
Restaurants 

(# OUT) 

Total Obs. 
(IN & OUT) % OUT 

Full-service 
Restaurants 

(# OUT) 

Total Obs. 
(IN & OUT) % OUT 

Poor Personal 
Hygiene 283 425 66.59 329 396 83.08 

Contaminated 
Equipment 242 425 56.94 325 396 82.07 

Improper 
Holding/Time and 
Temperature 

330 425 77.65 375 396 94.70 

Inadequate Cooking 42 277 15.16 105 323 32.51 
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Table 8 shows the percentage of restaurants found out-of-compliance for each of 10 
primary data items. Raw animal foods cooked to required temperatures was the least-
occurring primary data item out-of-compliance in both fast food and full-service 
restaurants. 

Table 8 Total Number and Percentage of Restaurants Out-of-compliance for Each 
Data Item 

Data 
Item Description 

Fast Food 
Restaurants 

(# OUT) 

Total Obs. 
(IN & OUT) 

% 
OUT 

Full-service 
Restaurants 

(# OUT) 

Total Obs. 
(IN & OUT) 

% 
OUT 

1 
Employees practice 
proper handwashing 277 422 65.64 323 392 82.40 

2 
Employees do not 
contact ready-to-eat 
foods with bare hands 

53 425 12.47 133 396 33.59 

3 

Food is protected from 
cross contamination 
during storage, 
preparation, and 
display 

157 425 36.94 265 396 66.92 

4 
Food contact surfaces 
are properly cleaned 
and sanitized 

174 425 40.94 246 396 62.12 

5 
Foods requiring 
refrigeration are held at 
proper temperature 

290 425 68.24 341 396 86.11 

6 
Foods displayed or 
stored hot are held at 
proper temperature 

80 334 23.95 116 334 34.73 

7 Foods are cooled 
properly 

85 172 49.42 196 273 71.79 

8 

Refrigerated, ready-to-
eat foods are properly 
date marked and 
discarded within 7 days 
of preparation or 
opening 

129 402 32.09 272 385 70.65 

9 
Raw animal foods are 
cooked to required 
temperatures 

23 216 10.65 64 304 21.05 

10 
Cooked foods are 
reheated to required 
temperatures 

21 131 16.03 48 131 36.64 
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Table 9 lists in (descending order) out-of-compliance percentages for each primary data 
item. 

Table 9 Primary Data Items Out-of-compliance in Descending Order of 
Percentage 

Data 
Item 

Fast Food Restaurants 
Data Item Description 

% 
OUT 

Data 
Item 

Full-service Restaurants 
Data Item Description 

% 
OUT 

5 
Foods requiring refrigeration are 
held at proper temperature 68.24 5 Foods requiring refrigeration are 

held at proper temperature 86.11 

1 Employees practice proper 
handwashing 65.64 1 Employees practice proper 

handwashing 82.40 

7 Foods are cooled properly 49.42 7 Foods are cooled properly 71.79 

4 Food contact surfaces are properly 
cleaned and sanitized 

40.94 8 

Refrigerated, ready-to-eat foods 
are properly date marked and 
discarded within 7 days of 
preparation or opening 

70.65 

3 
Food is protected from cross 
contamination during storage, 
preparation, and display 

36.94 3 
Food is protected from cross 
contamination during storage, 
preparation, and display 

66.92 

8 

Refrigerated, ready-to-eat foods are 
properly date marked and discarded 
within 7 days of preparation or 
opening 

32.09 4 Food contact surfaces are properly 
cleaned and sanitized 62.12 

6 Foods displayed or stored hot are 
held at proper temperature 23.95 10 Cooked foods are reheated to 

required temperatures 36.64 

10 Cooked foods are reheated to 
required temperatures 16.03 6 Foods displayed or stored hot are 

held at proper temperature 34.73 

2 Employees do not contact ready-to-
eat foods with bare hands 12.47 2 Employees do not contact ready-

to-eat foods with bare hands 33.59 

9 Raw animal foods are cooked to 
required temperatures 10.65 9 Raw animal foods are cooked to 

required temperatures 21.05 

 

Of the 10 food safety behaviors/practices (data items) associated with the four risk 
factors in this study, both fast food and full-service restaurants were found to have the 
most control over the same two data items (2,9) and also had the least control over the 
same two data items (5,1). When a data item or risk factor is IN compliance then the 
facility has control over that data item or risk factor. The data items or risk factors with 
the lower OUT of compliance percentages indicate more control over the data item or 
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risk factor. In this study both fast food and full-service restaurants have the most control 
over data item 9 since it has the lowest OUT of compliance percentage. 

Data item 2 (employees do not contact ready-to-eat foods with bare hands) and Data 
item 9 (raw animal foods are cooked to required temperatures) were found out-of-
compliance least commonly at 12% and 11%, respectively, for fast food restaurants, 
and 34% and 21%, respectively, for full-service restaurants. Data item 5 (foods requiring 
refrigeration are held at proper temperature) and Data item 1 (employees practice 
proper handwashing) were found out-of-compliance most commonly at 68% and 66%, 
respectively, for fast food restaurants, and 86% and 82%, respectively, for full-service 
restaurants. This suggests that while restaurants are better at managing bare-hand 
contact with ready-to-eat foods and ensuring foods are cooked to required 
temperatures, there remains a need to gain better control over cold holding foods 
requiring refrigeration and employee handwashing. 

The high out-of-compliance percentage of the improper holding risk factor (Table 7) in 
fast food restaurants (78%) was largely due to high out-of-compliance findings in two of 
the four data items the risk factor includes: Data item 5 (foods requiring refrigeration are 
held at proper temperature) and Data item 7 (foods are cooled properly). These data 
items had out-of-compliance percentages of 68% and 49%, respectively, as shown in 
Table 9. 

The high out-of-compliance percentage of the improper holding risk factor (Table 7) in 
full-service restaurants (95%) was largely due to high out-of-compliance findings in 
three of the four data items that the risk factor includes: Data item 5 (foods requiring 
refrigeration are held at proper temperature), Data item 7 (foods are cooled properly), 
and Data item 8 (refrigerated, ready-to-eat foods are properly date marked and 
discarded within seven days of preparation or opening). These data items had out-of-
compliance percentages of 86%, 72%, and 71%, respectively, as shown in Table 9. 

The out-of-compliance finding with handwashing (data item 1; 66%) in fast food 
restaurants (Table 8) was due to at least one observation in 57% of fast food 
restaurants that an employee did not clean and wash their hands at the required time, 
and in 45% of fast food restaurants that at least one employee was not properly 
cleaning and washing their hands. 

The high out-of-compliance finding with handwashing (data item 1; 82%) in full-service 
restaurants (Table 8) was due to at least one observation in 80% of full-service 
restaurants that an employee did not clean and wash their hands at the required times, 
and in 61% of full-service restaurants that at least one employee was not properly 
cleaning and washing their hands. 
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Number of Data Items Out-of-compliance per Restaurant 
Tables 10 and 11 list the cumulative number of restaurants found out-of-compliance by 
the number of data items. The tables also display the corresponding percentage, and 
cumulative percentages. 
 
Fast Food Restaurants 

• Median number of primary data items out-of-compliance = 3 

• 63% (269) had 3 or fewer primary data items out-of-compliance 

• 8% (36) had no primary data items out-of-compliance 

• 15% (63) had one primary data item out-of-compliance 

Full-service Restaurants 
• Median number of primary data items out-of-compliance = 5 

• 55% (217) had 5 or fewer primary data items out-of-compliance 

• 2% (8) had no primary data items out-of-compliance 

• 3% (13) had one primary data item out-of-compliance 
 

Table 10  Overall Number of Primary Data Items Out-of-compliance Percentiles 
(Fast Food Restaurants) 

Number of Primary 
Data Items Out-of-

compliance 

Number of Fast 
Food 

Restaurants 
% 

Cumulative Number 
of Fast Food 
Restaurants 

Cumulative % 

0 36 8.47 36 8.47 

1 63 14.82 99 23.29 

2 84 19.76 183 43.06 

3 86 20.24 269 63.29 

4 58 13.65 327 76.94 

5 48 11.29 375 88.24 

6 28 6.59 403 94.82 

7 16 3.76 419 98.59 

8 6 1.41 425 100.00 

9 0 0.00 425 100.00 

10 0 0.00 425 100.00 
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Table 11  Overall Number of Primary Data Items Out-of-compliance Percentiles 
(Full- service Restaurants) 

Number of Primary 
Data Items Out-of-

compliance 

Number of Full-
service 

Restaurants 
% 

Cumulative Number 
of Full-service 
Restaurants 

Cumulative 
% 

0 8 2.02 8 2.02 

1 13 3.28 21 5.30 

2 29 7.32 50 12.63 

3 33 8.33 83 20.96 

4 55 13.89 138 34.85 

5 79 19.95 217 54.80 

6 86 21.72 303 76.52 

7 47 11.87 350 88.38 

8 41 10.35 391 98.74 

9 4 1.01 395 99.75 

10 1 0.25 396 100.00 

 
Regulatory and Establishment Characteristics and the Occurrence of 
Out-of-compliance Data Items  

Fast Food Restaurants 

A. Multiple-unit Operations 

On average fast food restaurants that were part of a multiple-unit operation had 
significantly lower primary data items out-of-compliance (p < 0.01) compared to those 
not part of a multiple-unit operation (Table 12). Restaurants part of an operation with 
two or more units were classified as multiple-unit operations. 
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Table 12  Mean Number of Primary Data Items Out-of-compliance by Multiple-  
 unit Operation Status (Fast Food Restaurants) 

Multiple-unit Number of Fast Food Restaurants Mean Number of Primary Data Items 
Out-of-compliance 

No 88 4.51 

Yes 337 2.65  

 

B. Risk Categorization 

On average risk category 2 establishments had significantly lower primary data items 
out-of-compliance (p < 0.05) compared to risk category 3 establishments (Table 13). 
Statistical comparisons were not performed on one fast food restaurant designated as 
risk category 4. 

Table 13  Mean Number of Primary Data Items Out-of-compliance by Risk  
 Category (Fast Food Restaurants) 

Risk Category Number of Fast Food Restaurants Mean Number of Primary Data Items 
Out-of-compliance 

2 298 2.86 

3 126 3.42 

 

C. Grading, Inspection Reporting, and Food Handler Training 

On average fast food restaurants located in jurisdictions that graded establishments did 
not have significantly different results (p = 0.5573) compared to those located in 
jurisdictions that did not grade (Table 14). Establishments located in jurisdictions where 
there was a requirement to make inspection results public did not have significantly 
different compliance (p = 0.8440) than those without inspection reporting. 
Establishments in jurisdictions that required food handler training did not have 
significantly different compliance (p = 0.8448) than establishments in jurisdictions that 
did not require food handler training. 
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Table 14 Mean Number of Primary Data Items Out-of-compliance by Jurisdiction   
 Variable (Fast Food Restaurants) 

Variable Number of Fast Food 
Restaurants 

Mean Number of Primary Data Items 
Out-of-compliance 

Grading   

No 161 2.96 

Yes 264 3.08 

Inspection Reporting   

No 101 3.00 

Yes 324 3.04 

Food Handler Training Requirement   

No 266 3.02 

Yes 159 3.06 

 
D. Certified Food Protection Managers 

As indicated in Table 15, fast food restaurants with no CFPM employed at the 
restaurant averaged 3.4634 primary data items out-of-compliance. Those with a CFPM 
employed at the restaurant but not present during data collection had an average of 
3.2642 primary data items out-of-compliance. The difference is not significant (p = 
0.5620). Those establishments with a CFPM present at the time of data collection had 
an average of 2.6875 primary data items out-of-compliance. The average number out-
of-compliance was not significantly different from those establishments with no CFPM 
employed (p = 0.1278). Fast food restaurants with a CFPM present and in charge had a 
significantly lower number of data items out-of-compliance than those with no CFPM (p 
= 0.0160). This indicates a significant difference in the number of out-of-compliance 
data items between establishments with a CFPM present and those that did not have a 
CFPM present at the time of data collection. 
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Table 15  Mean Number of Primary Data Items Out-of-compliance by Certified  
 Food Protection Manager Status (Fast Food Restaurants) 

Certified 
Manager 

Employed 

Certified 
Manager 
Present 

Certified 
Person in 
Charge 

Number of Fast Food 
Restaurants 

Mean Number of 
Primary Data Items 
Out-of-Compliance 

No No No 82 3.46 

Yes No No 53 3.26 

Yes Yes No 16 2.69 

Yes Yes Yes 274 2.88 

 

Full-service Restaurants 

A. Multiple-unit Operations 

On average full-service restaurants that were part of a multiple-unit operation had 
significantly lower primary data items out-of-compliance (p < 0.01) compared to those 
not part of a multiple-unit operation (Table 16). Restaurants part of an operation with 
two or more units were classified as multiple-unit operations. 
 

Table 16  Mean Number of Primary Data Items Out-of-compliance by Multiple- 
 unit Operation Status (Full-service Restaurants) 

Multiple-unit Number of Full-service 
Restaurants 

Mean Number of Primary Data Items 
Out-of-Compliance 

No 248 5.30 

Yes 148 4.66 

 

B. Risk Categorization 

On average risk category 2 establishments had significantly lower primary data items 
out-of-compliance (p < 0.05) compared to risk category 3 establishments (Table 17). 
Only 18 full-service restaurants were designated as risk category 4, so statistical 
comparisons were not performed. 
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Table 17  Mean Number of Primary Data Items Out-of-compliance by Risk  
 Category (Full-service Restaurants) 

Risk Category Number of Full-service 
restaurants 

Mean Number of Primary Data 
Items Out-of-Compliance 

2 35 4.20 

3 353 5.14 

 

C. Grading, Inspection Reporting, and Food Handler Training 

Full-service restaurants located in jurisdictions that graded establishments did not have 
significantly different results (p = 0.0819) compared to full-service restaurants located in 
jurisdictions that did not grade. Establishments located in jurisdictions where there was 
a requirement to make inspection results public did not have significantly different 
compliance (p = 0.6820) than establishments in jurisdictions that did not require 
reporting. Establishments in jurisdictions that required food handler training did not have 
significantly different compliance (p = 0.0626) than establishments in jurisdictions that 
did not require food handler training (Table 18). 
 

Table 18  Mean Number of Primary Data Items Out-of-compliance by Jurisdiction  
 Variables (Full-service Restaurants) 

Variable Number of Full-service 
Restaurants 

Mean Number of Primary Data 
Items Out-of-Compliance 

Grading   

No 171 4.86 

Yes 225 5.21 

Inspection Reporting   

No 110 3.00 

Yes 286 3.04 

Food Handler Training   

No 262 5.19 

Yes 134 4.80 
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D. Certified Food Protection Managers 

As shown in Table 19, full-service restaurants with no CFPM employed averaged 
5.6931 primary data items out-of-compliance. Those with a CFPM employed at the 
restaurant but not present during the data collection had an average of 5.4000 primary 
data items out-of-compliance. The difference is not statistically significant (p = 0.3222). 
Those establishments with a CFPM present at the time of data collection had an 
average of 4.8500 primary data items out-of-compliance. The average number out-of-
compliance was significantly different from those establishments with no CFPM 
employed (p = 0.0343). Full-service restaurants with a CFPM present and in charge had 
a significantly lower number of data items out-of-compliance than those with no CFPM 
(p < 0.0001). This indicates a significant difference in the number of out-of-compliance 
data items between establishments with a CFPM present and those without a CFPM 
present at the time of data collection. 
 

Table 19  Mean Number of Primary Data Items Out-of-compliance by Certified  
 Food Protection Manager Status (Full-service Restaurants) 

Certified 
Manager 

Employed 

Certified 
Manager 
Present 

Certified 
Person in 
Charge 

Number of Full-service 
Restaurants 

Mean Number of 
Primary Data Items 
Out-of-compliance 

No No No 101 5.69 

Yes No No 45 5.40 

Yes Yes No 20 4.85 

Yes Yes Yes 230 4.73 

 

Correlations 
Tables 20 and 21 present Pearson’s product moment correlations between different 
factors. Pearson’s product moment correlations appearing with an asterisk are 
significant (p < 0.05). The Spearman correlation is also presented for selected pairs. 

Spearman’s rank-order coefficient is the nonparametric version of Pearson’s coefficient 
and was used as a second measure to evaluate correlation. Pearson’s coefficient 
assesses linearity, whereas Spearman’s coefficient assesses monotonicity (including 
nonlinear relationships). 
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The CFPM variable was converted to an ordinal variable for the correlation analysis. 
Having no CFPM employed was coded as 1, having a CFPM employed but not present 
was coded as 2, having a CFPM present was coded as 3, and having the CFPM in 
charge was coded as 4. 

In fast food restaurants, food safety management systems were highly correlated with a 
CFPM, multiple-unit operations, and the number of primary data items out-of-
compliance. The positive correlation 0.3157 (Spearman’s ρ = 0.3081, p < 0.01) 
indicates that as the certified food protection manager category increases, the food 
safety management systems category also increases. Multiple-unit operations were 
correlated, 0.5633, (Spearman’s ρ = 0.5625, p < 0.01) with better food safety 
management systems. This indicates that multiple-unit operations tended to have better 
FSMS. FSMS were negatively correlated with the number of primary data items out-of-
compliance, -0.4205, (Spearman’s ρ = -0.4125, p < 0.01). This negative correlation 
indicates that as the FSMS category increases, the number of primary data items out-
of-compliance decreases. Multiple-unit operations are also correlated with the number 
of primary data items out-of-compliance, -0.3934, (Spearman’s ρ = -0.3725, p < 0.01). 
This indicates that multiple-unit operations are correlated with lower numbers of primary 
data items out-of-compliance. 

In full-service restaurants, food safety management systems were correlated with a 
CFPM (0.2882), multiple-unit operations (0.4592), and number of primary data items 
out-of-compliance (-0.4549) (Spearman’s ρ = 0.2509, 0.4226, and -0.4102, respectively; 
p < 0.01 for each). As the CFPM category increases, the FSMS category also 
increases. Multiple-unit operations were positively correlated with FSMS. FSMS were 
negatively correlated with the number of primary data items out-of-compliance, 
indicating an inverse relationship. Increases in the FSMS category were correlated with 
lower numbers of primary data items out-of-compliance. 
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Table 20  Pearson Product Correlations between Study Variables (Fast Food 
Restaurants) 

Variable 1 2 3 4 5 6 7 8 9 10 

1. CFPM  1.0000          

2. FSMS 0.3157* 1.0000         

3. Risk Category -0.0706 -0.1596* 1.0000        

4. Multiple-unit 
Status 0.1402* 0.5633* -0.2190* 1.0000       

5. Inspection 
Reporting 0.0114 0.0699 -0.0784 0.0012 1.0000      

6. Enrollment in 
VNRFRPS -0.0483 0.2145* 0.0513 0.0935 0.2960* 1.0000     

7. Grading -0.0574 -0.1359* 0.0994* -0.0798 -0.2819* -0.0844 1.0000    

8. Mandatory 
CFPM 0.3628* -0.0093 -0.1005* -0.1156* -0.1567* -0.2086* 0.0396 1.0000   

9. Number of 
Data Items Out-
of-compliance 

-0.1240* -0.4205* 0.1394* -0.3934* 0.0096 -0.1203* -0.0285 0.0648 1.0000  

10. Number of Risk 
Factors -0.1247* -0.3020* 0.0633 -0.2329* 0.0600 -0.0596 -0.0651 0.0247 0.8532* 1.0000 

*p < 0.05, CFPM – Certified Food Protection Manager, FSMS – Food Safety Management System, 
VNRFRPS – Voluntary National Retail Food Regulatory Program Standards. 
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Table 21 Pearson Product Correlations between Study Variables (Full-service 
Restaurants) 

Variable 1 2 3 4 5 6 7 8 9 10 

1. CFPM  1.0000          

2. FSMS 0.2882* 1.0000         

3. Risk 
Category 0.0545 -0.0237 1.0000        

4. Multiple-unit 
Status 0.1370* 0.4592* -0.1099* 1.0000       

5. Inspection 
Reporting -0.0548 0.1117* -0.0422 0.1528* 1.0000      

6. Enrollment 
in VNRFRPS -0.1608* 0.1102* -0.0075 0.0838 0.3684* 1.0000     

7. Grading 0.0169 -0.0770 -0.0092 -0.1676* -0.2789* -0.1296* 1.0000    

8. Mandatory 
CFPM 0.6089* 0.0848 -0.0003 0.0426 -0.1545* -0.2607* 0.0282 1.0000   

9. Number of 
Data Items 
Out-of-
compliance 

-0.2101* -0.4549* 0.1147* -0.1538* -0.0207 0.0680 -0.0875 -0.0772 1.0000  

10. Number of 
Risk Factors -0.1420* -0.2909* 0.0690 -0.0347 -0.0064 0.0729 -0.1264* -0.0314 0.7970* 1.0000 

*p < 0.05 CFPM – Certified Food Protection Manager, FSMS – Food Safety Management System, 
VNRFRPS – Voluntary National Retail Food Regulatory Program Standards. 
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Regression 
To examine effects on the average number of primary data items out-of-compliance, 
FDA conducted regression analyses to determine whether risk category, multiple-unit 
status, CFPM, and/or FSMS were significant predictors of out-of-compliance data items. 
The explanatory variables most highly correlated with the response are discussed 
below. 

Fast Food Restaurants 

There was a significant difference in the mean number of primary data items out-of-
compliance between the different variables as determined by multi-factor ANOVA 
(F(6,412) = 18.956, p < 0.01). Table 22 presents the results of the effects tests, which 
test the null hypothesis that all parameters associated with the effect are zero. 

Table 22 Tests for Predictors of Out-Of-Compliance Items for Fast Food 
Restaurants 

Variable Number of 
Parameters 

Degrees of 
Freedom 

(df) 

Sum of 
Squares F Ratio P-value 

Risk Category 1 1 4.16 1.42 0.2344 

Multiple-unit 1 1 48.10 16.38 <0.0001* 

CFPM 3 3 0.67 0.08 0.9730 

FSMS 1 1 80.48 27.41 <0.0001* 

*p < 0.05 CFPM – Certified Food Protection Manager, FSMS – Food Safety Management System 
CFPM treated as ordinal variable, 1=none, 2=employed but not present, 3=present, 4=Person in charge 
FSMS treated as continuous variable, possible values from 1-4. 
 
Table 23 presents the results of the regression analysis. Risk category was not a 
significant predictor of out-of-compliance data items in fast food restaurants (B = 
0.2214, t (1) = 1.19, p = 0.2344). Multiple-unit status (b = 0.514, t (1) = 4.05, p < 0.01) 
and FSMS (B = -0.566, t (1) = -5.24, p < 0.01) were found to be significant predictors 
and negatively related to out-of-compliance data items. The negative parameter 
estimate for FSMS indicates that for every increase in the FSMS category there is a 
reduction of 0.566 in the number of primary data items out-of-compliance. CFPM was 
not a significant predictor of out-of-compliance data items. 
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Table 23 Regression Analysis (Fast Food Restaurants)  

Predicting 
Variable B Standard Error t p 

Risk Category 0.22 0.19 1.19 0.2344 

Multiple-unit: No 0.51 0.13 4.05 <0.0001* 

CFPM: Employed 0.08 0.21 0.39 0.6984 

CFPM: None 0.02 0.20 0.08 0.9381 

CFPM: 
Person in Charge 0.04 0.15 0.28 0.7811 

FSMS -0.57 0.11 -5.24 <0.0001* 

*p < 0.05; Dependent Variable: Number of Data Items Out-of-compliance, CFPM – Certified Food 
Protection Manager, FSMS – Food Safety Management System 
 
The multiple-unit effect can be seen when the least squares means are analyzed (Table 
24). There was a significant difference (p < 0.05) in the number of primary data items 
out-of-compliance depending upon the restaurant’s status as a multiple-unit operation. 
The least squares means were not significantly different for any level of CFPM (Table 
24). 
 
Table 24  Least Squares Means (Fast Food Restaurants) 

Variable Least Squares Means Standard Error 

Multiple-unit   

No 3.83 0.24 

Yes 2.81 0.14 

CFPM   

None 3.33 0.22 

Employed 3.40 0.25 

Person in charge 3.36 0.13 

Present 3.18 0.43 

CFPM – Certified Food Protection Manager 
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Full-service Restaurants 

In full-service restaurants, there was a significant difference in the mean number of 
primary data items out-of-compliance between the different variables as determined by 
one-way ANOVA (F(6,389) = 61.1948, p < 0.01). Table 25 presents the results of the 
effects tests, which tests the null hypothesis that all parameters associated with the 
effect are zero. 

Table 25 Tests for Predictors of Out-Of-Compliance Items for Full-service 
Restaurants 

Variable Number of 
Parameters 

Degrees of 
Freedom 

(df) 

Sum of 
Squares F Ratio Prob > F 

Risk Category 1 1 21.61 6.89 0.0090* 

Multiple-unit 1 1 8.99 2.87 0.0911 

CFPM 3 3 12.96 1.38 0.2492 

FSMS 1 1 250.34 79.86 <0.0001* 

*p < 0.05; Dependent Variable: Number of Data Items Out-of-compliance, CFPM – Certified Food 
Protection Manager, FSMS – Food Safety Management System 
CFPM treated as ordinal variable, 1=none, 2=employed but not present, 3=present, 4=Person in charge 
FSMS treated as continuous variable, possible values from 1-4. 
 
Table 26 presents the results of the regression analysis. Risk category (B = 0.652, t (1) 
= 2.63, p < 0.01) and FSMS (B = -1.207, t (1) = -8.94, p < 0.01) were significant 
predictors of out-of-compliance data items in full-service restaurants. The negative 
parameter estimate for the FSMS indicates that for every increase in the FSMS, there is 
a reduction of 1.207095 in the number of primary data items out-of-compliance. Risk 
category is positive, indicating that as risk category increases, the number of primary 
data items out-of-compliance increases by 0.6527986. Multiple-unit status (B = -0.176, t 
(1) = -1.69, p = 0.091) and CFPM were not significant predictors of out-of-compliance 
data items (Table 26). 
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Table 26  Regression Analysis (Full-service Restaurants) 

Predicting 
Variable B Standard Error t p 

Risk Category 0.65 0.25 2.63 0.0090* 

Multiple-unit: No -0.18 0.10 -1.69 0.0911 

CFPM: Employed 0.08 0.23 0.37 0.7130 

CFPM: None 0.21 0.18 1.13 0.2607 

CFPM: 
Person in Charge -0.22 0.16 -1.43 0.1544 

FSMS -1.21 0.14 -8.94 <0.0001* 

*p < 0.05; Dependent Variable: Number of Data Items Out-of-compliance, CFPM – Certified Food 
Protection Manager, FSMS – Food Safety Management System 
 

Table 27 presents least squares means for multiple-unit operations and CFPM. There 
are no significant differences in the least squares means between single-unit and 
multiple-unit operations or between the levels of CFPM. 
 

Table 27  Least Squares means (Full-service Restaurants) 

Variable Least Squares Means Standard Error 

Multiple-unit   

No 5.00 0.15 

Yes 5.35 0.19 

CFPM   

None 5.38 0.18 

Employed 5.26 0.27 

Person in charge 4.95 0.12 

Present 5.11 0.40 

CFPM – Certified Food Protection Manager  
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CONCLUSION 
The purpose of this first data collection during the current study period was to 
investigate the relationship between FSMS, CFPM, and the occurrence of risk factors 
and food safety behaviors/practices commonly associated with foodborne illness in 
restaurants. 

Our objectives were to: 

• Identify the least and most often occurring foodborne illness risk factor and food 
safety behaviors/practices in restaurants within the United States; 

• Determine the extent to which FSMS and the presence of a CFPM impact the 
occurrence of food safety behaviors/practices; and 

• Determine whether the occurrence of food safety behaviors/practices in 
restaurants differs based on a restaurant’s risk categorization and status as a 
single-unit or multiple-unit operation. 

Data analyses in this report showed the following: 

• More than 70% of the restaurants in this study operated in jurisdictions that 
required a CFPM and most restaurants were found to have a CFPM employed 
and present at the time of data collection. 

• Of the foodborne illness risk factors investigated in this study, restaurants had 
the best control over inadequate cooking. There remains a need to gain better 
control over improper holding/time and temperature and poor personal hygiene. 

• Of the food safety behaviors/practices investigated in this study, restaurants had 
the best control over the following: 

o Ensuring no bare-hand contact with ready-to-eat foods; and 

o Cooking raw animal foods to their required temperatures. 

• There remains a need to gain better control over the following food safety 
behaviors and practices: 

o Employee Handwashing (includes both when to wash and how to wash 
properly); and 

o Cold holding of foods requiring refrigeration. 

• FSMS were the strongest predictor of data items being out-of-compliance in both 
fast food and full-service restaurants: those with well-developed food safety 
management systems had significantly fewer food safety behaviors/practices out-
of-compliance than did those with less developed food safety management 
systems. 
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For example, fast food restaurants with nonexistent FSMS averaged almost 4.5 
data items out-of-compliance, while fast food restaurants with well-developed 
and documented FSMS averaged fewer than 1.7 data items out-of-compliance. 
For full-service restaurants, facilities with nonexistent FSMS averaged 5.8 data 
items out-of-compliance, while those with well-developed and documented FSMS 
averaged 2.1 data items out-of-compliance. 

• Restaurants with a CFPM present at the time of data collection were associated 
with fewer out-of-compliance food safety behaviors/practices than those whose 
CFPM was not present, based upon univariate examination. In fact, having a 
CFPM who was not present was almost no different than having no CFPM at all 
for the out-of-compliance food safety behaviors/practices evaluated in this study. 
This suggests that simply having a CFPM employed by the restaurant without 
that individual being present does not materially improve the restaurant’s 
compliance. However, upon multi-factor regression, the correlations between 
certified food protection manager and out-of-compliance become non-significant, 
indicating that food safety management systems and not the presence of a 
certified food protection manager predicts compliance with food safety 
behaviors/practices. 

• Restaurants that had a CFPM who was the person in charge at the time of data 
collection had significantly better FSMS scores than those restaurants that did 
not have a CFPM present or employed. 

In fast food restaurants with a CFPM who was the person in charge at the time of 
data collection, the average FSMS score was 2.645, while the average score for 
fast food restaurants with no CFPM employed was 1.822. In full-service 
restaurants, scores were 1.842 and 1.348, respectively. This suggests that 
having a CFPM present at all hours of operation enhances food safety 
management systems and reduces the number of out-of-compliance food safety 
behaviors/practices. 

Areas of Future Study 
Measuring and reporting on the occurrence of foodborne illness risk factors and food 
safety behaviors/practices at retail food establishments provide the foundation for 
implementing risk-based interventions designed to have the greatest impact on 
enhancing public health protection. FDA will continue to collect and use these data and 
results from this study as a source of information to aid decision makers in reducing the 
occurrence of risk factors responsible for causing foodborne illness. Continued research 
is needed to identify the causes of poor food safety practices in restaurants and to 
determine cost-effective, evidence-based intervention strategies and inspection 
approaches for improving the nation’s retail food protection system. 
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APPENDIX A: FDA FOODBORNE ILLNESS RISK 
FACTOR STUDY DATA COLLECTION FORM 
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Risk Factor – Poor Personal Hygiene 
(Data Items 1 & 2) 
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Risk Factor – Contaminated Equipment/Protection from Contamination 
(Data Items 3 & 4) 
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Risk Factor – Improper Holding/Time and Temperature  
(Data Items 5-8) 
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Risk Factor – Inadequate Cooking 
(Data Items 9 & 10) 
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APPENDIX B: DATA COLLECTION INTRODUCTION 
LETTER 

 

Dear Owner/Manager: 

Your facility has been randomly selected as part of a nationwide research project 
designed to assess food preparation procedures and practices specific to the various 
segments of the retail food industry. The U.S. Food and Drug Administration (FDA) will 
use this research for identifying best practices within the industry and directing limited 
resources to areas that will provide the most significant public health benefits. 

This is not a regulatory visit. Your participation is voluntary. No inspection report will be 
left with your facility. This is a research project designed to focus on the implementation 
of food safety procedures and practices within the retail food industry that are designed 
to protect the public health. The expected length of the data collection will be 90-120 
minutes. Approximate 30 minutes of the data collection will focus on obtaining 
information on the nature of your operation. 

Should an observation be made of a food safety procedure or practice that poses a 
significant public health risk, every effort will be made to work with you to ensure that 
the appropriate corrective action is taken to alleviate the hazard. Should a situation 
arise where a significant public health risk cannot be resolved during the data collection, 
the regulatory authority that has issued your permit will be contacted to work with you to 
ensure corrective action is taken. 

An exit briefing will be provided at the end of the visit to discuss significant findings that 
may assist you in enhancing the effectiveness of your food safety system. If significant 
food safety issues are identified, they will be brought to the attention of the person in 
charge or responsible employee to determine the appropriate corrective action based 
on the current FDA Food Code. Your questions regarding the data collection process or 
food safety issues in general are encouraged as part of the visit to your facility. 

Your facility’s name will not appear on any reports or public documents. The research 
project is designed to protect the privacy of participating establishments to the extent 
the law permits. The data collected is tabulated using broad industry segments and is 
not associated with any specific establishment. 

FDA is responsible for providing technical assistance to approximately 75 state and 
territorial agencies and more than 2,300 local departments that assume primary 
responsibility for working with the industry on preventing foodborne illnesses. Beginning 
in 1998, FDA began collecting data related to direct observations made of food safety 
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practices within institutional food service, restaurant, and retail food segments of the 
industry. From the data collected, FDA provides guidance to regulatory and industry 
food safety professionals to assist them in addressing food safety issues that have the 
most significant impact on protecting the public health. 

FDA’s previous research studies can be accessed and downloaded from the following 
web link: 

http://www.fda.gov/Food/GuidanceRegulation/RetailFoodProtection/FoodborneIllnessRiskFactorReduction/default.htm 

Public Reporting burden of this collection of information is estimated to average 73 
minutes per response for the person in charge of a fast food restaurant, 106 minutes for 
the person of charge of a full-service restaurant, and 30 minutes for the program 
director (or designated individual) of the regulatory authority. This includes the time for 
reviewing instructions, searching existing data sources, gathering and maintaining the 
data needed, and completing and reviewing the collection of information. An agency 
may not conduct or sponsor, and a person is not required to respond to a collection of 
information unless it displays a currently valid OMB control number. Send comments 
regarding this burden estimate or any other aspect of this collection of information, 
including suggestions for reducing this burden to: FDA PRA Staff, Office of Operations, 
Food and Drug Administration, 1350 Piccard Dr., P150-400B, Rockville, MD 20850. 
PRAStaff@fda.hhs.gov. OMB Control #0910-0744. Expires August 13, 2015. 

Thank you for your willingness to cooperate in this important endeavor. It is through this 
type of cooperative effort that government and the food service industry seek to provide 
safe and wholesome food to the consuming public. 

In the future, should you have any questions regarding this study or other food safety 
issues, please do not hesitate to contact me. 

Sincerely, 

http://www.fda.gov/Food/GuidanceRegulation/RetailFoodProtection/FoodborneIllnessRiskFactorReduction/default.htm
mailto:PRAStaff@fda.hhs.gov
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APPENDIX C: LIMITATIONS 
 

Field Operations  

The restaurant industry is dynamic. There is no set pattern of operation within a 
restaurant upon which a data collection protocol can be established that will ensure an 
opportunity to observe all food safety practices and employee behaviors covered in this 
study. Establishment type, the season of the year, the time of day, and the length of 
time available for each data collection are some of the factors that impacted direct 
observations of food safety practices within restaurants. As an example, cooling foods 
requires a significant period of time to conduct a quantitative assessment of multiple 
temperature measurements to determine if the rate of cooling will conform to Food 
Code time/temperature critical limits. Reheating foods (captured under the foodborne 
illness risk factor of inadequate cooking) is often one of the first thermal processes 
conducted in a restaurant as part of its pre-opening procedures. The timing of the data 
collection visit and the availability of cooked foods reheating to required temperatures 
are elements that influenced the specialist’s ability to observe this data item. 

A sufficient number of observations must be obtained based on the sample size to draw 
statistically significant conclusions. FDA attempted to achieve this balance in the current 
design of the study by focusing the statistical analysis on 10 primary data items that had 
a high likelihood of being observed during the data collections and have been 
epidemiologically linked to foodborne illness outbreaks. 

Focusing on the primary 10 data items during this restaurant data collection period 
reduced the variations in observations of data items that occurred during the previous 
study. Of the 10 primary data items, two were more difficult to observe (occurred less 
frequently at the time of data collection) than the others: 

• Data Item # 7 – Foods are properly cooled 

• Data Item # 10 – Cooked foods are reheated to required temperatures 

Study Design 

Sample Design 

Twenty-two FDA specialists conducted the data collections at restaurant facilities. 
The specialists are geographically dispersed throughout the United States. The 
geographic distribution of specialists throughout the U.S. allows for a broad sampling 
of establishments in all regions of the U.S.; therefore, establishments were randomly 
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selected to participate in the study from among all eligible establishments located 
within a 150-mile radius of each specialist’s home location. 

The total number of establishments in the country is approximately 472,243 and the 
total number within the sampling zones is 295,003. Roughly 62% of all 
establishments in the restaurant segment were eligible for selection. 

The current picture of compliance with the risk factors reflects the entire U.S. only to 
the extent that the facilities in the sampling zones are representative of the overall 
industry. 

The data used in the selection process were purchased from the Environmental 
Systems Research Institute (ESRI), Inc. The restaurant data are part of ESRI’s USA 
Business Locations and Business Summary. This dataset is updated annually, with 
the latest version updated in July 2012. The data are stored as a GeoDataBase, 
which is a collection of geographic datasets of various types held in a common file 
system folder, a Microsoft Access database, or a multi-user relational database 
management system. 

ESRI and its partner, Infogroup, reference several sources, including directory listings 
such as the Yellow Pages and business white pages; annual reports; 10Ks and 
Securities and Exchange Commission (SEC) information; federal, state, and 
municipal government data; business magazines; newsletters and newspapers; and 
information from the U.S. Postal Service. To ensure accurate and complete 
information, Infogroup conducts annual telephone verifications with each business 
listed in the database. 

For restaurant data, ESRI used Infogroup’s proprietary six-digit Standards Industrial 
Classification (SIC) and eight-digit North American Industry Classification System 
(NAICS) industry codes and a special industry code for some restaurants. It 
represented comprehensive restaurant records based on a single restaurant per 
location. 

Restaurant addresses are geocoded to assign latitude and longitude coordinates to 
each restaurant site. The quality of the local address system varies; address 
matching is better in urban areas that use street-level address systems than in rural 
areas that might not. Restaurants that cannot be assigned to a census block group 
are assigned to a census tract or county. The geographic codes were used to perform 
spatial sampling for the risk factor study. 

The geographical distribution of specialists throughout the country, especially in 
relatively high-density population centers, allowed for a broad sampling throughout all 
regions of the U.S. The choice of data collection locations was based on the 
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specialists’ geographical areas of responsibility and provided a reasonably 
convenient design for estimating national risk-related behaviors and practices. 

This project was designed to examine patterns of the occurrence of foodborne illness 
risk factors within the restaurant industry using multiple data collection periods. The 
way the samples were selected and the size of the dataset do not support 
comparisons of individual specialists’ geographical areas, states, cities, or even 
regions of the U.S. 

In addition, the project is not designed to support comparisons of different chains of 
restaurants. There is no statistical justification for examining reduced sets of results 
particular to, for example, two chains of restaurants, and drawing conclusions from 
the differences. 

Comparing Data over Time 

The total number of observations for each data item is likely to change from one data 
collection period to another. Variation in the number of observations can make it 
difficult to draw statistical conclusions between any two data collection periods. 
Changes in the number of observations of data items may be attributed to the following: 

• Sample variations 

• Changes in industry practices 

Sampling Variations 

The frequency at which a data item can be observed during each data collection 
period may change due to sampling establishments within the same facility type 
that have different food products and procedures. 

FDA tracked the actual time spent to complete data collection at each restaurant. The 
average time to complete data collection in fast food and full-service restaurants was 82 
and 104 minutes, respectively. Travel time to and from the restaurant location and off-
site data entry were not included as part of this FDA time assessment. 

Changes in Industry Practices 

If changes in an industry practice result in more inspectors marking “not applicable” 
(NA) rather than “in” or “out-of-compliance,” there may be a change in the total 
number of observations for a given data item from one data collection period to the 
next. This may result in a corresponding change in the relative weight of that data 
item in the compliance percentage for the relevant risk factor. 

For example, if numerous establishments have shifted from using raw shell eggs to 
using pasteurized egg products, the number of observations related to inadequate 
cooking will decrease from one data collection period to the next. Therefore, a lower 
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out-of-compliance percentage for the inadequate cooking risk factor may not be 
reported, even though the new industry practice represents improved active 
managerial control. 
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APPENDIX D: DATA COLLECTION CYCLE FOR THE 
RESTAURANT INDUSTRY 

 

To assess trends over time three data points, at a minimum, are required for statistical 
purposes. The data from this report and two restaurant data collection periods in 2017 
and 2021 will be used to determine trends in the occurrence of risk factors over the 10-
year study period. 

The initial restaurant data collection period began in November 2013 and was 
completed in early October 2014. This report highlights the statistically significant 
findings from that data collection period. Table 28 provides a summary of the 10-year 
study time frames for the restaurant data collection periods. 
 

Table 28 Summary of Data Collection Time Frames for the Restaurant Industry 

Industry 
Segment 

Facility 
Type 

Initial Data 
Collection Period 

(Baseline 
Measurement) 

2ND Data 
Collection Period 

3RD Data 
Collection Period 

Restaurants 

Full-service 
Restaurants 

and 
Fast Food 

Restaurants 

Nov. 15, 2013 
to 

Sept. 30, 2014 

Oct. 1, 2017 
to 

Sept. 30, 2018 

Oct. 1, 2021 
to 

Sept. 30, 2022 
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APPENDIX E: SUPPLEMENTAL STATISTICAL 
ANALYSIS 

 

The Biostatistics and Bioinformatics Staff has analyzed the data from the Foodborne 
Illness Risk Factors Study utilizing a main effects multi-factor ANOVA. We found that 
the primary factor associated with improved compliance is Food Safety Management 
Systems (PTM) for both Full- Service and Fast Food establishments. In the analysis of 
Fast Food restaurants, the factor Multi-Unit was also predictive of the out-of-compliance 
rate. In the Full-service analysis, there were statistically significant main effect P-values 
in the model for PTM, Risk category, Enrolled in program standards, Jurisdiction 
requires grading and Jurisdiction requires food handler card. 

Reasons for performing the regression analysis: 

Many factors were measured in the Foodborne Risk Factors Study and several have 
statistically significant (p<0.05) pairwise correlations with each other as seen in tables 
20 and 21, page 33-34 of the study. The purpose of the ANOVA is to determine whether 
a factor has remaining or additional explanatory power or association with the response 
of interest, in this case compliance status, when other predictor variables are also 
included in the model. The goal is to identify potentially spurious correlations. In our 
regression analysis, we want to determine which variables are predictive of improved 
compliance when the set of correlated predictors are in the model. If a pairwise 
correlation becomes non-significant in the ANOVA model, we say the pair-wise 
correlation is explained by other predictors and may be spurious. 

Parameter analysis: 

There are several variables that may affect the response variable “number of primary 
data items out of compliance”. The multi-factor ANOVA model was run in JMP, Version 
12 with all the variables and then each variable was removed from the full model in 
order to assess the effect on the change in model R-squared upon removal. The R-
squared represents the amount of variance in the response variable that is explained by 
the model. If there is minimal change in the model R-square upon removal of a 
predictor, it means that the correlation between the response and the variable can be 
explained by other variables in the model. If there is a significant reduction in R-squared 
upon removal, it indicates that the predictor in question has statistical explanatory power 
that is not explained by the other variables. We also report the P-values of the F 
statistic. P-values greater than 0.05 are not generally considered to be statistically 
significant. The data from Full-service and Fast Food restaurants were analyzed 
separately. 
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Table 29 Fast Food Restaurants multi-factor ANOVA  

 

For fast food restaurants removing only the variable “Management systems (PTM) 
(FSMS)” from the model resulted in a reduction of R-square of 19.46%. Removing only 
the variable “multiple-unit” resulted in a 17.12% reduction in R-squared. The removal of 
any of the other variables from the model had a negligible effect on the R-square. 
Removing both “PTM (FSMS)” and “multiple-unit” resulted in a 67.83% reduction in R-
squared. 

The average out of compliance for establishments with nonexistent management 
systems was 4.48 primary data items out of compliance while those with well-developed 
and documented managements systems had 1.70 primary data out of compliance. In 
this analysis, only the predictors Management systems (PTM) and Multiple-unit had 
statistically significant effects on the model predictions, with both significant at the 
p<0.0001 level. 

  

Fast Food 
Model R-
square 

Reduction 
in R-

Square 

% R-
square 

reduction 
Prob > 

F 
Model with all parameters 0.228932    

Management systems 
(PTM)(FSMS) 0.184372 0.044560 19.46% <0.0001 
Multiple-Unit 0.189742 0.039190 17.12% <0.0001 
Risk category 0.221951 0.006981 3.05% 0.1620 

Certified Manager(CFPM) 0.226928 0.002004 0.88% 0.7892 
Enrolled in program standards 0.224659 0.004273 1.87% 0.1354 

Jurisdiction requires CFPM 0.226494 0.002438 1.06% 0.2591 
Jurisdiction requires grading 0.223994 0.004938 2.16% 0.1085 

Jurisdiction requires reporting 0.227919 0.001013 0.44% 0.4668 
Jurisdiction requires food handler 

card 0.228899 0.000033 0.01% 0.8964 
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Table 30 Full-service restaurants multi-factor ANOVA 

Full-service 
Model R-
square 

Reduction 
in R-

Square 

% R-
square 

reduction 
Prob > 

F 
Model with all parameters 0.221845    

Management systems 
(PTM)(FSMS) 0.113826 0.108019 48.69% <0.0001 
Multiple-Unit 0.221720 0.000125 0.06% 0.8044 
Risk category 0.206260 0.015585 7.03% 0.0096 

Certified Manager (CFPM) 0.209423 0.012422 5.60% 0.1096 
Enrolled in program standards 0.213041 0.008804 3.97% 0.0385 

Jurisdiction requires CFPM 0.219152 0.002693 1.21% 0.2516 
Jurisdiction requires grading 0.207173 0.014672 6.61% 0.0077 

Jurisdiction requires reporting 0.221249 0.000596 0.27% 0.5894 
Jurisdiction requires food 

handler card 0.211421 0.010424 4.70% 0.0244 
 

In the Full-service restaurants the removal of the variable “Management systems (PTM) 
(FMSM)” resulted in a 48.69% reduction in the R-squared. The removal of any of the 
other variables had a negligible effect on the R-squared. 

The average out of compliance for establishments with nonexistent Food safety 
management systems was 5.84 primary data items out of compliance while those with 
well-developed and documented managements systems had 2.09 primary data out of 
compliance.   

Effect of Certified food protection managers (CFPM) on Food safely management 
systems (FSMS): 

It is important to note that CFPM category does not have a statistically significant effect 
on the number of data items out of compliance when FSMS is included in the model. 
However there is evidence to suggest that the presence of a certified manager is 
correlated with improved management systems: 

Fast Food restaurants: 

There is a relationship between the Certified manager status and the Management 
systems (PTM)(FSMS). Facilities that had either a certified manager present or a 
certified manager who was the person in charge (PIC) at the time of inspection had a far 
higher percentage of well developed or better management systems than those that had 
no certified manager present at the time of inspection. Facilities that had a certified 
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manager present or in charge had almost half of the establishments with well developed 
or better management systems (PTM) while those that did not had far less.  

 

 

Full-service Restaurants: 

There is a relationship between the certified manager status and the management 
systems (PTM) (FSMS). Facilities that had a certified manager present or in charge had 
a far higher percentage of well developed or better management systems than those 
that had no certified manager present at the time of inspection. 

 

  

Fast Food Management systems (PTM)

Non-Existent Underdeveloped Well developed
Well developed and 

documented
Certified Manager = Employed 16.98% 50.94% 26.42% 5.66%

Certified Manager = None 24.05% 64.56% 10.13% 1.27%
Certified Manager = PIC 9.96% 42.80% 33.95% 13.28%

Certified Manager = Present 6.25% 43.75% 31.25% 18.75%

Full Service Management systems (PTM)

Non-Existent Underdeveloped Well developed
Well developed and 

documented
Certified Manager = Employed 42.22% 55.56% 2.22% 0.00%

Certified Manager = None 41.58% 58.42% 0.00% 0.00%
Certified Manager = PIC 25.22% 61.30% 8.70% 4.78%

Certified Manager = Present 25.00% 60.00% 15.00% 0.00%
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This plot of mean out of compliance by PTM (FSMS) and Certified manager level shows 
the relationship between food safety management systems, certified manager status 
and compliance. For both fast food and full-service restaurants the out of compliance 
decreases as the management systems improve. Most establishments in the study had 
certified mangers in charge at the time of inspection. These are represented in blue and 
contain the most area in the plot. Most of the establishments in both fast food and Full-
service restaurants that had well developed or well developed and documented 
management systems had a certified manager who was the person in charge (PIC) at 
the time of inspection.  

 
Figure 2 Bubble Plot of Mean Out of Compliance by Food Safety Management System 

An analysis of LS-means for fast food and full-service restaurants describes the 
quantitative effect size for PTM and for Certified manager level, adjusting for the other 
model parameters.  Factors sharing a letter are not statistically different. The largest 
difference of 3.55 out of compliance units came between “Non-existent” and “Well 
developed and documented” PTM in the Full-service group. The only statistically 
significant difference for Certified Manager was in Full-service between “None” and 
“Present.” 
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In order to focus on the relationship between the Certified Manager factor and the PTM, 
three separate ANOVAs were run for both Full-service and Fast Food restaurants with 
PTM alone, PTM + Certified Manager Employed and PTM + Certified Manager Present. 
The results are shown in Tables 31 and 32 . For the full-service restaurant analysis, the 
PTM Management system factor explains about 20.7 % of the variance, r-
square=0.2069, and the p-value for the PTM is p< 0.0001 so it is highly statistically 
significant regardless of the presence of the Certified Manager Employed or the 
Certified Manager Present being added to the model. On the other hand, adding the 
Certified Manager Present or Certified Manager Employed to the model improves the r-
square minimally, and the test of significance of both factors are 0.09 fails to achieve 
statistical significance, which, where the standard threshold level is p < 0.05.  In the 
case of the Fast Food, the PTM is always highly significant at p < 0.0001, while the 
Certified Manager Present or Certified Manager Employed are highly nonsignificant at 
p=0.95 and p=0.77 respectively. 

  

PTM Management Level LS Mean Out of Compliance

Fast Food Non-Existent A 3.92
Underdeveloped AB 3.44
Well-developed    BC 2.92
Well developed and documented       C 2.16

Full Service Non-Existent A 4.68
Underdeveloped     B 3.97
Well-developed         C 2.37
Well developed and documented         C 1.13

Certified Manager Level LS Mean Out of Compliance

Fast Food None A 3.3
Employed A 3.15
PIC A 3.07
Present A 2.92

Full Service None A 3.42
Employed A B 3.2
PIC A B 2.77
Present      B 2.76
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Table 31 ANOVA by Food Safety Management System: Full-service Restaurant 

Model Factor P-value R-square 
PTM(FSMS), Certified Manager 

Employed PTM(FSMS) 0.0001 0.2125 

  
CFPM 

employed 0.09 (NS)   
PTM(FSMS), Certified Manager 

Present PTM(FSMS) 0.0001 0.2127 
  CFPM Present 0.09 (NS)   

PTM (FSMS) only PTM(FSMS) 0.0001 0.2069 
 

Table 32 ANOVA by Food Safety Management System: Fast Food Restaurant 

Model Factor P-value R-square 
PTM(FSMS), Certified Manager 

Employed PTM (FSMS) 0.0001 0.178 

  
CFPM 

employed 0.77 (NS)   
PTM (FSMS), Certified Manager 

Present PTM (FSMS) 0.0001 0.1781 
  CFPM Present 0.95 (NS)   

PTM (FSMS) only PTM(FSMS 0.0001 0.178 
 

These results, along with the full model and the bubble plots clearly demonstrate that 
there is a very strong association between Management Systems and In-compliance in 
this survey. The correlations seen with Certified Manager effects and compliance are 
explained by the fact that restaurants with good management systems are also more 
likely to employ Certified Managers or have them present at the time of inspection. 

 

 

 
 
 
 

  



 

74 

 

 
ACRONYMS/ABBREVIATIONS 

 
The following table describes the acronyms and abbreviations used throughout this 
report. 
 

Table 33  Acronyms and Abbreviations 

Acronym Meaning 

AMC active managerial control  

BRC British Retail Consortium  

CDC Centers for Disease Control and Prevention  

CFPM certified food protection manager  

CFSAN Center for Food Safety and Applied Nutrition 

FDA U.S. Food and Drug Administration  

FSMS food safety management system  

GMP good manufacturing practices  

HACCP hazard analysis and critical control points  

NRA National Restaurant Association 

SQF Safe Quality Food Institute 

PTM Procedures, Training and Monitoring 

VNRFRPS Voluntary National Retail Food Regulatory Program Standards 
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ABSTRACT

Hands can be a vector for transmitting pathogenic microorganisms to foodstuffs and drinks, and to the mouths of susceptible

hosts. Hand washing is the primary barrier to prevent transmission of enteric pathogens via cross-contamination from infected

persons. Conventional hand washing involves the use of water, soap, and friction to remove dirt and microorganisms. The

availability of hand sanitizing products for use when water and soap are unavailable has increased in recent years. The aim of this

systematic review was to collate scientific information on the efficacy of hand sanitizers compared with washing hands with soap

and water for the removal of foodborne pathogens from the hands of food handlers. An extensive literature search was carried out

using three electronic databases: Web of Science, Scopus, and PubMed. Twenty-eight scientific publications were ultimately

included in the review. Analysis of this literature revealed various limitations in the scientific information owing to the absence of

a standardized protocol for evaluating the efficacy of hand products and variation in experimental conditions. However, despite

conflicting results, scientific evidence seems to support the historical skepticism about the use of waterless hand sanitizers in food

preparation settings. Water and soap appear to be more effective than waterless products for removal of soil and microorganisms

from hands. Alcohol-based products achieve rapid and effective inactivation of various bacteria, but their efficacy is generally

lower against nonenveloped viruses. The presence of food debris significantly affects the microbial inactivation rate of hand

sanitizers.

Key words: Foodborne pathogens; Food settings; Hand sanitizers; Hand washing; Soiled hands

Foodborne diseases caused by consumption of contam-

inated food and beverages are considered some of the most

common human diseases around the world (41). Norovirus,

nontyphoidal Salmonella, Listeria monocytogenes, Clostrid-
ium perfringens, Campylobacter spp., and Toxoplasma
gondii are the foodborne pathogens most commonly

reported in the United States, causing 9.4 million episodes

of foodborne illness, 55,961 hospitalizations, and 1,351

deaths per year (49). In the United Kingdom, the Food

Standards Agency (23) estimated that more than 500,000

cases of food poisoning occur each year. These cases are

caused by infections with Campylobacter spp., which is

responsible for about 280,000 cases each year, C. perfrin-
gens, with about 80,000 cases, norovirus, with about 74,000

cases, and Salmonella, with the highest number of

hospitalizations, about 2,500 each year. More than

320,000 cases of foodborne zoonotic disease are annually

reported in the European Union. The most common

microorganisms causing foodborne diseases in this region

are Campylobacter spp., Salmonella, and viruses such as

hepatitis A virus (HAV) and norovirus (17). Among 31

microorganisms causing foodborne diseases, five foodborne

pathogens, known as the ‘‘top five,’’ have been identified by

food safety experts as highly infective agents that can easily

be transmitted by infected food handlers and can cause

severe illness. These top five foodborne pathogens are

norovirus, Salmonella Typhi (typhoid-like fever), Esche-
richia coli O157:H7 or other enterohemorrhagic and Shiga

toxin–producing E. coli strains, Shigella spp., and HAV

(58). Greig et al. (26) reviewed 816 reports of foodborne

outbreaks from the United States, Canada, Europe, and

Australia and identified 14 agents responsible for most of

outbreaks in which food workers were implicated. The 14

main agents included norovirus (or probable norovirus),

Salmonella enterica, HAV, Staphylococcus aureus, Shigella
spp., Streptococcus Lancefield A and G, and parasites such

as Cyclospora, Giardia, and Cryptosporidium.

Pathogenic microorganisms in food can originate in the

food itself or its source, such as the growing, harvesting, or

processing environment, or can be introduced into the food

through cross-contamination and infected food handlers. In

industrialized countries, infected food handlers have been

identified as an important cause of foodborne illness (4, 27,
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29). Up to one-third of outbreaks in Ireland (4) and 12% of

outbreaks in the United Kingdom (19) are estimated to be

caused by infected employees. In another study of foodborne

illness outbreaks in restaurants in the United States, food

handling by infected workers was identified as the main

factor contributing to around two-thirds (65%) of foodborne

illness outbreaks (29). Food service facilities, including

restaurants and catered events, are the settings where most

food worker associated–outbreaks originate (52), and

contact with bare hands and failure to properly wash hands

were the most frequently reported factors contributing to

outbreaks (53). Thus, good personal hygiene and safe food

handling practices are essential for preventing foodborne

illnesses.

Hand hygiene through hand washing is the most

important practice for preventing the spread of pathogens

(6). Hand washing with water and soap is generally

considered the ‘‘gold standard’’ method for removing dirt

and transient microorganisms from hands. Plain soaps have

minimal or no antimicrobial activity against bacteria and

viruses, but their surfactant action combined with friction

and final rinsing under water can effectively remove dirt,

soil, and microbes from the outer layer of hand skin (35, 61).
Over the past two decades, increasing interest has been

focused on the use of hand cleansing products with

antimicrobial activity, such as antimicrobial soaps or instant

hand sanitizers, including both alcohol-based and alcohol-

free preparations.

Antimicrobial soaps are preparations containing both a

detergent and antiseptics or disinfectants with antibacterial

activity, such as triclosan, chlorhexidine gluconate (CHG),

and para-chloro-meta-xylenol (PCMX). Antimicrobial soaps

are effective against gram-positive microorganisms, have

moderate activity against viruses and tubercle bacilli, but are

less effective against gram-negative microorganisms (30,
35).

Alcohol-based hand sanitizers and alcohol-based hand

rubs (ABHRs) are instant hand hygiene products; their

antimicrobial activity is due to the ability of alcohol to

denature protein. These products usually contain 60 to 95%

alcohol plus a thickening agent or humectant such as

polyacrylic acid, glycerin, or propylene glycol to decrease

the drying effect of the alcohol. ABHRs have documented

microbiological activity against bacteria (21, 47), fungi, and

some enveloped viruses such as human immunodeficiency

virus, herpesvirus, adenovirus, and influenza and parainflu-

enza viruses (20). Lower efficacy against nonenveloped

(‘‘naked’’) viruses has been reported, and the level of

inactivation seems to differ depending on the viruses tested,

alcohol type, alcohol concentration, and time of exposure

(12, 20, 21, 25, 28, 45, 46, 48).
Another group of instant hand products, the alcohol-free

hand sanitizers such as compounds based on povidone-

iodine, triclosan, or quaternary ammonium, has also

attracted growing interest. Despite being historically recog-

nized as less effective than ABHRs, more recent formula-

tions prepared with benzalkonium chloride (BZK) have

many advantages over ABHRs, including residual antimi-

crobial activity after use, less drying effect on hand skin, and

stable efficacy after repeated use (13).

Use of waterless hand sanitizers as an alternative to

conventional hand washing has long been debated. Despite

some potential advantages over conventional water and soap

(quicker and easier usage), instant hand products are

generally considered to more effectively meet needs in

hospital and health care settings rather than food preparation

settings. ABHRs containing 60 to 95% alcohol are

recommended as an alternative to hand washing in hospital

and health care settings when hands are not visibly soiled

(5). In contrast, use of these alternatives has been not been

recommended in food establishments because of the

inability of these products to remove fat and food debris

from soiled hands (57). To date, little research has been

conducted to examine the efficacy of hand disinfectants

against transient microorganisms normally occurring on

food workers’ hands during food preparation. The present

systematic review was conducted to examine the perfor-

mance of various hand hygiene products against foodborne

pathogens in food preparation settings.

MATERIALS AND METHODS

An extensive literature review was conducted in November

2014 using the electronic databases Web of Science, Scopus, and

PubMed. The search was limited to articles published in English

from 1990 to 2014. Search terms used were ‘‘efficacy of hand

washing,’’ ‘‘efficacy of hand sanitizers,’’ ‘‘evaluation of hand

sanitisers,’’ and ‘‘effect of hand hygiene products.’’

Three preliminary criteria were adopted to select journal

articles. Only articles that described levels of inactivation of

foodborne pathogens (the actual pathogens, not surrogates),

included a research approach with quantitative outcomes, and

described studies undertaken in industrialized countries were

included in this study. In contrast, all book chapters, studies

carried out on microorganisms not involved in foodborne illness,

and studies involving inactivation of foodborne microorganisms

from raw food or food contact surfaces were excluded before

analysis, based on the title and the abstract.

Once preliminary results matching search terms were

obtained, data were extracted in three steps: duplicate articles

were identified and removed, remaining titles and abstracts were

screened for eligibility against inclusion criteria, and full text

articles were retrieved and assessed in terms of their study design

and scientific approach. All articles identified were then critically

reviewed and included as appropriate to provide an overview of the

topic.

RESULTS

Of the 2,108 records originally matching the search

terms, 38 journal article abstracts were preliminarily

screened for eligibility after duplicates were removed.

Subsequent analysis of the full text of these articles

permitted selection of the 28 articles included in this review

(Table 1). Among the selected studies testing hand washing

products against foodborne pathogens, 10 provided infor-

mation on norovirus, 3 on HAV, 2 on L. monocytogenes, 14

on E. coli, 8 on S. aureus, and 1 on Salmonella. No scientific

information was found for other pathogenic bacteria such as

Campylobacter spp. and Bacillus cereus.

In addition to conventional water and soap or water

only, products more generally tested against pathogenic

bacteria and viruses included antibacterial liquid soaps,
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alcohol-based hand sanitizers, and non–alcohol-based san-

itizers such as those containing triclosan, CHG, povidone-

iodine, and quaternary ammonium, i.e., BZK or benzetho-

nium chloride (BZT), 5-pyrrolidone-2-carboxylic acid

(PCA), and copper sulfate pentahydrate (CS). Hand washing

practices considered included use of soap and nailbrush (36),
wash-sanitize consisting of using hand sanitizers after hand

washing with water and soap (7, 16, 43), and a new

trademarked hand hygiene regime SaniTwice (James Mann,

Handwashing for Life, Libertyville, IL) consisting of a two

steps: application of an excess of alcohol-based sanitizer

with hand rubbing, wiping hands with a paper towel, and

final application of alcohol-based sanitizer (15).
The relative efficacy of products was generally tested in

vitro, ex vivo, and/or in vivo. Most of the in vitro studies

involved experiments carried out using a suspension assay

consisting of a standardized quantity of the target microor-

ganism treated with increasing concentrations of the test

product, with the aim of estimating the inactivation rate for

each product (1, 10, 14, 20, 21, 24, 25, 42, 50, 51). In one in

vitro study, inactivation rates of tested products were

evaluated on latex gloves immersed in a solution of

phosphate-buffered saline (PBS) or crab cooking water

artificially contaminated with L. monocytogenes at 5 log

CFU/ml (40). Ex vivo tests included experiments carried out

on skin from a freshly killed pig (the pig skin method). The

skin was treated with sanitizing products and then artificially

contaminated with challenge microorganisms to test residual

activity of tested products after use (9, 24, 31, 50). In vivo

studies involved experiments carried out with selected

human volunteers to estimate the efficacy of each tested

product to remove or inactivate target microorganisms from

artificially contaminated whole hands, finger pads, or gloves.

The vast majority of published in vivo studies were carried

out on hands or finger pads artificially contaminated with

pure cultures of bacteria or viruses without the presence of

food components or organic material (9, 14, 22, 25, 33, 34,
37, 39, 43, 51). In seven studies, the efficacy of hand

washing products was evaluated in a food preparation

setting with naturally and artificially soiled hands or gloves

(7, 8, 15, 16, 36, 40, 44). In three studies, inactivation rates

of products was evaluated on hands contaminated with virus

suspensions prepared with other organic loads such as fetal

bovine serum or feces (16, 32, 36). Other factors pertaining

to food preparation settings such as hygiene of nails (36) and

wearing rings when handling food have also been

considered (60). A summary of the experimental conditions

applied and main findings from in vitro, ex vivo. and in vivo

evaluations in all studies included in this review is provided

in Table 2. Information relating to specific pathogens is

summarized below.

Norovirus. Because human norovirus (HuNoV) cannot

be routinely cultured in vitro, determining the effectiveness

of sanitizers and disinfectants against HuNoV is difficult.

Methodologies used to estimate the level of virus reduction

include the use of reverse transcription quantitative real-time

PCR (RT-qPCR) to quantify the number of RNA copies of

HuNoV extracted and purified from tested samples (37, 38,
42) and the use of cultivable surrogates such as feline

calicivirus (FCV) and murine norovirus (MNV). Norovirus

surrogates were generally tested alone as an alternative to

HuNoV (9, 16, 25, 32, 34, 36, 51) or in parallel with HuNoV

(42).
Liu et al. (38) compared the efficacy of an antibacterial

soap, alcohol-based sanitizer containing 62% ethyl alcohol,

and water rinsing for the removal of HuNoV from artificially

contaminated finger pads. Ethanol-based hand sanitizer was

the least effective hand product tested (0.34 6 0.22-log

reduction). The greatest reduction was observed for water

rinse only (1.38 6 0.49-log reduction) and antibacterial

soap (1.1 6 0.49-log reduction). In a separate study, Liu et

al. (37) tested various commercially available hand hygiene

products containing 62 to 95% alcohol against multiple

HuNoV strains on finger pads. The results revealed a wide

range of efficacy (0.10- to 3.74-log reduction), depending on

the product and strain tested. The highest level of RNA

reduction was achieved by a 70% ethanol gel containing

additional ingredients that seem to potentiate the virucidal

activity of the alcohol. A limitation of the study reported by

the authors was the presence in the test products of PCR

inhibitors that may have affected amplification and led to an

overestimate of virus reduction.

In eight studies, the efficacy of hand sanitizers was

evaluated against FCV and MNV. Experimental methods

used to estimate virus inactivation included a virus-specific

cytopathic effect test consisting of culturing posttreatment

samples on a serial dilution of permissive host cells (9, 16,
25, 32, 34, 36, 51) and a plaque assay test in parallel with a

TaqMan RT-qPCR assay (42). Park et al. (42) evaluated in

vitro virucidal efficacy of seven hand sanitizers containing

ethanol, triclosan, and chlorhexidine against both norovirus

surrogates (i.e., FCV and MNV) and HuNoV. None of the

products achieved significant RNA reduction when tested

TABLE 1. Number of scientific publications retrieved from three electronic databases

Search Web of Science Scopus PubMed Total

‘‘Efficacy of hand washing’’ search term 351 690 456 1,497

‘‘Efficacy of hand sanitizers’’ search term 63 62 23 148

‘‘Evaluation of hand sanitisers’’ search term 28 30 2 60

‘‘Effect of hand hygiene products’’ search term 166 160 77 403

No. of unique articles retrieved 21 10 7 38

No. of articles excludeda 4 4 3 10

No. of articles reviewed 17 6 5 28

a Of the excluded articles, three were review articles and seven did not meet inclusion criteria.
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TABLE 2. Summary of results regarding efficacy of hand sanitizers from scientific articles included in this systematic review

Reference Microorganisma Test method

Hand hygiene products

and disinfectantsb
Reduction

observed

Czerwinski and

Cozean (9)
FCV Finger pad Novel alcohol-based antiseptic containing

BZT

3.49 log

Hand sanitizer (62% ethanol) 0.14 log

Hand washing with antibacterial soap 0.67 log

Water rinse 1.09 log

Pig skin method Novel alcohol-based antiseptic containing

BZT

E. coli 2 min postapplication 1.65 log

1 h postapplication 1.34 log

4 h postapplication 1.15 log

S. aureus 2 min postapplication Novel alcohol-based antiseptic containing

BZT

1.87 log

1 h postapplication 2.14 log

4 h postapplication 1.62 log

Edmonds et al.

(16)
E. coli Moderate food soil load Nonantimicrobial hand wash 3.10 6 0.61 log

PCMX hand wash 3.56 6 0.64 log

WS (nonantimicrobial hand wash þ 62%

ethanol foam)

3.81 6 0.89 log

WS (PCMX hand wash þ 62% ethanol

foam)

4.16 6 0.91 log

WS (nonantimicrobial hand wash þ 70%

ethanol AF gel)

5.13 6 0.71 log

WS (PCMX hand wash þ 70% ethanol

AF gel)

5.22 6 0.60 log

Heavy food soil load WS (nonantimicrobial hand wash þ 62%

ethanol foam)

4.11 6 0.48 log

WS (triclosan hand wash þ 62% ethanol

foam)

3.97 6 0.45 log

WS (PCMX and wash þ 70% ethanol AF

gel)

4.60 6 0.52 log

WS (triclosan hand wash þ 70% ethanol

AF gel)

4.51 6 0.43 log

MNV Organic soil load (5%

fetal bovine serum)

Nonantimicrobial hand wash 1.79 6 0.29 log

ABHRs (70% ethanol AF gel) 2.60 6 0.41 log

WS (nonantimicrobial hand wash þ 70%

ethanol AF gel)

3.19 6 0.31 log

STW (70% ethanol AF gel) 4.04 6 0.33 log

Gehrke et al.

(25)
FCV Suspension (30-s

exposure)

50% ethanol 2.19 log

70% ethanol 3.55 log

80% ethanol 2.19 log

50% 1-propanol �4.13 log

70% 1-propanol �4.06 log

80% 1-propanol 1.90 log

50% 1-propanol 2.31 log

70% 1-propanol 2.35 log

80% 1-propanol 1.35 log

Finger tips 70% ethanol 3.78 6 0.83 log

90% ethanol 2.84 6 0.64 log

70% 1-propanol 3.58 6 0.92 log

90% 1-propanol 1.38 6 0.33 log

70% 2-propanol 2.15 6 0.50 log

90% 2-propanol 0.76 6 0.19 log

Water 1.23 6 0.44 log

Kampf et al.

(32)
FCV Finger pad Reference alcohols (70% ethanol) 1.45 6 0.41 log

Organic soil (5% fetal

bovine serum)

Sterillium Virugard (95% ethanol) 2.17 6 1.06 log

Sterillium Rub (80% ethanol) 1.25 6 0.28 log

Desderman N (75.1% ethanol) 1.07 6 0.61 log

Lages et al.

(34)
FCV Finger tips (30-s and 2-

min contact periods)

ABHRs (99.5% ethanol) 1.00 (30 s) to 1.30

(2 min) log
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TABLE 2. Continued

Reference Microorganisma Test method

Hand hygiene products

and disinfectantsb
Reduction

observed

Hand sanitizer (62% ethanol) 0.50 (30 s) to 0.55

(2 min) log

Antiseptic (91% isopropanol) 0.00 (30 s) to 0.43

(2 min) log

Antiseptic (70% isopropanol) 0.67 (30 s) to 0.55

(2 min) log

Antiseptic (3% hydrogen peroxide) 0.09 (30 s) to 0.47

(2 min) log

Antiseptic (0.13% BZK þ 2% lidocaine

hydrochloride

0.00 (30 s) to 0.22

(2 min) log

Antiseptic (10% povidone-iodine) 2.67 (30 s) to 2.39

(2 min) log

Antimicrobial soap (0.60% triclosan) 0.25 (30 s) to 0.50

(2 min) log

Antimicrobial soap (0.115% triclosan) 0.42 (30 s) to 0.17

(2 min) log

Water 0.33 (30 s) to 0.42

(2 min) log

Lin et al. (36) FCV Finger tips (artificial

feces)

Tap water 1.22 6 0.86 logc

1.97 6 0.68 logd

Soap 1.89 6 0.31 logc

1.82 6 0.46 logd

Antibacterial soap (triclosan) 1.65 6 0.19 logc

2.26 6 0.42 logd

Hand sanitizers (62% ethanol) 0.43 6 0.47 logc

0.86 6 0.55 logd

Soap plus sanitizer 1.85 6 0.69 logc

2.13 6 0.93 logd

Soap plus nail brush 0.41 6 0.49 logc

2.54 6 0.57 logd

E. coli Finger tips (heavy food

soil load)

Tap water 1.29 6 0.53 logc

1.18 6 0.14 logd

Soap 1.09 6 0.51 logc

1.18 6 0.24 logd

Antibacterial soap (triclosan) 1.26 6 0.47 logc

1.45 6 0.59 logd

Hand sanitizer (62% ethanol) 1.16 6 0.63 logc

1.31 6 0.68 logd

Soap plus sanitizer 1.59 6 0.45 logc

1.85 6 0.84 logd

Soap plus nail brush 2.54 6 0.54 logc

3.07 6 1.18 logd

Liu et al. (38) HuNoV Finger pad Hand sanitizer (62% ethanol) 0.27 6 0.12 loge

0.34 6 0.22 logf

Antibacterial soap (0.5% triclosan) 0.67 6 0.47 loge

1.10 6 0.49 logf

Water rinse 0.58 6 0.37 loge

1.38 6 0.49 logf

Liu et al. (37) HuNoV Finger pad Hand sanitizer (VF481, 70% ethanol) 3.74 6 0.85 log

Hand sanitizer (VF447, 70% ethanol) 2.04 6 0.78 log

Hand sanitizer (Endure 300, 70% ethanol) 1.49 6 0.62 log

Hand sanitizer (Sterillium Virugard, 95%

ethanol)

0.10 6 0.17 log

Hand sanitizer (Germstar Noro, 63%

ethanol)

0.11 6 0.22 log

Hand sanitizer (Anios Gel 85 NPC, 85%

ethanol)

1.27 6 0.22 log

Park et al. (42) HuNoV Suspension (1-min

exposure)

Hand sanitizer (79% ethanol, pH 7.1) 0.1 6 0.2 logg

Hand sanitizer (72% ethanol, pH 4.1) 0.0 6 0.2 logg
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TABLE 2. Continued

Reference Microorganisma Test method

Hand hygiene products

and disinfectantsb
Reduction

observed

Hand sanitizer (72% ethanol, pH 2.9) 0.1 6 0.1 logg

Hand sanitizer (67% ethanol, pH 7.4) 0.2 6 0.2 logg

Hand sanitizer (0.1% triclosan, pH 3.0) 0.0 6 0.3 logg

Hand sanitizer (0.2% triclosan, pH 3.0) 0.0 6 0.1 logg

Hand sanitizer (4% chlorhexidine, pH 5.4) 0.0 6 0.1 logg

MNV Hand sanitizer (79% ethanol, pH 7.1) 3.01 6 0.05 logg

.3.6 logh

Hand sanitizer (72% ethanol, pH 4.1) 0.0 6 0.5 logg

.3.6 logh

Hand sanitizer (72% ethanol, pH 2.9) 0.1 6 0.5 logg

.2.6 logh

Hand sanitizer (67% ethanol, pH 7.4) 1.9 6 0.4 logg

2.0 6 0.2 logh

Hand sanitizer (0.1% triclosan, pH 3.0) 0.4 6 0.3 logg

1.1 6 0.1 logh

Hand sanitizer (0.2% triclosan, pH3.0) 0.0 6 0.2 logg

0.2 6 0.1 logh

Hand sanitizer (4% chlorhexidine, pH 5.4) 0.0 6 0.1 logg

0.0 6 0.3 logh

FCV Hand sanitizer (79% ethanol, pH 7.1) 0.8 6 0.7 logg

0.0 6 0.2 logh

Hand sanitizer (72% ethanol, pH 4.1) 0.7 6 0.9 logg

0.0 6 0.2 logh

Hand sanitizer (72% ethanol, pH 2.9) 0.9 6 0.8 logg

.3.4 logh

Hand sanitizer (67% ethanol, pH 7.4) 0.8 6 0.4 logg

0.4 6 0.2 logh

Hand sanitizer (0.1% triclosan, pH 3.0) 0.0 6 0.7 logg

.3.4 logh

Hand sanitizer (0.2% triclosan, pH 3.0) 0.2 6 0.2 logg

.3.4 logh

Hand sanitizer (4% chlorhexidine, pH 5.4) 0.1 6 0.3 logg

0.0 6 0.2 logh

Steinmann et al.

(51)
FCV Suspension (30s

exposure)

Hand sanitizer (45% ethanol) .5 log

Hand sanitizer (55% ethanol) .5 log

Hand sanitizer (90% ethanol) ,1 log

Antimicrobial liquid soap (1% triclosan) ,1 log

Antimicrobial liquid soap (4%

chlorhexidine)

,1 log

Antimicrobial liquid soap (0.75–0.81%

available iodine)

3 log

MNV Suspension (30-s

exposure)

Hand sanitizer (45% ethanol) 5 log

Hand sanitizer (55% ethanol) .5 log

Hand sanitizer (90% ethanol) .4 log

Antimicrobial liquid soap (1% triclosan) ,1 log

Antimicrobial liquid soap (4%

chlorhexidine)

,1 log

Antimicrobial liquid soap (0.75–0.81%

available iodine)

.2 log

MNV Modified finger pad Hand sanitizer (45% ethanol) 4.25 log

Hand sanitizer (55% ethanol) 3.94 log

Hand sanitizer (90% ethanol) 3.91 log

Antimicrobial liquid soap (1% triclosan) 3.42 log

Antimicrobial liquid soap (4%

chlorhexidine)

0.96 log

Antimicrobial liquid soap (0.75–0.81%

available iodine)

4.62 log

Water 3 log

Mbithi et al.

(39)
HAV Finger pad Alcare (62% emolliented ethanol foam) 89.27% 6 4.38%

Aquaress (nonantimicrobial soap) 77.96% 6 7.17%
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TABLE 2. Continued

Reference Microorganisma Test method

Hand hygiene products

and disinfectantsb
Reduction

observed

Bacti-Stat soap (0.1% CHG, 0.50%

didecyl dimethyl ammonium chloride,

5% isopropanol)

92.04% 6 4.02%

Bioprep hand soap 83.35% 6 2.76%

Dettol (4.8% 4-chloro-3,5-xylenol, 9.4%

isopropanol)

88.63% 6 5.38%

70% ethanol 87.40% 6 4.59%

Savlon (1.5% CHG, 15% cetrimide) 90.91% 6 5.08%

Scrub Stat IV (4% CHG, 4% isopropanol) 89.57% 6 6.70%

Septisol (0.75% hexachlorophene) 88.60% 6 5.36%

Tap water 79.74% 6 4.80%

Triclosan hand soap (0.5% triclosan) 91.29% 6 4.47%

Whole hand Alcare (62% emolliented ethanol foam) 86.17% 6 4.28%

Aquaress (nonantimicrobial soap) 91.39% 6 2.65%

Bacti-Stat soap (0.1% CHG, 0.50%

didecyl dimethyl ammonium chloride,

5% isopropanol)

94.56% 6 5.75%

Bioprep hand soap 81.44% 6 1.59%

Dettol (4.8% 4-chloro-3,5-xylenol, 9.4%

isopropanol)

90.67% 6 2.08%

70% ethanol 86.92% 6 1.63%

Savlon (1.5% CHG, 15% cetrimide) 86.53% 6 3.44%

Scrub Stat IV (4% CHG, 4% isopropanol) 81.15% 6 1.15%

Septisol (0.75% hexachlorophene) 89.20% 6 0.81%

Tap water 81.57% 6 4.55%

Triclosan hand soap (0.5% triclosan) 88.98% 6 1.73%

Fendler and

Groziak (20)
HAV Suspension (30-s

exposure)

Purell instant hand sanitizer (62% ethanol

þ emollients)

1.25 log

McCarthy (40) L. monocytogenes Glove immersion (30 s)

PBS and crab cooking

water (CCW)

50 ppm of chloride (50 ppm of sodium

hypochlorite)

5 (PBS) to 3

(CCW) log

100 ppm of chloride (50 ppm of sodium

hypochlorite)

5 (PBS) to 3

(CCW) log

Zep-I-dine (25 ppm of iodine) 3 (PBS) to 3

(CCW) log

Zepamine A (195 ppm of active

quaternary compounds)

5 (PBS) to .4

(CCW) log

Zep hand sanitizer (62% ethanol) 4 (PBS) to 3

(CCW) log

Ultra Kleen (peroxide-based powder 56 g/

3.8 liters of water)

5 (PBS) to 5

(CCW) log

Edmonds et al.

(15)
E. coli Hand test (moderate food

soil load)

Nonantimicrobial hand wash 2.86 log

STW (62% ethanol gel) 2.84 log

STW (62% ethanol foam) 3.84 log

70% AF foam 4.44 log

STW (70% AF foam) 4.61 log

Hand test (heavy food

soil load)

Nonantimicrobial hand wash 2.65 log

STW (62% ethanol gel) 2.69 log

STW (62% ethanol foam) 2.87 log

70% AF foam 2.99 log

STW (70% AF foam) 3.92 log

Kampf et al.

(33)
E. coli Hand test Purell instant hand sanitizer (62% ethanol) 3.05 6 0.45 log

Alcare Plus (62% ethanol) 3.58 6 0.71 log

Water 2.39 6 0.57 log

Czerwinski et

al. (10)
E. coli Suspension (15 s) Hand sanitizer (Zylast Antiseptic, 76%

ethanol)

.6.14 log (99.9%)

Water-based antiseptic lotion (Zylast

Lotion, 0.2% BZT)

.6.14 log (99.9%)
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TABLE 2. Continued

Reference Microorganisma Test method

Hand hygiene products

and disinfectantsb
Reduction

observed

S. aureus Suspension (15 s) Hand sanitizer (Zylast Antiseptic, 76%

ethanol)

.6.14 log (99.9%)

Water-based antiseptic lotion (Zylast,

0.2% BZT)

4.09 log (99.9%)

Courtenay et al.

(8)
E. coli Hand test (heavy soil

load)

Cool water 94.96%i

40.1%j

Ground beef Warm water 99.78%i

79.7%j

Hand washing with plain soap 99.98%i

91.3%j

Hand test (hands not

soiled)

Hand sanitizer B (62% ethanol þ skin

conditioner)

94.44%i

Hand sanitizer C (62% ethanol þ skin

conditioner)

96.33%i

Hand sanitizer P (62% ethanol þ skin

conditioner)

96.07%i

Hand sanitizer S (62% ethanol þ skin

conditioner)

90.40%i

Fischler et al.

(22)
E. coli Hand test Hand washing with plain soap ,2 log

Antimicrobial soap (0.46% triclosan) .3 log

Gaonkar et al.

(24)
E. coli Suspension (15-s

exposure)

Octoxy hand rub 7 log

Pig skin method (15 min

postapplication)

Hand sanitizer (60% ethanol þ
phenoxyethanol þ BZK)

Residual 4.96 log

Avagards hand sanitizer (61% ethanol þ
CHG)

Residual 5.04 log

Octoxy hand rub Residual 0 log

S. aureus Suspension (15-s

exposure)

Octoxy hand rub 7 log

Pig skin model Hand sanitizer (60% ethanol þ
phenoxyethanol þ BZK)

Residual 5.11 log

15 min postapplication Avagards hand sanitizer (61% ethanol þ
CHG)

Residual 5.68 log

Octoxy hand rub Residual 0 log

Paulson et al.

(43)
E. coli Hand test Hand washing with plain soap 2.12 log

Antibacterial soap (PCMX) 1.9 log

Purell hand sanitizer gel (62% ethanol) 2.24 log

WS (antibacterial soap þ hand sanitizer) 3.28 log

Pickering et al.

(44)
E. coli Hand test with

Clean hand ABHS 2.33 log

Dirt-covered hand ABHS 2.32 log

Oil-coated hand ABHS 2.13 log

Shintre et al.

(50)
E. coli Suspension ZBF hand rub (60% ethanol þ farnesol þ

BZT)

.7 log

E. coli Pig skin model (20 min

postapplication)

ZBF hand rub (60% ethanol þ farnesol þ
BZT)

Residual 3.26 log

Avagard Residual 4.70 log

Prevacare Residual 5.65 log

Triseptins Residual 5.12 log

Alcohol gel base Residual 5.60 log

S. aureus Suspension ZBF hand rub (60% ethanol þ farnesol þ
BZT)

.7 log

Pig skin model (20 min

postapplication)

ZBF hand rub (60% ethanol þ farnesol þ
BZT)

Residual 1.89 log

Avagard Residual 4.94 log

Prevacare Residual 5.16 log

Triseptins Residual 5.51 log

Alcohol gel base Residual 5.37 log
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TABLE 2. Continued

Reference Microorganisma Test method

Hand hygiene products

and disinfectantsb
Reduction

observed

Edmonds et al.

(14)
S. aureus Suspension (15-s

exposure)

Purell advanced hand sanitizer (70%

ethanol gel)

�5.8 log

Purell advanced hand sanitizer (70%

ethanol foam)

�4.2 log

70% ethanol �4.2 log

Hand test after 1 (1A)

and 10 applications

(10A)

Purell advanced hand sanitizer (70%

ethanol gel)

3.58 (1A) to 3.50

(10A) log

Purell advanced hand sanitizer (70%

ethanol foam)

3.55 (1A) to 3.48

(10A) log

Sterillium comfort gel (90% ethanol gel) 3.12 (1A) to 1.80

(10A) log

WHO-recommended hand rub (80%

ethanol)

3.07 (1A) to 2.39

(10A) log

WHO recommended hand rub (75%

ethanol)

3.12 (1A) to 2.03

(10A) log

Purell advanced hand sanitizer (70%

ethanol gel)

3.35 (1A) to 4.09

(10A) log

Purell advanced hand sanitizer (70%

ethanol foam)

3.48 (1A) to 4.41

(10A) log

Endure 300 antimicrobial rinse (62%

ethanol)

2.99 (1A) to 1.97

(10A) log

Avagard foam instant hand antiseptic

(70% ethanol)

2.83 (1A) to 1.94

(10A) log

Avagard D (68% ethanol) 2.48 (1A) to 1.31

(10A) log

Alcare OR foamed antiseptic hand rub

(62% ethanol)

2.86 (1A) to 2.71

(10A) log

Rio gel antiseptico (70% ethanol) 2.88 (1A) to 2.47

(10A) log

Cutan alcohol foam antiseptic hand rub

(60% ethanol)

3.26 (1A) to 2.54

(10A) log

Kaiser et al.

(31)
S. aureus Pig skin model CHG wash only 4.22 log

CHG wash þ 60% alcohol gel product

and 0.25% hydroxypropyl cellulose

4.12 log

CHG wash þ 0.25% carbomer in alcohol

solution

1.07 log

CHG wash þ 0.25% C10-30 alkyl

acrylate crosspolymer in alcohol

solution

0.44 log

CHG wash þ unthickened alcohol

solution

4.11 log

CHG wash þ carbomer containing

marketed Product A

0.54 log

CHG wash þ carbomer containing

marketed Product B

0.56 log

CHG wash þ hydroxypropyl cellulose

containing marketed Product C

4.26 log

Fendler et al.

(21)
E. coli Suspension (30-s

exposure)

Purell instant hand sanitizer (62% ethanol

þ emollients)

.5 log

E. coli O157:H7 .5 log

L. monocytogenes .5 log

S. aureus,
methicillin

resistant

.5 log

S. aureus,
vancomycin

tolerant,

methicillin

resistant

.5 log
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against HuNoV, whereas results for the norovirus surrogates

differed between with the plaque assay and the RT-qPCR

assay. A general lack of correlation between the two

detection methods and different levels of inactivation of

FCV or MNV were generally observed. Only a 72% alcohol

(pH 2.9) ABHR reduced the infectivity of both FCV and

MNV (3.4- and 2.6-log reductions, respectively) based on

the plaque assay test, whereas no correlation was found

between reduced infectivity and RNA reduction measured

by the RT-qPCR assay. Conflicting results were also

reported in two studies of the in vitro and in vivo efficacy

of hand products against FCV and MNV. Gehrke et al. (25)
tested three types of alcohol: ethanol, 1-propanol, and 2-

propanol. In vitro experiments revealed that 50 and 70% 1-

propanol was more effective (104-fold reduction) than

ethanol and 2-propanol. In contrast, 70% ethanol achieved

greater virus inactivation (3.78-log reduction) in vivo than

did 1-propanol and 2-propanol (3.58- and 2.15-log reduc-

tions, respectively). Steinmann et al. (51) compared the

virucidal activity of three ABHRs and three antimicrobial

soaps. Results from suspension tests indicated a �5-log

reduction of both FCV and MNV achieved by two of the

three ABHRs tested, which was greater efficacy than that of

the soaps tested (typically �3-log reduction). Conversely,

the modified finger pad test carried out against MNV only

indicated the superior antimicrobial activity of a povidone-

iodine soap (4.62-log reduction) compared with the other

ABHRs and soaps tested. Two studies were conducted to

evaluate the in vivo efficacy of hand hygiene products

against FCV only. Lages et al. (34) tested four ABHRs,

three nonalcohol sanitizers, and two triclosan antimicrobial

liquid soaps after exposure times of 30 s and 2 min. All

products tested generally had limited efficacy; only one

antimicrobial soap containing 10% povidone-iodine (�2.67-

log reduction) and one ABHR containing 95% ethanol

(�1.30-log reduction) achieved appreciable virus reduction

compared with a water rinse tested in parallel. Czerwinski

and Cozean (9) compared a novel hand sanitizer containing

BZK, a 62% ABHR, an antibacterial liquid soap, and a

water rinse. Apart from a promising level of inactivation

achieved with the novel hand sanitizer (3.49-log reduction),

generally ,1-log virus reductions were obtained in all the

other cases. Two studies were conducted to evaluate the

efficacy of products on hands artificially contaminated with

a fecal suspension of FCV. Kampf et al. (32) tested the

efficacy of three ABHRs; greatest reduction (2.17 6 1.06

log) in FCV was achieved with a hand sanitizer containing

95% alcohol. Lower concentrations of alcohol did not

achieve a .1-log virus reduction. Lin et al. (36) compared

six hand washing practices with contaminated natural and

TABLE 2. Continued

Reference Microorganisma Test method

Hand hygiene products

and disinfectantsb
Reduction

observed

Salmonella
Enteritidis

.5 log

Salmonella
Typhimurium

.5 log

HAV 1.75 log

Charbonneau et

al. (7)
Natural food

flora

Hand test (heavy soil

load)

Hand wash with nonmedicated soap W&S . WS.

ABHSs

Hand sanitizer (70% ethanol) ABHSs , W&S ,

WS

WS (nonantimicrobial hand wash þ 70%

ethanol foam)

WS , W&S .

ABHSs

Wongworawat

et al. (60)
Natural flora Hand test without rings

(WR) and with rings

(R)

Povidone-iodine scrub Residual 2.5 (WR)

to 7.5 (R) CFU

Water-aided alcohol wash Residual 0.5 (WR)

to 1.0 (R) CFU

Waterless alcohol-chlorhexidine lotion Residual 0.0 (WR)

to 0.0 (R) CFU

a FCV, feline calicivirus; MNV, murine norovirus; HuNoV, human norovirus; HAV, hepatitis A virus.
b BZT, benzethonium chloride; PCMX, para-chloro-meta-xylenol; WS, wash-sanitize; AF, advanced formula; ABHR, alcohol-based hand

rub; STW, Sani-twice; CHG, chlorhexidine gluconate; BZK, benzalkonium chloride; ABHS, alcohol-based hand sanitizer; WHO, World

Health Organization; W&S, water and soap.
c Artificial fingernails.
d Natural fingernails.
e Standard American Society for Testing and Materials finger pad method with rubbing.
f Modified American Society for Testing and Materials finger pad method with rubbing.
g Viral reduction estimated through the RT-qPCR assay.
h Viral reduction estimated through the plaque assay.
i Bare hands.
j Gloves.
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artificial nails. Use of soap and a nail brush achieved the

highest log virus reduction (2.54 6 0.57-log reduction)

followed by hand washing with antibacterial soap (2.26 6

0.42-log reduction) and then the combined use of soap and

hand sanitizer (2.13 6 0.93-log reduction). In contrast, the

use of hand sanitizer alone had limited efficacy (0.86 6 55-

log reduction). Presence of long nails on treated hands

significantly impacted the efficacy of all hand products

tested. Edmonds et al. (16) compared four hand hygiene

regimes on hands contaminated with a suspension of MNV

prepared with 0.5% fetal bovine serum to mimic soiling with

organic matter. Hand hygiene practices included an

antimicrobial soap, a 70% alcohol gel, hand washing

followed by hand sanitizing, and SaniTwice. Sanitizing

with 70% alcohol gel was slightly more effective (2.6 6

0.41-log reduction) than hand washing with antimicrobial

soap (1.79 6 0.29-log reduction). Greater viral reduction

was achieved by SaniTwice (4.04 6 0.33-log reduction) and

by the combination of conventional hand washing and

sanitizing (3.19 6 0.31-log reduction).

HAV. Little published information is available about the

relative effectiveness of hand washing products against

HAV. Only three studies such studies were retrieved for this

review (20, 21, 39). Fendler et al. (21) and Fendler and

Groziak (20) found limited in vitro efficacy of a commer-

cially available alcohol-based hand sanitizer containing 62%

alcohol and emollients against HAV. After 30 s of exposure,

1.75-log (21) and 1.25-log (20) reductions were obtained,

corresponding to 94.37 and 94.4%, respectively, reductions

in the original inoculum.

Mbithi et al. (39) evaluated elimination rates obtained

with 10 products on whole hands or finger pads artificially

contaminated with a mixture of viruses and feces.

Formulations tested included a nonmedicated soap, five

ethanol-based hand sanitizers, and four antibacterial liquid

soaps; tap water without soap was used as the control. None

of the tested products resulted in 99.9% inactivation, which

is generally desired. Inactivation rates observed for the

whole hand and finger pad methods were 79 to 94%. One

antibacterial soap and the nonmedicated soap attained a

higher level of virus reduction (�94.56% 6 5.75% and

�91.39% 6 2.65%, respectively) than did alcohol-based

hand sanitizers (�90.67% 6 2.08%) and tap water

(�81.57% 6 4.5%). Residual infectivity, estimated as the

mean number of PFU through a plaque assay test, was 0 to

0.64 PFU for ABHRs, 0.63 to 1.74 PFU for antimicrobial

soaps, 1.57 PFU for plain soap, and 3.88 PFU for tap water.

No published information was found concerning the efficacy

of hand washing and hand sanitizers against HAV on hands

soiled with food components.

L. monocytogenes. Only two articles describing in vitro

and in vivo efficacy of sanitizing products against L.
monocytogenes were found (21, 40). Fendler et al. (21)
reported a .5-log reduction of L. monocytogenes in vitro

with a commercially available hand sanitizer containing

62% alcohol in a 30-s timed exposure kill test. McCarthy

(40) compared the in vivo efficacy of one hand sanitizer and

five disinfectants (two with chloride, one with iodine, one

with peroxide, and one with quaternary ammonium) on

contaminated latex gloves. The impact of the organic

compounds on inactivation rates achieved with the tested

products was estimated through immersion of gloves in both

sterile phosphate-buffered saline (PBS) and crab cooking

water artificially contaminated with L. monocytogenes at 5

log CFU/ml. Of the products tested, only the peroxide-based

product achieved a 5-log reduction of attached L. monocy-
togenes on both soiled and nonsoiled contaminated gloves.

The two chloride-based and the quaternary ammonium–

based products achieved a 5-log reduction on gloves

contaminated with PBS suspensions of L. monocytogenes
(i.e., no food residues), but efficacy was lower (�1- to 2-log

reductions) in the presence of crab cooking water. The

iodine-based sanitizer and alcohol-based instant hand

sanitizer had lower efficacy in both experiments. No data

about the efficacy of conventional hand washing for

removing L. monocytogenes from gloves or hands was

found in the literature.

S. aureus and E. coli. Six studies included assessment

of the in vitro and/or ex vivo efficacy of hand sanitizers

against S. aureus and E. coli. Products included conven-

tional ABHRs and new generation products containing a

combination of active antimicrobial agents and other

compounds such as thickening agents, emollients, and

natural compounds. Fendler et al. (21) reported that a .5-

log reduction was achieved by a 62% alcohol–based

sanitizer against methicillin-resistant and vancomycin-toler-

ant S. aureus, nonpathogenic E. coli, and E. coli O157:H7.

High in vitro inactivation rates were also reported by Biagi

et al. (1), Czerwinski et al. (10), Gaonkar et al. (24), Kaiser

et al. (31), and Shintre et al. (50). Biagi et al. (1) tested the in

vitro efficacy of a new combination of two natural

compounds, PCA and CS. The combination of PCA and

CS was more effective than 70% ethanol and 60%

isopropanol used alone. Czerwinski et al. (10) tested the

efficacy of a novel alcohol-based antiseptic and a novel

water-based antiseptic lotion prepared with a synergistic

combination of ingredients centered on BZT. The novel

water-based product had the same level of antimicrobial

activity (99.9%) against E. coli and S. aureus strains as did

the alcohol-based product. Gaonkar et al. (24) tested an

ABHR prepared with an emollient (Octoxy) and other

ingredients against E. coli and methicillin-resistant S.
aureus. In vitro evaluations revealed a .7-log reduction

of both E. coli and S. aureus, and ex vivo tests revealed

greater antimicrobial activity and superior residual activity

after use of the novel Octoxy formulation compared with the

two other ABHRs applied in parallel as a control. Kaiser et

al. (31) conducted an ex vivo comparison of a combination

of a surgical scrub containing 4% CHG and ABHRs

prepared with and without thickening agents against S.
aureus. Hand sanitizers thickened with anionic polymers

had a negative impact on persistent activity of CHG. In

contrast, no negative effect was observed for ABHRs alone

or those thickened with nonionic compounds. Shintre et al.

(50) tested the synergistic effect of alcohol and quaternary
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ammonia in combination with moisturizers or essential oils

in vitro and ex vivo. Synergistic combination of farnesol and

BZT had longer activity (i.e., 20 to 35 min postapplication)

against S. aureus and E. coli than did other hand sanitizers

and chemicals compounds used alone.

The high level of bacterial inactivation generally

observed in vitro does not necessarily reflect the actual

capacity of products to remove transient microorganisms

from the outer layers of skin on the hands. Incomplete

effectiveness against target microorganisms from cleaned

hands has been generally reported in all studies carried out

on hands artificially contaminated with E. coli. Edmonds et

al. (14) compared the efficacy of two novel 70% alcohol

preparations (gel and foam), seven commercially available

ABHRs, and two World Health Organization–recommended

formulations containing 60 to 90% alcohol against one

methicillin-resistant S. aureus strain. Results showed the

superior efficacy of the novel gel and foam preparations after

single and multiple uses compared with the other products.

However, none of the products exceeded a 3-log reduction

of the target microorganism. Fischler et al. (22) evaluated

the effectiveness of two hand washing regimes for reducing

transient bacteria after a single wash and subsequent

potential transfer of bacteria to a ready-to-eat food. The

antimicrobial soap achieved a higher level of inactivation

(.3-log reduction) than did plain soap (�2-log reduction)

but failed to avoid the transfer of seeded bacteria to the

ready-to-eat food item. Kampf et al. (33) reported limited

efficacy of two ABHRs on hands artificially contaminated

with E. coli. Bacterial inactivation achieved by two products

containing 62% alcohol was only slightly better (�3.5 6

0.45-log and 3.58 6 0.71-log reductions) than that achieved

by rubbing hands under running water in parallel (2.39 6

0.57-log reduction). Paulson et al. (43) examined the

abilities of four hand washing regimes: plain soap, an

antimicrobial soap, an alcohol-based hand sanitizer, and

combined use of an antimicrobial soap and an ABHR (used

after hand washing). All products used alone performed

equally, but none exceeded a 2-log reduction. Higher

efficacy (3.28-log reduction) was obtained with the

combined use of hand washing and hand sanitizing.

Salmonella. Little published information about the

efficacy of sanitizing products against Salmonella is

available. Only one in vitro study was retrieved (21), in

which a .5-log reduction of Salmonella Enteritidis and

Salmonella Typhimurium was achieved by using a 62%

ABHR.

Efficacy of hand products on hands soiled with food
components. Experimental conditions described in the

literature to mimic food preparation settings include

contamination of food workers’ hands with natural soil

encountered in the food service industry (7) and hands

artificially inoculated with pure cultures of bacteria mixed

with crab cooking water (40), chicken or beef broth (15, 16,
36), ground beef (7, 15, 16, 36), and dirt or cooking oil (44).
The efficacy of the hand products was estimated based on

enumeration of the microorganisms released from the treated

hands or enumeration of bacteria remaining on the hands.

Methods for enumerating released bacteria included evalu-

ation of glove juice (15, 16, 60) or hand rinsate (8, 44). Both

techniques consist of enumerating bacteria released from

washed hands previously placed into a glove or a bag filled

with sterile water or buffer. Conversely, enumeration of

bacteria remaining on the hands after hand washing or hand

sanitizing is usually estimated through image analysis or by

pressing the palms of washed hand onto the surface of an

agar plate (7).
Four studies included an evaluation of the efficacy of

hand hygiene products on soiled hands. Courtenay et al. (8)
compared the efficacy of three hand washing regimes

(rinsing with warm water, rinsing with cold water, and

washing with water and soap) for hands and gloves

contaminated with E. coli and ground beef. Water and soap

removed more bacteria than did the other hand hygiene

regimes, and bacterial removal was higher from hands

(99.98%) than from gloves (99.13%). The efficacy of four

hand sanitizers containing 62% ethanol was also compared

on clean hands contaminated with E. coli in broth at 106 log

CFU/ml. The bacterial reduction achieved by the four hand

sanitizers was 96.44 to 90.40% and was consistently lower

than that obtained with water and soap. Charbonneau et al.

(7) tested plain soap, a 70% alcohol-based hand sanitizer,

and combined hand washing and alcohol-based hand

sanitizer on hands naturally contaminated with raw chicken

and ground beef. Higher efficacy was achieved with plain

soap than with the other hand hygiene regimes. The limited

efficacy of ABHRs on clean hands or hands soiled with dirt

and oil was also reported by Pickering et al. (44). Bacterial

reduction achieved did not exceed 2 log units of seeded E.
coli (107 CFU/ml) in all cases. The efficacy of hand hygiene

practices under moderate and heavy soil conditions was

evaluated in two included studies (15, 16). Edmonds et al.

(16) found superior efficacy for combined use of water and

soap and hand sanitizing compared with water and soap or

antimicrobial soap used alone; .5.0- and .4.6-log

reductions of bacteria were achieved on moderately and

heavily soiled hands, respectively. Edmonds et al. (15)
tested the efficacy of the SaniTwice method with three 62 to

70% alcohol products compared with plain soap, an

antibacterial soap, and a 70% alcohol gel used alone.

SaniTwice with 70% alcohol foam had higher efficacy than

did water and soap and other alcohol-based regimes; 4.61-

and 3.92-log reductions of bacteria were achieved on

moderately and heavily soiled hands, respectively. Heavy

soil impacted the efficacy of all the practices tested (,1- to

2-log reductions).

Other considerations in relation to effective hand
cleansing. Only two included studies considered the

efficacy of hand washing techniques for removal of bacteria

or viruses from natural and artificial nails (36) or from hands

with rings present (60). Wongworawat et al. (60) compared

the efficacy of three hand sanitizers (one with povidone-

iodine, one with water-aided alcohol, and one with alcohol

and chlorhexidine) on hands with and without rings. The

alcohol-chlorhexidine hand sanitizer was slightly more
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effective than the other products. No significant difference in

the number of bacteria retrieved from cleansed hands with

and without rings was generally observed. These results

suggest that the presence of rings should not significantly

impact the effectiveness of hand sanitizers.

Lin et al. (36) assessed the effectiveness of various

cleansing products and hand practices for natural and

artificial nails on hands inoculated with E. coli or FCV.

Use of a nailbrush and soap achieved the highest removal of

target microorganisms. However, the presence of long nails

significantly impacted the efficacy of all regimes tested,

suggesting that maintaining short fingernails is essential to

reduce the risk of transmitting hazardous microorganisms

when handling food.

DISCUSSION

Effective hand washing is extremely important to help

prevent harmful microorganisms from spreading from

people’s hands to food. Contact with bare hands and failure

to properly wash hands have been reported as the main risk

factor contributing to foodborne disease caused by food

handlers (53). European Union food safety legislation

requires every person working in a food handling area to

maintain a high standard of personal cleanliness and requires

food business operators to provide an adequate number of

wash basins suitably located and designed for cleaning

hands (18). The Food Code 2009 (56), published by the U.S.

Food and Drug Administration to standardize food safety

and food hygiene procedures, states that the total time

recommended for proper hand washing is at least 20 s, of

which 10 to 15 s should be used for rubbing followed by

rinsing under running warm water and then drying.

The presence of food components such as fat, oil, or

other dirt is considered the main factor affecting inactivation

rates of hand hygiene products against microorganisms on

the hands of food workers (59). The levels of microbial

contamination on hands of food workers have been reported

as 2 to .5 log CFU per hand across various food settings,

and the bacterial flora generally encountered on the hands of

food workers is a mixture of Enterobacteriaceae and other

mesophilic bacteria in the presence of fat and other soil (11).
Various pathogens with very low infective doses (1 to 100

units), including viruses, parasites, and enteric bacteria, can

be present in high numbers on contaminated hands (54).
Pathogens carried by contaminated hands can be easily

transferred to food and hand contact surfaces and can

survive for long periods (54, 55). The ideal hand hygiene

regime to be used in a food setting would ensure maximum

removal of food components and food flora from cleaned

hands to minimize the level of transferable microorganisms.

Most of the hand disinfectants, including medicated soaps

and instant hand sanitizers, have broader antimicrobial

activity than do plain soaps but are generally considered to

not properly meet the needs of food workers because these

products are unable to remove food soil from cleansed hands

(57).
In this systematic review, we evaluated the published

scientific information available on the efficacy of conven-

tional and improved hand hygiene products in relation to

their use in food preparation settings. Analysis revealed the

existence of conflicting reports about the efficacy of soaps

and hand sanitizers against foodborne pathogens. No

standardized method to estimate removal and inactivation

rates of target pathogens is available, and differences in the

experimental conditions (e.g., quantity of product used,

duration of treatment, and type of food soil used) among

studies makes comparison of results difficult. Hand washing

with water and soap is generally reported to achieve

effective removal of bacteria and soil from hands (7, 8,
15, 16) and gloves (8) and to be superior to use of other

products when used with a nailbrush for removal of bacteria

and viruses from fingernails (36). However, some microor-

ganisms remain even after proper washing (7, 8, 15, 16, 36),
suggesting that hand washing alone cannot ensure elimina-

tion of risk in relation to transmission of bacteria from hands

to food. Conventional hand washing is more effective for

contaminated hands than for gloves (8), suggesting that

frequent changes of gloves rather than washing gloves when

they become visibly soiled would more effectively minimize

risk of bacterial contamination between food preparation

steps.

The efficacy of antimicrobial soaps versus conventional

plain soaps is also controversial, and these conflicting results

have been reported in two other reviews (27, 61). Apart from

one study (43), the evidence seems to indicate that

antimicrobial or medicated soaps can achieve a slightly

higher level of microbial inactivation on artificially

contaminated hands without food residue present (22, 39),
whereas their efficacy on soiled hands is similar to that of

conventional soaps (16, 36).
Instant hand sanitizers have high and rapid in vitro

efficacy against various target bacteria (10, 14, 21, 50), but

their efficacy against naked viruses seems to be lower (20,
21, 34, 42) and differs depending on the virus, the type of

alcohol, and the alcohol concentration (25, 42, 51). These

findings are in general agreement with those of four other

reviews (2, 3, 27, 61). Apart from some improved

formulations (9, 28), instant hand sanitizers used in vivo

do not usually exceed 2- to 3-log microbial reductions (14,
33, 37, 38, 43, 44), and their efficacy seems to be affected by

the presence of food debris, as observed on both moderate

(40) and heavily soiled (7, 15, 36) hands; only one study

included in the present review reported similar rates of

bacterial inactivation on both clean and soiled hands (44).
Instant hand sanitizers used alone do not seem to be a

reliable substitute for conventional hand washing in food

establishments (7). In contrast, use of these sanitizers after

hand washing with either antimicrobial or plain soap (i.e.,

wash-sanitize regimes) seems to be more effective than use

of hand sanitizer or soaps alone (16, 43); bacterial

inactivation significantly increased up to 4- or 5-log

reductions on both moderately and heavily soiled hands

(16).
Preliminary results reported for SaniTwice method are

also encouraging (15). When the method was tested on

hands moderately and heavily soiled with a mixture of food

components and E. coli, adequate levels of bacterial control

(~4-log reductions) were achieved. A similar level of

inactivation has also been reported against MNV on
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artificially contaminated hands. These findings suggest that

this hand hygiene regime could be used as an alternative to

wash-sanitize when water and soap are not available.

However, no published information about the efficacy of

this hand hygiene regime against HuNoV or HAV on soiled

hands seems to be available. For this reason, further studies

are needed to evaluate the effectiveness of the SaniTwice

method in different food settings and against different

foodborne pathogens.

A new generation of alcohol-free lotions is attracting

more interest (1, 24, 31). Evidence from in vitro and ex vivo

studies indicate efficacy against target bacteria similar to that

of alcohol-based products, with prolonged activity after

application and potentially less skin irritation. However,

very little is known about the efficacy of these alcohol-free

products against viruses, and no information about their

inactivation rates on soiled hands is currently available.
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INTRODUCTION 

the u.s. centers for disease control and Prevention (cdc) estimate that human noroviruses (hunoV) 
are responsible for most (58%) cases of foodborne illness of known etiology (20). the u.s. Food and drug 
Administration (FdA) has classified human noroviruses (hunoV), hepatitis A virus, Salmonella typhi, entero-
hemorrhagic and shiga toxin-producing Escherichia coli, and Shigella spp. as “the big five” microorganisms 
of greatest concern in retail and foodservice establishments (27). these microorganisms, as well as most 
other common enteric pathogens, frequently make their way into food through the poor hygiene practices of 
infected or colonized food workers during the many touch points along the farm-to-fork continuum.   

At present, training is the primary method used to improve food worker hand-hygiene practices, with 
hundreds if not thousands of programs currently available through government health agencies, univer-
sities, food industry, and other professional groups.  Many of these programs are driven by the provision that 
the person-in-charge of a foodservice operation shall demonstrate knowledge about food safety practices, 
as detailed in section 2–101.11 of the FdA Food code (28).  however, in spite of the plethora of programs 
available, the overall public health impact of interventions designed to improve hand hygiene related food 
handling practices, including hand washing, remains a controversial topic (3, 4). 

observational studies of foodservice worker behavior have shown varied and relatively poor compliance 
with recommended hand hygiene practices.  For example, some studies have indicated that 0 to 61% of 
restaurant workers, 6 to 73% of workers in institutional settings, and 2 to 82% of workers in deli operations 
properly follow recommended handwashing procedures (2, 8, 12, 23, 27, 33) (table 1). these low comp-
liance rates suggest that current hand hygiene recommendations have not translated well into practice.

to understand why this is the case, it is important to identify underlying factors that might be driving such 
low compliance rates. evidence from the literature suggests that training as a means of improving practices 
has had a limited effect. one reason is that interventions primarily focus on knowledge gain and often do not 
address underlying environmental and institutional factors contributing to successful outcomes (3). Perhaps 
another factor contributing to low compliance rates is the recommended hand hygiene procedures used as 
the basis for most training interventions. More specifically, are the recommended hand hygiene procedures 
for the foodservice industry based on the best published science, and are they practical for food handlers 
under real-world conditions?  We maintain that it is necessary to explore these two questions in a systematic, 
science-based manner in an effort to identify optimal, sustainable hand hygiene practices for the foodservice 
industry.    
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HAND HYGIENE IN THE HEALTH CARE SECTOR

As in the foodservice sector, staff hand hygiene 
compliance rates in health care are also low, often 
less than 40% (9, 32). it is interesting, and perhaps 
not surprising, that the individual, environmental, 
and institutional factors influencing hand hygiene 
compliance in health care are very similar to those 
factors influencing compliance in the foodservice 
sector (table 2). thus, the foodservice industry can 
learn much by reviewing the evolution of hand  hygiene 
guidelines for health care.  

 historically speaking, some of the first guidelines 
for handwashing in health care emerged in a training film 
produced by the u.s. Public health service (u.s. Phs) 
over fifty years ago.  the recommended protocol was 
for healthcare workers to wash their hands with soap 
and water for 1–2 minutes before and after contact with 
their patients. because rinsing hands with an antiseptic 
agent was believed to be less effective at that time, 
this strategy was to be used only in emergencies or 
when sinks were not available (1). in 1975, and again 
in 1985, the cdc published updated written hand 
hygiene guidelines, effectively reducing the wash 
time to 10–15 seconds (1). it is important to note that 

the total duration of the recommended handwashing 
procedure is significantly longer when one includes the 
steps of finding a sink, rinsing, drying, and returning to 
the point of care.  Also, washing with antimicrobial soap 
was to be reserved for when one was performing an 
invasive procedure or was caring for high-risk patients.  
this recommendation was based on the undesirable 
effects, most notably excessive skin drying and irritation 
of hands, associated with most antiseptic hand washes 
available at that time. use of alcohol-based handrub 
formulation was recommended only when hand sinks 
were not available (6, 21). Meanwhile, the positive 
experience and evidence base for application of 
alcohol-based handrubs in health care was growing in 
europe.  the breakthrough occurred at the university 
of geneva hospitals between 1993 and 1998, where 
strong evidence for a successful multimodal hand 
hygiene promotion strategy including the systematic 
change to alcohol-based handrubs as the standard of 
care to increase health-care worker compliance rates, 
directly reduced health-care acquired infection rates, 
and was a sustainable intervention over time (16).   

the Association of Professionals in infection  
control (APic) published in 1988, and updated in 
1995, handwashing recommendations incorporating 

TABLE 1. Compliance rates of adequate, proper handwashing assessed by direct observation  
in institutional foodservice, restaurants, retail food and catering businesses
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procedures similar to the 1985 cdc guidelines (1).  
As was the case for the cdc guidelines, APic also 
recommended the use of alcohol-based rubs on hands 
that were not visibly soiled and detergent-containing 

towelettes for heavily soiled hands (11). in 1996, 
the healthcare infection control Practices Advisory 
committee (hicPAc), which provides advice and 
guidance to the cdc, recommended using either 

TABLE 2. Factors influencing hand hygiene practices in health care and foodservice settings
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antimicrobial soap or a waterless antiseptic agent 
when working with patients infected with multi-drug 
resistant pathogens (5).  

As thinking progressed and the evidence became 
irrefutable, the cdc, under the leadership of recognized 
international experts, including J. boyce, e. larson, 
and d. Pittet, published their most recent guidelines 
for hand hygiene in health care settings in 2002, 
recommending the use of alcohol-based hand rubs 
as the primary mode of hand hygiene for healthcare 
providers except when hands are visibly soiled. in 2006 
in draft format and in 2009 in final format, the World 
health organization (Who) launched an updated 
global program built upon a multi-modal hand-hygiene 
guideline (31, 32).  this effort called upon all the 
world’s healthcare hand-hygiene experts to examine 
the evidence, conduct global pilot tests and multiple 
validation studies, and issue recommendations, all 
intended to provide a sound scientific foundation to 
support the use of alcohol-based hand rubs as the 
standard-of-care to bypass time constraints, improve 
infection prevention, and improve hand-hygiene 
compliance in healthcare settings, for both developed 
and developing countries.

in summary, the best approach in healthcare 
settings to improve and sustain hand-hygiene 

compliance rates employs a five element multi-
modal strategy that focuses on system change, staff 
education, monitoring and feedback, reminders in the 
workplace, and promotion of an institutional safety 
climate (16). in addition to these core components, 
easy and facilitated access to alcohol-based hand rub 
at the point of patient care has been identified as a 
prerequisite for success if integrated with the overall 
strategy. this has become known as the “Five Moments 
for hand hygiene” (19).

HAND HYGIENE IN FOODSERVICE 
ESTABLISHMENTS

unlike the situation in the healthcare sector where 
hand-hygiene guidelines have been routinely reviewed 
and alternatives established, recommendations for 
the foodservice industry have remained relatively 
unchanged. the FdA, a primary source of science-
based information for the retail, foodservice, and 
vending industries, publishes recommendations on 
hand-hygiene practices in the Food code, currently 
in its seventh edition (2009) (28). the only differences 
in hand-hygiene recommendations between the 
1993 edition (1st edition) of the Food code and the 
2009 edition are the length of wash time (decreased 

Figure 1. Excerpt of handwashing procedure from the 2009 Food Code (27)

antimicrobial soap or a waterless antiseptic agent 
when working with patients infected with multi-drug 
resistant pathogens (5).  

As thinking progressed and the evidence became 
irrefutable, the cdc, under the leadership of recognized 
international experts, including J. boyce, e. larson, and 
d. Pittet, published their most recent guidelines for hand 
hygiene in healthcare settings in 2002, recommending 
the use of alcohol-based handrubs as the primary mode 
of hand hygiene for health-care providers except when 
hands are visibly soiled. in 2006 in draft format and 
in 2009 in final format, the World health organization 
(Who) launched an updated global program built 
upon a multi-modal hand hygiene guideline (30, 31). 
this effort called upon all the world’s health-care hand 
hygiene experts to examine the evidence, conduct 
global pilot tests and multiple validation studies, and 
issue recommendations, all intended to provide a sound 
scientific foundation to support the use of alcohol-based 
handrubs as the standard-of-care to bypass time 
constraints, improve infection prevention, and improve 
hand hygiene compliance in health-care settings, for 
both developed and developing countries.

in summary, the best approach in health-care 
settings to improve and sustain hand hygiene 

compliance rates employs a five element multi- 
modal strategy that focuses on system change, staff 
education, monitoring and performance feedback, 
reminders in the workplace, and promotion of an 
institutional safety climate (16). As part of system 
change, easy and facilitated access to alcohol-based 
handrub at the point of patient care has been identified 
as a prerequisite for success if integrated with the 
overall strategy. in addition, a major element of staff 
education has been the development and promotion 
of a patient zone concept directing critical time for 
hand hygiene. 

HAND HYGIENE IN FOODSERVICE 
ESTABLISHMENTS

unlike the situation in the healthcare sector  
where hand hygiene guidelines have been routinely 
reviewed and alternatives established, recommendations 
for the foodservice industry have remained relatively 
unchanged. the FdA, a primary source of science-
based information for the retail, foodservice, and 
vending industries, publishes recommendations on 
hand hygiene practices in the Food code, currently  
in its seventh edition (2009) (28). the only differences 
in hand hygiene recommendations between the 

Figure 1. Excerpt of handwashing procedure from the 2009 Food Code (27)
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from 20 seconds to 10–15 seconds) and addition of 
a ninth handwashing action (before donning gloves 
for working with food). Furthermore, in May 2003 the 
FdA prepared a written response to the 2002 CDC 
Guidelines for Hand Hygiene in Healthcare, making it 
clear that the cdc guidelines could not be applied to 
foodservice establishments (26). the underlying logic 
for this position was that (1) pathogens commonly 
transmitted by hands in healthcare settings differ from 
those transmitted in foodservice settings; (2) the use 
of alcohol-based hand rubs in place of hand washing 
has not been shown to reduce important foodborne 
pathogens on food workers’ hands; and (3) the types 
and levels of soil on the hands of healthcare workers 
differ from those on the hands of foodservice and retail 
food handlers.  

As a consequence, FdA’s position is that the use 
of alcohol-based hand rubs as an alternative to hand 

washing in foodservice will not adequately reduce 
important foodborne pathogens on food workers’ 
hands. the following three reasons were cited to 
justify this position.  

	 •	 Alcohols	 have	 very	 poor	 efficacy	 against	
bacterial spores, protozoan oocysts, and  
certain non-enveloped (nonlipophilic) 
viruses. 

	 •	 If	alcohol-based	hand	rubs	were	to	be	used	
in the foodservice sector, they and their 
ingredients must be approved as additives 
compliant with the Federal Food, drug, and 
cosmetic Act, or alternatively, approved 
through the new drug Application (ndA) 
process. 

	 •	 There	is	a	high	probability	that	foodservice	
worker hands will be wet and soiled, effectively 

Figure 2. Excerpt on hand antiseptics from the 2009 Food Code (27) 

1993 edition (1st edition) of the Food code and the 
2009 edition are the length of wash time (decreased 
from 20 seconds to 10–15 seconds) and addition of 
a ninth handwashing action (before donning gloves 
for working with food). Furthermore, in May 2003 the 
FdA prepared a written response to the 2002 CDC 
Guidelines for Hand Hygiene in Healthcare, making it 
clear that the cdc guidelines could not be applied to 
foodservice establishments (26). the underlying logic 
for this position was that (1) pathogens commonly 
transmitted by hands in health-care settings differ from 
those transmitted in foodservice settings; (2) the use 
of alcohol-based handrubs in place of handwashing 
has not been shown to reduce important foodborne 
pathogens on food workers’ hands; and (3) the types 
and levels of soil on the hands of health-care workers 
differ from those on the hands of foodservice and retail 
food handlers.  

As a consequence, FdA’s position is that the use 
of alcohol-based handrubs as an alternative to hand- 
washing in foodservice will not adequately reduce 
important foodborne pathogens on food workers’ 
hands. the following three reasons were cited to 
justify this position: 

	 •	 Alcohols	 have	 very	 poor	 efficacy	 against	
bacterial spores, protozoan oocysts, and  
certain non-enveloped (nonlipophilic) 
viruses. 

	 •	 If	alcohol-based	handrubs	were	to	be	used	
in the foodservice sector, they and their 
ingredients must be approved as additives 
compliant with the Federal Food, drug, and 
cosmetic Act, or alternatively, approved 
through the new drug Application (ndA) 
process. 
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2‐301.14 When to Wash. 

 

FOOD EMPLOYEES shall clean their hands and exposed portions of their arms as specified under  

§ 2-301.12 immediately before engaging in FOOD preparation including working with exposed 

FOOD, clean EQUIPMENT and UTENSILS, and unwrapped SINGLE-SERVICE and SINGLE-USE ARTICLES
P
 

and: 

(A)  After touching bare human body parts other than clean hands and clean, exposed portions  

   of arms;P 

(B)  After using the toilet room;P 

(C)  After caring for or handling SERVICE ANIMALS or aquatic animals as specified in ¶ 2–403.11(B);P 

(D) Except as specified in ¶ 2-401.11(B), after coughing, sneezing, using a handkerchief or  

  disposable tissue, using tobacco, eating, or drinking;P 

(E)  After handling soiled EQUIPMENT or UTENSILS;P 

(F)  During FOOD preparation, as often as necessary to remove soil and contamination and to 

  prevent cross contamination when changing tasks;P 

(G) When switching between working with raw FOOD and working with READY-TO-EAT FOOD;P 

(H) Before donning gloves for working with FOOD;P and 

(I)   After engaging in other activities that contaminate the handsP 

 

Figure 3. Excerpt on when to wash to hands from the 2009 Food Code (27)

	 •	 There	 is	 a	 high	probability	 that	 foodservice	
worker hands will be wet and soiled, effectively 
reducing the efficacy of alcohol in inactivating 
pathogens (26).  

however, it is unclear how much published 
evidence actually supports these statements.  by way 
of background, the most recent version of the Food 
code (2009) provides three sections that address hand 
hygiene (see Fig. 1–3) (27).  the provisions in section 
2–301.11 (Fig. 1), which detail how hands should be 
cleaned, are based primarily on one article published 
in 1999 that focused on preventing, removing, or killing 
protozoan (not bacterial or viral) contaminants (18).  
secondly, the provisions outlined in section 2–301.14 
(Fig. 2) are primarily based on a paper published in 
1980 that addressed disinfection methods in health 
care, not foodservice (15). Moreover, the use of the 
1980 ojajarvi study conflicts with FdA’s position that 
one cannot apply hand hygiene guidelines established 
for health care to the foodservice sector.  Finally, only 
one of the eleven citations supporting the provisions 
regarding hand antiseptics (section 2.301.16–Fig. 3) 
is based on a controlled laboratory study, which was 
conducted in a meat processing plant (22). this study 
is 25 years old and focuses on germicidal handwash-
ing agents rather than hand antiseptics.  

the scientific basis upon which the FdA Food 
code provisions related to hand hygiene is clearly 
limited. A tremendous amount of information has been 
learned in the past 20 years, which could increase  
our understanding of hand hygiene. some key new 
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information includes: (1) the emergence of hunoV as 
the most common cause of foodborne disease (22); 
(2) the identification of poor hand hygiene practices 
as a leading contributing factor for the transmission 
of enteric viruses to food (9); (3) the availability of 
newly formulated alcohol-based handrubs; and (4) the 
introduction of many more peer-reviewed publications 
consistently demonstrating poor compliance with 
recommended hand hygiene practices in foodservice 
settings (7, 8, 16, 17, 24). this new information provides 
great opportunity for the retail and foodservice industries 
to move forward by reviewing the science informing 
regulatory guidelines on hand hygiene in the retail 
and foodservice sectors and making improvements 
where needed.       

PRACTICALITY OF CURRENT HAND HYGIENE 
RECOMMENDATIONS

in addition to reviewing the science, it is also  
important to determine whether current recomm-
endations, or changes that might become 
recommendations in the future, are relevant and 
practical under real-world food handling and preparat-
ion conditions. current hand hygiene recommend- 
ations emphasize the need for very frequent hand- 
washing.  the 2009 FdA Food code lists nine actions 
that shall prompt food handlers to clean their hands  
and exposed portions of their arms (Fig. 3). Food- 
handlers are typically taught that all of these actions 
could result in equal levels of contamination with 
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reducing the efficacy of alcohol in inactivating 
pathogens (26).  

however, it is unclear how much published 
evidence actually supports these statements.  by way 
of background, the most recent version of the Food 
code (2009) provides three sections that address hand 
hygiene (see Fig. 1–3) (27).  the provisions in section 
2–301.11 (Fig. 1), which detail how hands should be 
cleaned, are based primarily on one article published 
in 1999 that focused on preventing, removing, or killing 
protozoan (not bacterial or viral) contaminants (18).  
secondly, the provisions outlined in section 2–301.14 
(Fig. 2) are primarily based on a paper published in 
1980 that addressed disinfection methods in health 
care, not foodservice (15). Moreover, the use of the 
1980 ojajarvi study conflicts with FdA’s position that 
one cannot apply hand-hygiene guidelines established 
for health care to the foodservice sector.  Finally, only 
one of the eleven citations supporting the provisions 
regarding hand antiseptics (section 2.301.16–Fig. 3) 
is based on a controlled laboratory study, which was 
conducted in a meat processing plant (22). this study 
is 25 years old and focuses on germicidal handwash-
ing agents rather than hand antiseptics.  

the scientific basis upon which the FdA Food 
code provisions related to hand hygiene is clearly 
limited. A tremendous amount of information has been 
learned in the past 20 years, which could increase  
our understanding of hand hygiene. some key new 
information includes: (1) the emergence of hunoV as 

the most common cause of foodborne disease (22); (2) 
the identification of poor hand-hygiene practices as a 
leading contributing factor for the transmission of enteric 
viruses to food (9); (3) the availability of newly formulated 
alcohol-based hand rubs; and (4) the introduction of 
many more peer-reviewed publications consistently 
demonstrating poor compliance with recommended 
hand-hygiene practices in foodservice settings (7, 
8, 16, 17, 24). this new information provides great 
opportunity for the retail and foodservice industries 
to move forward by reviewing the science informing 
regulatory guidelines on hand hygiene in the retail 
and foodservice sectors and making improvements 
where needed.       

PRACTICALITY OF CURRENT HAND-HYGIENE 
RECOMMENDATIONS

in addition to reviewing the science, it is also  
important to determine whether current recomm-
endations, or changes that might become 
recommendations in the future, are relevant and 
practical under real-world food handling and preparat-
ion conditions. current hand-hygiene recommend- 
ations emphasize the need for very frequent hand 
washing.  the 2009 FdA Food code lists nine actions 
that shall prompt food handlers to clean their hands  
and exposed portions of their arms (Fig. 3). Food - 
handlers are typically taught that all of these actions 
could result in equal levels of contamination with 
pathogenic microorganisms. in reality, however, 

TABLE 3.  Number of recommended and actual handwashing (HW) episodes per hour and estimated 
handwashing time needed to comply with frequency recommendations in selected institutional and 
commercial foodservice establishments

pathogenic microorganisms. in reality, however, 
the risk of contamination is likely significantly 
elevated for only a few of these actions (although 
further laboratory evidence is needed to confirm  
this hypothesis). Furthermore, the likelihood that  
the current recommended frequency of handwashing 
is impractical in the day-to-day food preparation 
environment provides a good argument that this might 
be a key factor driving the low compliance rates that 
have been reported in the literature.  

to illustrate the impracticality of the current 
recommendations, four observational studies 
were evaluated to assess handwashing behavior 
in both institutional and commercial foodservice 
establishments. in these studies, the number of 
recommended handwashing episodes per hour per 
employee was compared to the number of handwashing 
episodes actually performed per hour per employee 
(table 3). For example, food workers in institutional 
foodservice settings (assisted living facilities, child care 
centers, and schools) should have washed their hands 
an average of nine times per hour, but they washed 
their hands only three times per hour on average (23). 
similarly, green et al. (8) reported that, in restaurants, 
each food handler should have completed at least nine 
handwashing episodes per hour, but they did so only  
30% of the time. strohbehn et al. (27) reported that 
restaurant food handlers washed their hands twice 
per hour; none of those observed were in compliance 
with 2005 Food code recommendations. deli workers 

at chain-operated retail deli departments should  
have washed their hands at least 27 times in one 
hour; not surprisingly, their compliance was only 17%, 
whereas compliance of workers at independently 
owned and operated deli operations was only 
2% (12). While these compliance rates are truly 
abysmal, they are not surprising. one has to ask  
how practical it is for any employee to wash his/her 
hands 27 times in one hour, for a school foodservice 
worker to do so nine times per hour.  

it is not merely an issue of the number of times 
workers must wash their hands, but also the length of 
time it takes to wash hands properly.  in the servsafe® 
curriculum, one of the most commonly used food 
safety training curricula in the u.s., it states “the 
whole process [to wash hands] should take about 
20 seconds” (14). however, the time to wash hands 
is not limited to just scrubbing, rinsing, and drying; it 
includes many other steps to complete the action. A 
conservative estimate of the length of time it might 
take to complete one handwashing episode properly 
is approximately 50 seconds, as detailed in table 
4. the length of every handwashing episode would 
increase even more if one also considered the size 
of the work area and the availability and location of 
handwashing sinks and supplies. if the 2009 FdA  
Food code hand hygiene provisions were strictly 
followed, the average food worker could spend between 
10 and 30 minutes per hour performing handwashing 
activities alone (table 3), just as intensive care unit 
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nurses would need to dedicate 30 minutes per hour of 
patient care to clean their hands during daily practice 
(29). this is neither practical nor feasible, particularly 
in an industry expected to prepare and serve food 
rapidly, frequently, and in a cost-effective manner,  
with a limited and frequently temporary labor pool. 

A RISK-BASED APPROACH?  

green et al. (8), lubran et al. (12), and strohbehn 
et al. (23) reported that nearly all employees they. 
(23) reported that nearly all employees they observed 
in the foodservice sector failed to wash hands after 
handling raw animal products and after handling 
soiled equipment, utensils, or dishware, arguably two 
higher risk practices.  these studies also reported low 
compliance rates with handwashing after eating or 
drinking, after touching clothing or aprons, and after 
touching bare skin.  if the stringency of handwashing 
were reduced for these latter activities, while promoting 
adherence to strict hand hygiene practices for the 
former, it might be possible to increase compliance in 
situations that present the greatest risk of contamin-
ation. this provides a good foundation to support a 
better “risk-based” approach to managing hand hygiene 
in the foodservice sector. in short, it should be possible 
to differentiate between times when a traditional full 
handwash (10–15-second scrub followed by rinsing 
under warm water and drying) must be performed, and 
when alternative methods, such as a brief hand rinse 
under warm water, use of a disposable alcohol-based 
hand wipe, or use of an alcohol-based handrub, might 
suffice. it is not logical to treat all actions as equally 
risky and prescribe the same degree of rigor in hand 
hygiene across all tasks when some are clearly more 
risky than others.  

A CALL TO ACTION

over the years, food safety stakeholder groups  
have strongly advocated improvement of recomm-
ended hand hygiene practices in foodservice and 
retail, along with more effective education and training 
programs (13). during the past two decades, millions 
of dollars have been invested by private industry and 
state and local governments to develop effective 
contamination interventions through food safety 
training.  since 2000, the usdA cooperative research, 
education and extension service, through extramural 
granting programs like the national research initiative 
(nri), the national integrated Food safety initiative 
(niFsi), and the national institute of Food and 
Agriculture (niFA), has awarded 278 grants to study 
food safety training and education within the retail/
foodservice sector, investing over $40 million (25).  
even though millions of dollars have gone into funding 
initiatives that seek to improve compliance, we still find 
that compliance with proper hand hygiene practices is 
far lower than what is needed.  We assert that one of the 
important underlying reasons for such poor compliance 
is that current recommendations are impractical under 
real-world food handling conditions. in addition, the 
science upon which these recommendations are 
based is outdated. this is an ideal time to readdress 
these issues; it is critical that we, as food safety 
professionals, promote hand hygiene procedures 
that are supported by good science, relevant to the 
most important foodborne pathogens transmitted by 
poor hygiene practices of food handlers, and practical 
to use.  some important criteria for consideration in 
rethinking hand hygiene in the retail and foodservice 
industries are as follows: 
 1. Verify which actions in the food preparation 

environment pose the greatest risk for patho- 
gen contamination via hand and human  
contact. consideration of basic food 

TABLE 4. Estimated time to complete each step of a single handwashing episode



758 FOOD PROTECTION TRENDS | DECEMBER 2012

microbiological principles, along with conduct-
ing of observational studies of food handler 
behavior and  production of quantitative risk 
models, could help to identify hand hygiene 
“critical control points.” such findings could be 
used to prioritize hand hygiene actions based 
on potential public health risks.  

 2. engage in studies to understand moti-
vations associated with the lack of food 
handler compliance with hand hygiene, 
recommendations, perhaps capitalizing on 
lessons learned from the health care sector.  
For example, just as health care now has its 
Five Moments for Hand Hygiene, a similar type 
of  tool could be undertaken by the foodservice 
sector, such as the Five Moments for Hand 
Hygiene at the Point of Food Contact. in 
summary, a multi-model strategy to improve 
food handler compliance with hand hygiene 
practices should be developed, tested, 
validated and implemented at large scale.

 3. study the efficacy and overall risk-benefit 
of the use of alternative hand antiseptics. 
Alcohol-based handrubs, especially, should 
be studied as a replacement for rigorous hand 
washing when hands are not soiled or likely 
to be contaminated with parasites or bacterial 
spores or in cases after a worker has engaged 
in less risky practices such as touching clothing 
or eating, before contacting ready-to-eat foods, 
and before or between gloving.  

 4. help to identify how hand antiseptic pro-
ducts can be created with broad-spectrum 
antibacterial efficacy and specific activity 
against hunoV, including identification of 
the means by which to rapidly validate their 
efficacy and facilitate their approval for use by 
the foodservice sector. 

 5. revise education and training materials to 
reflect changes in recommended hand hygiene 
procedures based on sound science, risk, and 
practicality for food handlers.

the ultimate goal of “best practices” for hand 
hygiene procedures is to reduce the risk of foodborne 
disease.  however, food workers must also be able 
to perform their jobs in an efficient manner, and 
food establishments also need the opportunity to 
remain functional and profitable. in an effort to move 
forward with this important public health challenge, it 
will be important to find a balance between science, 
regulations, and the practical considerations associated 
with providing safe, affordable foods produced and 
prepared by the foodservice and retail food industries. 
this can be best accomplished when all stakeholders 
are engaged in the process, motivated and willing to 

make changes that make sense for public health and 
industry as a whole.  improved hand hygiene is clearly 
needed; we all need to make it happen!
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ABSTRACT

Improvement of food worker hand washing practices is critical to the reduction of foodborne illness and is dependent
upon a clear understanding of current hand washing practices. To that end, this study collected detailed observational data on
food worker hand washing practices. Food workers (n � 321) were observed preparing food, and data were recorded on
specific work activities for which hand washing is recommended (e.g., food preparation, handling dirty equipment). Data were
also recorded on hand washing behaviors that occurred in conjunction with these work activities. Results indicated that workers
engaged in approximately 8.6 work activities per hour for which hand washing is recommended. However, workers made hand
washing attempts (i.e., removed gloves, if worn, and placed hands in running water) in only 32% of these activities and
washed their hands appropriately (i.e., removed gloves, if worn, placed hands in running water, used soap, and dried hands)
in only 27% of these work activities. Attempted and appropriate hand washing rates varied by work activity—they were
significantly higher in conjunction with food preparation than other work activities (46 versus �37% for attempted hand
washing; 41 versus �30% for appropriate hand washing) and were significantly lower in conjunction with touching the body
than other work activities (13 versus �27% for attempted hand washing; 10 versus �23% for appropriate hand washing).
Attempted and appropriate hand washing rates were significantly lower when gloves were worn (18 and 16%) than when
gloves were not worn (37 and 30%). These findings suggest that the hand washing practices of food workers need to be
improved, glove use may reduce hand washing, and restaurants should consider reorganizing their food preparation activities
to reduce the frequency with which hand washing is needed.

Food workers can spread foodborne illness in the food
service environment through hand contact with pathogens
from their gastrointestinal tracts or objects or food contam-
inated with pathogens and subsequent passage of pathogens
to food (19). Thus, worker hand contact with foods repre-
sents a potentially important mechanism by which patho-
gens may enter the food supply (10). Indeed, the review by
Guzewich and Ross (10) of 81 foodborne illness outbreaks
attributed to food contaminated by food workers found that
89% of these outbreaks involved the transmission of path-
ogens to food by workers’ hands.

In response to evidence that a substantial proportion of
foodborne illness outbreaks are caused by food contami-
nated by food workers, the U.S. Food and Drug Adminis-
tration (FDA) included guidelines on methods to prevent
food contamination from food workers’ hands in the FDA
Food Code for retail establishments (10, 22). These meth-
ods include hand washing and the prevention or minimi-
zation of bare hand contact with food. Proper hand washing
can significantly reduce the transmission of pathogens from
hands to food and other objects (10, 14, 16). The Food

* Author for correspondence. Tel: 770-488-4332; Fax: 770-488-7310;
E-mail: lgreen@cdc.gov.

Code provides a list of situations in which hands should be
washed, such as before food preparation and after handling
dirty equipment. The Food Code also indicates that hand
washing should take at least 20 s and include running warm
water, soap, friction between hands for 10 to 15 s, rinsing,
and drying with clean towels or hot air.

As hand washing does not remove all pathogens from
hands (2, 5, 6, 10, 16), the Food Code also specifies that
bare hand contact should be prevented when working with
ready-to-eat food (RTE; i.e., foods that are safe to eat with-
out further cooking) and minimized when working with
non-RTE food by the use of barriers such as disposable
gloves, deli tissue, and utensils. Anecdotal evidence sug-
gests that food service establishments most commonly use
disposable gloves as barriers between bare hands and food.
Proper glove use can be effective in decreasing the transfer
of pathogens from hands to food (14, 15). However, some
food safety researchers and practitioners believe that glove
use can promote poor hand washing practices (7, 12). For
example, research suggests that some workers believe that
glove use negates the need for hand washing (9).

Because the transmission of pathogens from food
worker hands to food is a significant contributor to food-
borne illness outbreaks, improvement of food worker hand
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washing practices is critical. Such improvement is depen-
dent upon a clear understanding of current hand washing
practices. This understanding can be obtained through de-
scriptive studies. People tend to overreport the frequency
with which they engage in socially desirable behaviors,
such as safe food preparation practices; thus, it has been
argued that observations, as opposed to self-reports, pro-
vide the best descriptive data concerning the food prepa-
ration practices of food workers (3). Most observational
studies on food worker practices report whether a specific
food preparation practice or regulation violation was ob-
served in food service establishments (1, 13, 18, 23). For
example, the FDA reported that improper hand washing by
employees was observed in 73% of full-service establish-
ments (23). Although such studies are informative, they
typically provide data only on whether specific practices
occur in establishments; they do not provide detailed data
on how often or in what situations these practices occur. A
study by Clayton and Griffith (3) provides these additional
data. They found that, on average, food workers washed
their hands adequately in 9% of those instances in which
they touched their face or hair and in 25% of those instanc-
es in which they touched potentially contaminated objects
(3). Studies such as this provide the detailed descriptive
data needed to understand food workers’ hand washing
practices, yet few such studies have been undertaken.

The present study was designed to collect detailed ob-
servational data on food worker hand washing practices.
Given concerns about glove use and the promotion of poor
hand washing practices, this study also examined the rela-
tionship between glove use and hand washing.

MATERIALS AND METHODS

Restaurants. This study was conducted by the Environmen-
tal Health Specialists Network (EHS-Net), a network of environ-
mental health specialists focused on the investigation of contrib-
uting factors to foodborne illness, including food preparation prac-
tices and hand washing practices. EHS-Net is a collaborative pro-
ject of the Centers for Disease Control and Prevention (CDC), the
FDA, the U.S. Department of Agriculture, and nine states (Cali-
fornia, Connecticut, New York, Georgia, Iowa, Minnesota,
Oregon, Rhode Island, and Tennessee; Colorado also participated
until 2005).

The sample was composed of randomly selected restaurants
located in the catchment areas of six EHS-Net states (Colorado,
Connecticut, Georgia, Minnesota, Oregon, and Tennessee). The
catchment areas were determined by convenience and were com-
posed of from 2 to 20 local public health jurisdictions (e.g., county
and city health departments). In Connecticut, these jurisdictions
included New London and Tolland counties. In Colorado, these
jurisdictions included Boulder, Broomfield, Denver, and Jefferson
counties and the Tri-County area (Adams, Arapahoe, and Douglas
counties). In Georgia, these jurisdictions included Barrow, Bar-
tow, Carroll, Cherokee, Clayton, Cobb, Coweta, DeKalb, Douglas,
Fayette, Fulton, Forsyth, Henry, Gwinnett, Newton, Paulding,
Pickens, Spalding, Rockdale, and Walton counties. In Minnesota,
these jurisdictions included Blue Earth, Carver, Dakota, McLeod,
Olmsted, Scott, Stearns, and Steele counties and the cities of St.
Cloud and St. Paul. In Oregon, these jurisdictions included Co-
lumbia, Hood River, Josephine, Lane, Linn, Lincoln, and Yamhill
counties, and in Tennessee, these jurisdictions included Davidson

County and the city of Nashville. While there is variability among
these jurisdictions in the extent of their adoption of the Food
Code, all had hand washing guidelines similar to the FDA’s, and
none had regulations concerning bare hand contact prevention.

Only restaurants, defined as establishments that prepare and
serve food or beverages to customers but that are not institutions,
food carts, mobile food units, temporary food stands, supermar-
kets, restaurants in supermarkets, or caterers, were eligible for
participation in the study. Only one restaurant from regional or
national chains was included per catchment area.

Data collection. In each restaurant, data collectors conducted
a standardized interview with a manager, owner, or other employ-
ee about restaurant characteristics; visually surveyed the kitchen
and collected information about the physical environment; and
conducted a 55- to 60-min observation of a worker who was pre-
paring food. Workers who were engaged in food preparation and
who could be observed relatively unobtrusively were chosen for
observation. To limit the observers’ influence on food workers,
observed workers were not made aware of precisely which aspects
of their behavior were being recorded. The observation method
used was derived from the notational analysis observation method
developed by Clayton and Griffith (3). No data were collected
during the first 10 to 15 min of this observation to give workers
time to adjust to their observer. During the remaining 45 to 50
min of the observation, data collectors recorded data on specific
work activities for which hand washing is recommended and the
hand washing behaviors associated with those work activities. The
work activity types were derived from the 2001 Food Code (22)
and are described in Table 1. For the activities of preparing food
and putting on gloves for food preparation, hand washing should
occur before the activities; for all other activities (preparing raw
animal products; eating, drinking, or using tobacco; coughing,
sneezing, or using tissue; handling dirty equipment; and touching
human body parts other than clean hands or arms), hand washing
should occur after the activity and before beginning another task.
(Data were also collected on the activity of preparing raw produce;
however, because of inconsistencies in the way specialists defined
raw produce, these data were excluded from analysis.)

Data collectors also collected data on hand washing behav-
iors that occurred in conjunction with (either before or after the
activity, depending on the activity) each of the observed work
activities. They recorded whether workers placed their hands un-
der running water, whether they used soap and dried their hands,
how they dried their hands (e.g., paper towel, cloth towel, clothes),
and whether gloves were worn and removed at the point at which
hand washing should occur. Data were also recorded on whether
hand sanitizer was used; those data are not reported here. Given
the difficulties associated with observing workers’ hand washing
activities after use of the toilet room, data were not collected on
these activities. Additionally, given concerns about the amount
and type of data that data collectors could effectively observe and
record, data were not collected on the length of time hands were
placed under running water, the temperature of the water, or
whether workers created friction between their hands during hand
washing.

Before data collection, the study protocol was reviewed and
approved by the CDC’s Institutional Review Board and the ap-
propriate institutional review boards in the six participating states.
Additionally, all data collectors participated in training designed
to promote coding consistency. They watched a videotape show-
ing vignettes of food workers engaging in specific work and hand
washing activities and then coded the activities by the study’s
coding scheme. The videotape also described how the activities
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TABLE 1. Work activities for which observational data were collected

Work activity Description When hand washing should occur

Food preparation Engaging in food preparation, including working with
exposed food, cleaning equipment and utensils, and
unwrapping single-use articles

Before the activity

Putting on gloves for food
preparation

Putting on gloves to engage in food preparation (see
above)

Before the activity

Preparing raw animal prod-
ucts

Preparing raw animal products (animal products that
have not been cooked or processed, such as uncooked
eggs, meat, poultry, and fish)

After the activity and before begin-
ning another activity

Eating, drinking, using to-
bacco

Eating, drinking, or using tobacco (drinking is accept-
able from a closed beverage container if the container
is handled to prevent contamination of hands)

After the activity and before begin-
ning another activity

Coughing, sneezing, using
tissue

Coughing, sneezing, or using a handkerchief or dispos-
able tissues

After the activity and before begin-
ning another activity

Handling dirty equipment Handling dirty equipment, utensils, or cloths After the activity and before begin-
ning another activity

Touching body Touching human body parts other than clean hands and
clean, exposed arms

After the activity and before begin-
ning another activity

TABLE 2. Number and percentage of work activities for which
hand washing behaviors occurred (N � 2,195)

Hand washing behavior n %

Removed gloves, if worn, and placed hands
under running water (i.e., attempted hand
washing) 707 32

Removed gloves, if worn, placed hands un-
der running water, and used soap 612 28

Removed gloves, if worn, placed hands un-
der running water, and dried hands with
paper or cloth towels 691 31

Removed gloves, if worn, placed hands un-
der running water, and dried hands on
clothes 7 �1

Removed gloves, if worn, placed hands un-
der running water, and did not dry hands 37 2

Removed gloves, if worn, placed hands un-
der running water, used soap, and dried
hands on paper or cloth towels (i.e., ap-
propriate hand washing) 588 27

should be coded so that the data collectors could ensure their
coding was accurate. Subsequent tests of coding consistency of
12 hand washing behaviors described in four written scenarios
indicated that the data collectors’ coding agreement was 100% for
eight behaviors, 88% for three behaviors, and 50% for one be-
havior.

Data analysis. Data analysis focused on the proportion of all
work activities in which hand washing occurred. For the purposes
of this study, we focused on two hand washing measures: (i) at-
tempted hand washing, defined as removing gloves, if worn, and
placing hands under running water; and (ii) appropriate hand
washing, defined as removing gloves, if worn, placing hands un-
der running water, using soap, and drying hands with paper or
cloth towels. (Hot air was also considered an acceptable drying
method; however, this method was not observed.) We also con-
ducted t tests to determine if there were any differences in hand
washing practices by work activity type and glove use. Because
the workers engaged in multiple work activities over the obser-

vation period, the work activities in which each worker engaged
were treated as repeated measures. Analyses were conducted with
the SUDAAN software package (RTI International, Research Tri-
angle Park, N.C.) to account for the repeated-measures aspect of
these data. Because of the low frequency of their occurrence, the
categories of eating, drinking, or using tobacco and coughing,
sneezing, or using tissue were combined into one category called
eating/coughing for all analyses.

RESULTS

Restaurant demographics. Of the 1,073 establish-
ments we contacted, 808 were eligible to participate (i.e.,
met our definition of a restaurant, were open for business,
and did not belong to a chain that already had a partici-
pating restaurant). Of these, 333 agreed to participate,
yielding a response rate of 41%. Because of missing ob-
servation data, data are reported on 321 restaurants. A total
of 196 (61%) of these restaurants were independently
owned, and 121 (38%) were chains or franchises. Owner-
ship information was not obtained for four (1%) restaurants.
The restaurants in the sample served a median of 150 meals
per day (25% quartile � 75; 75% quartile � 322).

Work activities. The median observation length per
worker was 48 min (25% quartile � 45; 75% quartile �
48). Observed workers engaged in 2,195 work activities for
which hand washing is recommended. The median number
of work activities observed per hour per worker was 8.6
(25% quartile � 5; 75% quartile � 12.3).

Hand washing behaviors. In 532 (24%) of the 2,195
work activities that needed hand washing, workers were
wearing gloves at the point at which hand washing should
occur. Thus, any hand washing attempt would require that
these workers first remove their gloves. Gloves were re-
moved at the point hand washing should occur in 192
(36%) of 532 activities in which they were worn.

Workers removed their gloves, if worn, and placed
their hands under running water (i.e., attempted hand wash-
ing) in 32% of work activities (Table 2). Along with re-
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moving gloves and placing their hands under running water,
workers used soap in 28% of work activities; dried their
hands with paper or cloth towels in 31% of work activities;
dried their hands on their clothes in less than 1% of work
activities; and did not dry their hands at all in 2% of work
activities. Workers removed their gloves, if worn, placed
their hands under running water, used soap, and dried their
hands with paper or cloth towels (i.e., appropriate hand
washing) in 27% of work activities.

Attempted hand washing. Attempted hand washing
varied by work activity. Specifically, attempted hand wash-
ing proportions were significantly larger before food prep-
aration than in conjunction with any other activity; signif-
icantly larger before putting on gloves for food preparation
than after handling dirty equipment; and significantly small-
er after touching the body than in conjunction with any
other activity (Table 3).

Attempted hand washing also varied by glove use—
attempted hand washing proportions were significantly
larger in work activities in which gloves were not worn at
the point hand washing should occur (i.e., nonglove work
activities) than in work activities in which gloves were
worn at the point hand washing should occur (i.e., glove
work activities), P � 0.01. This pattern of significant dif-
ferences in attempted hand washing by glove use was also
found for the individual work activity types of food prep-
aration, handling dirty equipment, and preparing raw ani-
mal products, P � 0.01.

In nonglove work activities, attempted hand washing
proportions were significantly larger before food prepara-
tion than in conjunction with any other activity; signifi-
cantly larger before putting on gloves for food preparation
than after handling dirty equipment; and significantly small-
er after touching the body than in conjunction with any
other activity (Table 3). In glove work activities, attempted
hand washing proportions were significantly larger before
food preparation and putting on gloves for food preparation
than after handling dirty equipment and touching the body
and after preparing raw animal products than after touching
the body.

Appropriate hand washing. Appropriate hand wash-
ing varied by work activity. Specifically, appropriate hand
washing proportions were significantly larger before food
preparation than in conjunction with any other activity; sig-
nificantly larger before putting on gloves for food prepa-
ration than after handling dirty equipment; and significantly
smaller after touching the body than in conjunction with
any other activity (Table 4).

Appropriate hand washing also varied by glove use—
appropriate hand washing proportions were significantly
larger in nonglove work activities than in glove work ac-
tivities, P � 0.01. This pattern of significant differences in
appropriate hand washing by glove use was also found for
all individual work activity types, except for eating/cough-
ing, P � 0.01.

In nonglove work activities, appropriate hand washing
proportions were significantly larger before food prepara-
tion than in conjunction with any other activity and signif-
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icantly smaller after touching the body than in conjunction
with any other activity (Table 4). In glove work activities,
appropriate hand washing proportions were significantly
larger before food preparation and putting on gloves for
food preparation than after handling dirty equipment and
touching the body; significantly larger before putting on
gloves for food preparation than after preparing raw animal
products; and significantly larger after preparing raw animal
products than after touching the body.

DISCUSSION

Rates of food worker hand washing were relatively low
in this study, suggesting that workers either do not know
when to wash their hands or sometimes choose not to wash
their hands. However, appropriate hand washing rates were
only five percentage points lower than attempted hand
washing rates (27 versus 32%), indicating that when work-
ers do attempt to wash their hands, they usually use running
water and soap and dry their hands with cloth or paper
towels. Additionally, workers dried their hands in 31% of
activities but used soap in only 28% of activities, indicating
that when workers omit a component of hand washing, it
is usually soap.

Attempted and appropriate hand washing rates were
significantly higher before food preparation than in con-
junction with other work activities. These results are not
surprising—washing hands before preparing food is likely
one of the best known guidelines concerning hand washing.
These results are also positive in that they indicate that at
least some workers may be aware that food needs to be
protected from contamination from hands.

Attempted and appropriate hand washing rates tended
to be significantly lower after touching body parts than in
conjunction with other activities. Workers may not consider
it feasible to stop their work to wash their hands after they
have touched themselves or may not even realize when they
have touched themselves. Risk of hand contamination with
pathogens is likely to vary by body part; for example, it
may be less risky to touch the neck than to touch the nose
or mouth. We did not collect data on specific body parts
touched; additional studies on this topic would be useful.

The activities included in the eating/coughing work ac-
tivity category (eating, drinking, using tobacco, coughing,
sneezing, and using a tissue) are likely to involve hand-to-
mouth contact and could potentially entail a relatively high
risk of hand contamination with pathogens. It is discour-
aging that workers washed their hands only about one third
of the time after eating/coughing. Yet, it is encouraging that
hand washing rates were significantly higher after eating/
coughing than after touching the body, as this finding sug-
gests that workers see a distinction between touching their
mouths and other potentially less risky body parts.

Perhaps one of the more disturbing findings is that
hands were washed appropriately after only 23% of activ-
ities in which raw animal products were prepared. This ac-
tivity is arguably one of the riskiest food preparation prac-
tices; depending on the activities in which workers engage
after preparing raw animal products, those who do not wash
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their hands could contaminate work surfaces, equipment, or
RTE food with pathogens found in raw animal products.

The pattern of findings concerning hand washing and
glove use indicated that (i) workers who were wearing
gloves at the point hand washing should occur were less
likely to wash their hands than workers who were not wear-
ing gloves at that point and (ii) workers who were going
to be wearing gloves during their work activities were less
likely to wash their hands before those activities than work-
ers who were not going to be wearing gloves during their
work activities. These findings support the contention that
glove use may reduce hand washing. However, this study
does not allow us to make causal inferences about the re-
lationship between glove use and hand washing—we can-
not determine if wearing gloves caused workers to wash
their hands less frequently or if there is some other expla-
nation for this relationship. More research is needed to de-
termine the causal nature of this relationship.

Risk of contamination associated with lack of hand
washing likely varies by work activity. For example, failing
to wash hands after preparing raw animal products is likely
to be riskier than failing to wash hands after touching the
body. Additionally, risk varies according to the sequence of
work activities. For example, failure to wash hands after
preparing raw animal products is likely to be riskier if the
worker’s next activity is preparing RTE foods than if the
worker’s next activity is handling dirty equipment. This
study did not assess work activity sequence; additional
studies in this area are needed to further understand food
worker hand washing practices.

The findings reported here indicate that the hand wash-
ing practices of food workers need to improve. Understand-
ing current practices is an important step in developing suc-
cessful improvement programs, and this study contributes
to that effort. However, researchers and health practitioners
have noted that efforts to successfully change food safety
behavior must be multidimensional and address the range
of personal, social, and environmental factors that influence
behavior (4, 8, 20, 21). More study is needed to determine
the range of factors that affect hand washing behavior and
the intervention strategies that could most effectively im-
prove this behavior.

Limitations of this study include the following: the rel-
atively low response rate, which may have resulted in an
overrepresentation of better and safer restaurants in the
sample; the lack of data collection on several aspects of
hand washing that have been shown to affect hand washing
effectiveness or are considered important by the FDA (e.g.,
water temperature, hand washing length, whether workers
created friction between their hands and used a nail brush)
(10, 14, 16, 22); and the fact that the observed workers’
behavior may have been affected by the observation. How-
ever, it is unlikely that these conditions would have caused
worker hand washing practices to appear less prevalent than
they are in reality; indeed, it is more likely that these con-
ditions caused hand washing practices to appear more prev-
alent than they are in reality.

Workers in this study engaged in approximately 8.6
activities per hour for which hand washing should have

occurred. Workers in the study by Clayton and Griffith (3)
engaged in approximately 17 such activities per hour. This
higher rate is likely explained by the fact that Clayton and
Griffith did not limit their observations to specific activities
as we did and instead examined every food worker action.
Additionally, because they videotaped food workers, Clay-
ton and Griffith were probably more effective at recording
all worker actions. Assuming 20-s hand washings, a rate of
8.6 hand washings per hour represents almost 3 min of hand
washing per hour, and a rate of 17 hand washings per hour
represents 6 min of hand washing per hour. These time
estimates are likely to be conservative because they do not
take into account the time workers need to get to and from
hand sinks. Given the time pressure inherent in the food
service industry and that food workers have identified time
pressure as a significant barrier to hand washing (4, 9, 11),
devoting this much time to hand washing may seem unfea-
sible to food workers and managers. Clayton and Griffith
(3) suggested that restaurants would benefit from evaluating
their food preparation activities to determine if they could
be reorganized to decrease the number of activities that re-
quire hand washing. This reduction in needed hand wash-
ings should decrease the time pressure for food workers and
increase the likelihood that they will engage in the remain-
ing needed hand washings. Environmental health specialists
responsible for restaurant food safety could assist restau-
rants in such evaluations.

The extended observations undertaken for this study
provided detailed information about how often and in what
situations food workers engage in hand washing activities.
Such information is valuable for improving hand washing
practices, as it permits the identification of areas in need of
improvement and subsequent targeted interventions in those
areas. Although restaurant inspections typically include ob-
servations of food workers (17), most do not include the
collection of detailed data on their activities. Given the po-
tential value of these data, food safety programs may wish
to consider the feasibility of the occasional use of methods
such as the one used in this study to allow a thorough
assessment of food worker hand hygiene behaviors.
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ABSTRACT

Food workers in many settings have been responsible for foodborne disease outbreaks for decades, and there is no
indication that this is diminishing. The Committee on Control of Foodborne Illnesses of the International Association for Food
Protection was tasked with collecting and evaluating any data on worker-associated outbreaks. A total of 816 reports with
80,682 cases were collected from events that occurred from 1927 until the first quarter of 2006. Most of the outbreaks reviewed
were from the United States, Canada, Europe, and Australia, with relatively few from other parts of the world, indicating the
skewed set of data because of availability in the literature or personal contact. Outbreaks were caused by 14 agents: norovirus
or probable norovirus (338), Salmonella enterica (151), hepatitis A virus (84), Staphylococcus aureus (53), Shigella spp. (33),
Streptococcus Lancefield groups A and G (17), and parasites Cyclospora, Giardia, and Cryptosporidium (23). Streptococcal,
staphylococcal, and typhoid outbreaks seem to be diminishing over time; hepatitis A virus remains static, whereas norovirus
and maybe nontyphoidal Salmonella are increasing. Multiple foods and multi-ingredient foods were identified most frequently
with outbreaks, perhaps because of more frequent hand contact during preparation and serving.

The Centers for Disease Control and Prevention (CDC)
estimates there are up to 76 million cases of foodborne
illness each year in the United States (31), and some other
countries report similarly large numbers. The contribution
of the infected food worker (whether symptomatic or not)
to these cases has been difficult to establish. Bryan (4) not-
ed that in 18% of 766 outbreaks occurring between 1961
and 1982, a colonized food worker had touched the impli-
cated food. However, the infected food worker was docu-
mented as responsible for only 7% of the salmonellosis
outbreaks in England and Wales over a 10-year period (42).
More recently, the CDC estimated that 20% of foodborne
illnesses caused by bacterial agents are a result of trans-
mission from the infected worker (51), which is similar to
the earlier percentage of outbreaks determined by Bryan
(4). In many outbreaks, it was unclear whether the workers
were the cause or the victims of the infections (12, 14).
This is partly because the outbreaks are not thoroughly
enough investigated and partly because the disease trans-
mission patterns are complex. More specifically, investi-
gations are often hampered because (i) there is too long a
delay between the outbreak event and the start of the in-

* Author for correspondence. Tel: 517-432-3100; Fax: 517-432-2310;
E-mail: toddewen@cvm.msu.edu.

vestigation, with the likelihood that the persons involved in
the outbreak are no longer available for further questioning
or have forgotten the details; (ii) the information is limited
because of language difficulties or poor employee com-
munication skills; or (iii) there is ineffective questioning by
the investigators (26, 39, 53).

Many of the outbreaks reported in the literature where
the contribution of the food worker to the case numbers
was investigated were decades old; there appears to be less
interest today in reporting details. This could be because it
is assumed that we know all there is to understand about
worker involvement, and there are fewer resources assigned
to make complete investigations, especially for small out-
breaks. However, because outbreaks involving food work-
ers still continue today, there is a need for a more compre-
hensive assessment of the role they play in disease trans-
mission. For instance, in the Lansing, Michigan, area, there
were three large outbreaks involving restaurants in the
spring of 2006 in which food workers were known or sus-
pected to have been the cause of approximately 800 noro-
virus infections (18, 43).

A review on the involvement of the ill or asymptomatic
food worker in foodborne illness outbreaks was initiated as
a project of the Committee on Control of Foodborne Ill-
nesses of the International Association for Food Protection
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(IAFP). The Committee on Control of Foodborne Illnesses
decided that the database should include outbreak data from
homes, restaurants, institutions, processing plants, and
farms from both the United States and other countries.
However, it was recognized that the review was far from a
complete analysis of all the available information, and this
article should be considered an initial report. The goal of
the study was to develop an understanding of the dynamics
of transmission of infectious agents to and from the food
worker in a variety of settings. The Committee on Control
of Foodborne Illnesses approached the task with the pre-
mise that all foodborne illness is fundamentally preventable
and that by influencing human behavior, there will be fewer
opportunities for the spread of infectious disease agents
and, thus, human infections.

This article is the first of a series of several that review
the role of food workers in foodborne outbreaks. It contains
the rationale for reviewing the data, the methodology used,
and a summary of the general results. The remaining arti-
cles will categorize the outbreaks by worker involvement,
risk factors, and means of prevention.

METHODS

Review of existing literature and criteria used. Outbreak
data available from 1927 to the present were obtained in which
food workers were reported to have been instrumental or at least
contributory to an outbreak. An outbreak was defined as two or
more persons infected or intoxicated after consuming a food that
had been linked epidemiologically or microbiologically to the ill
persons. Water and ice used in beverages are included as food.
Secondary cases arising from contact with any of those who be-
came ill because of contaminated food or contact with an infected
food worker were noted and excluded in the listed case numbers.
The term food worker is used in this context to describe individ-
uals who harvest, process, prepare, and serve food. By definition,
the task of food handlers is more limited to preparation and serv-
ing duties, but both worker and handler are often used inter-
changeably in investigative reports and in the literature. Thus, we
use food worker to describe both worker and handler in this study.

Criteria for selection of outbreaks. The data used in as-
sessing the role of the food worker in outbreaks were derived from
a variety of published and unpublished sources. These articles
were identified through searches of whole text abstracts and out-
break summaries documented by MEDLINE with key words or
phrases pertaining to foodborne illness in various segments of the
food industry, including restaurants, delicatessens, hospitals, ca-
tering establishments, cruise ships, airplanes, trains, camps, cafe-
terias, and homes, and were as follows: food preparer, food han-
dler, food worker, ill worker, ill employee, asymptomatic carrier,
infected employee, excreter, kitchen help, family transmission,
household illness, household transmission, outbreak, hand con-
tamination, and cross-contamination. In addition, searches were
made by specific disease, e.g., salmonellosis, linked with worker,
handler, staff, and food service. Food-associated key words were
seafood, poultry, bakery goods, cheese and dairy, produce, salads,
sandwiches, meat, hors d’oeuvres, and ready-to-eat (RTE) food.
We also requested and obtained outbreak data over a multiyear
period from the states of Michigan (2000 to 2003), Minnesota
(1999 to 2004), New York (1985 to 2000), and Washington (1990
to 2003). Because one of us (C.A.B.) was employed by the Wash-
ington Department of Health and was involved with foodborne

disease investigations during this time frame, much additional in-
formation came from personal communication. Data from indi-
vidual states were received in the form of line listings through the
respective state Departments of Health and, for Michigan, also
from the Department of Agriculture. Line listings were also ob-
tained from annual reports of foodborne and waterborne disease
outbreaks published by Health Canada (1976 to 1996). Line list-
ings are summaries of narrative reports of outbreaks in a tabular
format, typically expressed in a few lines of text, with informa-
tion, when available, on etiological agent, date of onset, location,
food mishandling location, food vehicle, number of persons ill
and number exposed, incubation period, duration, symptoms, lab-
oratory data, factors contributing to the outbreak, and other rele-
vant data.

Most of these outbreaks showed a factor such as handling by
an infected person or carrier of a pathogen. However, a few se-
lected outbreaks were included where strong epidemiological data
suggested that food workers were the likely source of the patho-
gen, but all food workers denied illness, or else the patrons them-
selves, rather than the food workers, were identified as the likely
source of the pathogen. These line listings may or may not have
been accompanied by more detailed information through separate
reports or appendices; however, these were rarely available to the
reviewers. All these sources were reviewed by the authors, and
selections were made on the basis of the completeness and rele-
vance of the information. Even so, it was recognized that the role
of the worker in some reports was much more clearly stated than
in others. References and other comments were obtained from
existing reviews (19, 32, 46).

Criteria for selection of factors contributing to the out-
breaks. The authors searched the available information from the
outbreaks selected for review, whether contained in a peer-re-
viewed publication, line listing, or narrative, for any pertinent fac-
tors that contributed to the occurrence of the outbreaks. These
were written in English or translated from another language. The
data could be evaluated only as presented. So, undoubtedly, some
data were missed or not included in some of the reviewed ac-
counts. One key aspect of outbreak investigation is the identifi-
cation of factors contributing to outbreaks. CDC form 52.13 (Re-
vised 11-2004), ‘‘Investigation of a Foodborne Outbreak,’’ was
the basis for the majority of the factors used in this study (11).
The factors identified in the form are based on earlier research
done by Bryan and others on factors related to foodborne out-
breaks (5, 6, 52) and are coded C, P, and S. Factors identified
with a ‘‘C’’ are contamination factors, while those with a ‘‘P’’
refer to factors that allow proliferation or amplification of bacterial
pathogens. An ‘‘S’’ designates factors that allow pathogens to sur-
vive in the food. In addition, another factor was used from the
Washington State Health Department coded as C-15, ‘‘failure to
properly wash hands when necessary.’’ C-15 included some of the
following types of observations: food workers’ hands were not
washed after using the toilet; running water was not available for
hand washing; no soap or towels were used; or food workers
failed to wash their hands after contaminating events occurred
(e.g., handling raw meat). Factors reported as linked to an out-
break should have occurred near the time of that outbreak. If the
factors were observed either earlier or later (e.g., during routine
inspections), they would not be reported, although sometimes it
is not possible to tell exactly when observations were made re-
garding factors in the reports. Frequently, during the investigation
of viral or parasitic outbreaks, P factors related to temperature
abuse or conducive to bacterial growth were excluded, because
viruses or parasites do not grow in foods, even though they were
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TABLE 1. Number of outbreaks and cases involving food work-
ers by decade

Decade No. of outbreaks No. of cases

1920s 1 138
1930s 0 0
1940s 1 18
1950s 1 600
1960s 10 1,958
1970s 73 5,791
1980s 191 31,413
1990s 306 24,736
2000–2006a 233 16,028

Total 816 80,682

a Very few outbreaks were utilized for this study in 2006, because
reports had not yet been written up.

TABLE 2. Pathogens identified in outbreaks and cases involving
food workers

Agents
No. of

outbreaks (%)
No. of

cases (%)

Viral 491 (60.2) 37,778 (46.8)
Norovirus 274 (33.6) 27,081 (33.6)
Hepatitis A virus 84 (10.3) 5,046 (6.3)
Viral/probable norovirus 64 (7.8) 2,085 (2.6)
Unknown viral 57 (7.0) 2,148 (2.7)
Rotavirus 12 (1.5) 1,418 (1.8)

Bacterial 280 (34.3) 38,536 (47.8)
Salmonella (nontyphoidal) 130 (15.9) 9,136 (11.3)
Salmonella Typhi 21 (2.6) 757 (0.9)
Staphylococcus aureus 53 (6.5) 6,423 (8.0)
Shigella spp. 33 (4.0) 15,276 (18.9)
Streptococcus groups A and G 17 (2.1) 3,670 (4.5)
Vibrio cholerae 11 (1.3) 2,399 (3.0)
Yersinia enterocolitica 7 (0.9) 532 (0.7)
Campylobacter jejuni 5 (0.6) 238 (0.3)
Escherichia coli O157:H7 and

O6:H16 enterotoxigenic E.
coli 3 (0.4) 105 (0.1)

Parasitic 23 (2.8) 3,852 (4.8)
Cyclospora cayetanensis 11 (1.3) 3,393 (4.2)
Giardia lamblia/intestinalis 9 (1.1) 302 (0.4)
Cryptosporidium spp. 3 (0.4) 157 (0.2)

Unknown 22 (2.7) 516 (0.6)

Total 816 (100.0) 80,682 (100.0)

noted in the investigative reports. These same factors, however,
were included in reviewed outbreaks of bacterial etiology.

Factors listed in the outbreak reports involving food workers
were as follows:

(i) C-6 Raw products and ingredients contaminated by path-
ogens from animals or the environment (e.g., Salmonella Enteri-
tidis in egg, Norwalk [norovirus] in shellfish, Escherichia coli in
sprouts);

(ii) C-7 Ingestion of contaminated raw product (e.g., raw
shellfish, produce, eggs);

(iii) C-9 Cross-contamination from raw ingredients of ani-
mal origin;

(iv) C-10 Bare-hand contact by handler, worker, or preparer
(e.g., with RTE foods);

(v) C-11 Glove-hand contact by handler, worker, or preparer
(e.g., with RTE foods);

(vi) C-12 Handling by an infected person or carrier of path-
ogen;

(vii) C-13 Inadequate cleaning of processing, preparation
equipment, or utensils leading to contamination of vehicle (e.g.,
cutting boards);

(viii) C-15 Failure to properly wash hands when necessary;
(ix) P-1 Allowing foods to remain at room or warm outdoor

temperature for several hours (e.g., during preparation or holding
for service);

(x) P-2 Slow cooling (e.g., deep containers or large roasts);
(xi) P-3 Inadequate cold-holding temperatures (e.g., refrig-

erator inadequate or not working, iced holding inadequate);
(xii) P-4 Preparing foods a half day or more before service

(e.g., banquet preparation a day in advance);
(xiii) P-6 Insufficient time and temperature during hot hold-

ing (e.g., malfunctioning equipment, too large a mass of food);
(xiv) S-1 Insufficient time and temperature during initial

cooking and heat processing (e.g., roasted meats and poultry,
canned foods, pasteurization);

(xv) S-4 Insufficient thawing followed by insufficient cook-
ing (e.g., frozen turkey).

Criteria for pathogen identification. Some of the outbreaks
listed were determined only on epidemiological grounds, while
others were determined on the basis of laboratory analyses, to-
gether with some epidemiology. Analytical methods are rarely
mentioned, except in peer-reviewed publications. However, it is
assumed that state and national laboratories use standard methods

that are developed through an approved process and are approx-
imately equivalent. Most of the methods will not have changed
much during the past few decades except for the introduction of
PCR technology. However, because most agencies are required to
isolate a pathogen, standard enrichment (where necessary) and
selective media were still used for picking colonies, with subse-
quent identification by biochemical tests and serology, even if
PCR was used for screening samples. One major exception for
change over time is noroviruses. It has long been recognized that
enteric viruses, especially those in the Norwalk-like group, are an
important cause of morbidity and probably responsible for many
foodborne outbreaks. Mead et al. (31) believed that 40% of no-
rovirus infections in the United States are foodborne, whereas
Adak et al. (1) reckoned that only 10.7% were transmitted through
food in the United Kingdom. Diagnosis was mainly on epidemi-
ological characteristics, and Kaplan et al. (24) developed criteria
to identify norovirus outbreaks in a standard way. The criteria
consist of four points: (i) vomiting in more than 50% of the af-
fected individuals, (ii) mean or median incubation period of 24
to 48 h, (iii) mean or median duration of illness of 12 to 60 h,
and (iv) no bacterial pathogen isolated from stool culture. Re-
cently, Turcios et al. (50) evaluated these criteria confirming their
utility, and when all components are assessed during an investi-
gation, the criteria provide a 99% specificity rate. These criteria
have proved useful over the years; for instance, a large number
of the Washington Department of Health outbreaks listed in this
report were confirmed epidemiologically as norovirus by the Kap-
lan criteria. The second advance was laboratory confirmation of
Norwalk and Norwalk-like viruses and their consolidation into
one group—the noroviruses. During the 1980s and first half of
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TABLE 3. Pathogens identified in outbreaks involving food workers by decade

1920s 1940s 1950s 1960s 1970s 1980s 1990s 2000s Total

Viral agents

Norovirusa 4 60 87 122 273
Hepatitis A virus 3 10 26 31 14 84
Viral/probable norovirus 3 56 6 65
Viral (unknown species) 3 19 35 57
Rotavirus 9 1 2 12

Bacterial agents

Salmonella (nontyphoidal) 23 32 46 29 130
Salmonella Typhi 1 4 3 8 4 1 21
Staphylococcus aureus 23 13 11 6 53
Shigella spp. 1 2 11 14 5 33
Streptococcus group A 1 1 2 3 7 3 17
Vibrio cholerae 1 7 3 11
Yersinia enterocoliticaa 3 3 1 7
Campylobacter jejunib 2 2 1 5
Escherichia coli O157:H7

and other Shiga toxin-
producing E. colib 1 2 3

Parasitic agents

Cyclospora cayetanensisc 7 4 11
Giardia lamblia/intestinalis 1 4 2 2 9
Cryptosporidium spp.b 3 3

Unknown 2 14 6 22

Total 1 1 1 10 73 191 306 233 816

a,b,c Emerging foodborne pathogens first identified in the 1970s, 1980s, and 1990s, respectively.

TABLE 4. Geographic distribution of outbreaks involving food
workers

Geographic region
No. (%)

of outbreaks
No. (%)
of cases

United States 647 (79.3) 54,888 (68.0)
Canada 62 (7.6) 3,320 (4.1)
Europe 63 (7.7) 7,694 (9.5)
Australia/Asia 27 (3.3) 4,680 (5.8)
Middle East 3 (0.4) 400 (0.5)
Latin America/Caribbean 6 (0.7) 5,408 (6.7)
Africa 4 (0.5) 2,394 (3.0)
Unknown 2 (0.2) 55 (0.1)
Multiple countries 2 (0.2) 1,843 (2.3)

Total 816 (100) 80,682 (100)

the 1990s, norovirus outbreaks were seldom confirmed in the lab-
oratory because of complicated serologic or direct electron micro-
scope examinations, which only a very few laboratories attempted
to do. This changed during the past decade with the advent and
widespread use of reverse transcriptase–PCR tests (37); this is the
main reason for a dramatic increase in outbreaks confirmed as
caused by noroviruses in the past few years.

RESULTS

Epidemiological data. A total of 816 outbreaks were
selected out of the many reviewed that had some evidence
of food worker involvement, and these were summarized
in line listings that were somewhat different from the state

or Canadian reports, excluding such data as symptoms.
Lines contain the following information on each of the out-
breaks: implicated food vehicle, etiological agent, setting
where the food was prepared, all reported cases and wheth-
er these were epidemiologically or laboratory confirmed,
factors that contributed to the outbreak (for those in the
United States, the CDC factors are listed; see above), num-
ber of ill workers, a short narrative of the outbreak, and the
scientific reference. The complete line that lists all 816 out-
breaks with the appropriate references reviewed in this and
the following two articles is available on the IAFP website.
Because the study describes outbreaks in which food work-
ers were implicated, the main risk factor was the CDC-
assigned category C-12, but this applied only to outbreaks
in the United States, although similar factors were reported
for outbreaks in other countries. The 816 outbreaks with
80,682 cases occurred between 1927 and 2006. The number
of outbreaks involving workers increased to a maximum in
the 1990s. In the 1920s, 1940s, and 1950s, only one out-
break was documented per decade (Table 1). In the suc-
ceeding decades, the numbers were as follows: 1960s, 10;
1970s, 73; 1980s, 191; 1990s, 306; and for the first 6 years
in the 2000s, 233, which has the potential to be the highest
number of any decade, assuming the same proportion is
reported during the next 4 years (233 � 10/6 � 388). Thus,
this trend is ever increasing and should give concern to
managers of food operations and local health authorities.
Before the 1960s, the number of outbreaks reported was
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TABLE 5A. Food categories and viral agents associated with outbreaks where food workers were implicated

Food category

No. (%)

Norovirus

Outbreaks Cases

Probable norovirus

Outbreaks Cases

Meats 8 (2.9) 441 (1.7)
Poultry 1 (0.4) 67 (0.2) 1 (1.6) 15 (0.7)
Eggs 1 (1.6) 7 (0.3)
Dairy 4 (1.5) 4,048 (14.9)
Seafood 3 (1.1) 31 (0.1) 1 (1.6) 53 (2.5)
Breads and bakery 12 (4.4) 4,037 (14.9) 3 (4.7) 169 (8.1)
Produce 44 (16.1) 3,856 (14.2) 2 (3.1) 57 (2.7)
Beverages 8 (2.9) 353 (1.3) 5 (7.8) 291 (14.0)
Multi-ingredient foods 175 (63.9) 13,554 (50.0) 47 (73.4) 1,411 (67.7)
Other 19 (6.9) 694 (2.6) 4 (6.3) 82 (3.9)

Total 274 (100) 27,081 (100) 64 (100) 2,085 (100)

TABLE 5B. Food categories and bacterial agents associated with outbreaks where food workers were implicated

Food
category

No. (%)

Salmonella

Outbreaks Cases

Staphylococcus aureus

Outbreaks Cases

Shigella spp.

Outbreaks Cases

Streptococcus spp.

Outbreaks Cases

Meats 12 (7.9) 1,043 (10.6) 7 (13.2) 276 (4.3) 2 (6.0) 1,161 (7.6)
Poultry 18 (11.9) 730 (7.4) 6 (11.3) 203 (3.2) 2 (6.1) 37 (0.2) 1 (5.9) 72 (2.0)
Eggs 8 (5.3) 243 (2.5) 6 (11.3) 535 (8.3) 4 (23.5) 1,108 (30.2)
Dairy 1 (0.7) 132 (1.3) 2 (3.8) 27 (0.4)
Seafood 11 (7.3) 413 (4.2) 2 (6.1) 64 (0.4) 3 (17.6) 1,563 (42.6)
Breads and bakery 4 (2.6) 149 (1.5) 4 (7.5) 148 (2.3) 1 (3.0) 12 (0.1)
Produce 7 (4.6) 1,263 (12.8) 3 (5.7) 122 (1.9) 7 (21.2) 2,715 (17.8)
Beverages 3 (2.0) 152 (1.5)
Multi-ingredient 71 (47.0) 4,544 (45.9) 24 (45.3) 4,966 (77.3) 14 (42.4) 8,012 (52.4) 8 (47.1) 892 (24.3)
Other 16 (10.6) 1,224 (12.4) 1 (1.9) 146 (2.3) 5 (15.2) 3,275 (21.4) 1 (5.9) 35 (1.0)

Total 151 (100) 9,893 (100) 53 (100) 6,423 (100) 33 (100) 15,276 (100) 17 (100) 3,670 (100)

low, likely because of the lack of resources for imple-
menting surveillance systems, the lack of interest by public
health authorities, or both. However, we also recognize that
since the 1970s, there has been a dramatic increase in the
number of restaurant outlets in most developed countries
and, today, throughout the world. This is especially true of
the fast food chains, both in variety and quantity. We record
324 restaurant outbreaks, of which at least 10 were fast
food, in which food workers were implicated.

Agents involved in the outbreaks where food work-
ers were implicated. Fourteen (14) different genera of vi-
ruses, bacteria, and parasites representing many species
were identified as the etiologic agents in the 816 outbreaks
(Table 2). Viruses caused 491 (60.2%) outbreaks; of these,
274 were norovirus (previously called Norwalk, Norwalk-
like viruses, and small round structured viruses) (27,081
cases); 64 were probable norovirus (2,085 cases); 84 were
hepatitis A virus (HAV) (5,046 cases); 12 were rotavirus
(1,418 cases); and 57 were unidentified viruses causing gas-
trointestinal illness (2,148 cases). Noroviruses and probable
noroviruses accounted for 338 outbreaks (41.4% of the to-
tal) and 29,166 cases (36.1% of the total). These represent

the largest group of outbreaks and cases caused by one
agent or group of similar agents, and most of these were
recorded in the past two decades (Table 3). However, it is
recognized that norovirus probably caused many outbreaks
in previous years when the methodology was not available
to detect the virus, and thus, there is no record of these. In
addition, opportunities for rapid transmission through close
contact of individuals in fast food chains and cruise ships
have increased lately. Rotavirus is not considered a signif-
icant foodborne agent, although it is a frequent cause of
morbidity in children from nonfood sources; Mead et al.
(31) stated that only 1% of outbreaks are attributable to
transmission through food for a total of 39,000 cases for
the whole of the United States. Yet, in our survey, this type
of virus was the identified agent in 12 foodborne disease
outbreaks with 1,418 cases.

Bacteria were responsible for 280 outbreaks, the ma-
jority being attributed to Salmonella (151 outbreaks and
9,893 cases), Staphylococcus aureus (53 outbreaks and
6,423 cases), Shigella (33 outbreaks and 15,276 cases), and
Streptococcus (17 outbreaks and 3,670 cases). All but one
of the streptococcal outbreaks were caused by Lancefield
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TABLE 5A. Extended

No. (%)

Hepatitis A virus

Outbreaks Cases

Rotavirus

Outbreaks Cases

Unknown viral

Outbreaks Cases

2 (3.6) 77 (3.5)
1 (1.8) 17 (0.8)

1 (1.2) 61 (1.2)
2 (2.4) 22 (0.4) 1 (1.8) 2 (0.1)
7 (8.3) 305 (6.0) 1 (8.3) 41 (2.9) 1 (1.8) 10 (0.5)

10 (11.9) 1,368 (27.1) 1 (8.3) 3 (0.2) 3 (5.3) 48 (2.2)
7 (8.3) 577 (11.4) 2 (3.5) 155 (7.2)

49 (58.3) 2,453 (48.6) 10 (83.3) 1,374 (96.9) 38 (66.7) 1,524 (70.9)
8 (9.5) 260 (5.2) 9 (15.8) 315 (14.7)

84 (100) 5,046 (100) 12 (100) 1,418 (100) 2,148 (100)

TABLE 5B. Extended

No. (%)

Vibrio cholerae

Outbreaks Cases

Yersinia enterocolitica

Outbreaks Cases

Campylobacter spp.

Outbreaks Cases

Escherichia coli

Outbreaks Cases

2 (18.2) 83 (3.5) 1 (14.3) 15 (2.8) 1 (33.3) 16 (15.2)

1 (20.0) 81 (34.0)
2 (28.6) 53 (10.0)

1 (9.1) 37 (1.5) 1 (20.0) 79 (33.2)

1 (9.1) 1,931 (80.5) 1 (33.3) 77 (73.3)

5 (45.5) 243 (10.1) 2 (28.6) 398 (74.8) 3 (60.0) 78 (32.8) 1 (33.3) 12 (11.4)
2 (18.2) 105 (4.4) 2 (28.6) 66 (12.4)

11 (100) 2,399 (100) 7 (100) 532 (100) 5 (100) 238 (100) 3 (100) 105 (100)

group A; the other was caused by group G. Outbreaks in-
volving Salmonella also seem to be on the rise in recent
decades. Because the methodology has not changed sub-
stantially for detection of this pathogen for at least two
decades, this probably represents a real increase. Typhoid
fever outbreaks linked to food workers, however, seem to
have peaked in the 1980s. A similar trend occurred for out-
breaks associated with S. aureus and Streptococcus group
A, with peaks in the 1970s and 1980s, respectively (Table
3). A temporal change has occurred because the growth
conditions for both S. aureus and streptococci have been
made less favorable through better temperature control of
RTE foods, even though the nasopharynx carriage rate for
toxigenic S. aureus and group A Streptococcus has proba-
bly not changed over the years (2, 54). Another possibility
is that these two pathogens are not searched for as assidu-
ously as in previous years because of a lack of resources
and the perception they cause mild illness. Because group
A streptococci infect with easily recognizable symptoms,
the first reason is the most likely scenario. A streptococcal
outbreak was the first chronologically documented outbreak
in this report involving food workers in 1927 (44).

Outbreaks caused by parasites included Cyclospora

cayetanensis (11), Giardia lamblia/intestinalis (9), and
Cryptosporidium (3), with Cyclospora having by far the
largest number of cases (3,393) primarily because of a num-
ber of raspberry-associated outbreaks in both Canada and
the United States. The Cryptosporidium was not always
typed to species but was probably parvum or hominis (pre-
viously C. parvum genotype 1).

Secondary spread. It is often not easy to distinguish
between a secondary case and a primary case with a longer
incubation period in a general outbreak setting. However,
only 8.8% of cases were documented as secondary in a
study of 936 households with infectious gastroenteritis (38)
and 15% in a large waterborne norovirus outbreak of
schoolchildren (21). Immunoglobulin is given to all possi-
bly exposed persons if an infection in a food service setting
is identified, because outbreaks of HAV typically have
more secondary cases than do other agents. In one out-
break, the secondary case rate was 45%, but not all primary
cases may have been identified (7).

In the reports we reviewed, secondary cases from food-
borne outbreaks were rare. However, it is possible many of
these were not noted in the investigative reports. Secondary
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TABLE 5C. Food categories and parasitic agents associated with outbreaks where food workers were implicated

Food category

No. (%)

Cyclospora cayetanensis

Outbreaks Cases

Giardia lamblia/intestinalis

Outbreaks Cases

Meats
Poultry
Eggs
Dairy
Seafood 1 (11.1) 29 (9.6)
Breads and bakery
Produce 10 (90.9) 3,359 (99.0) 3 (33.3) 58 (19.2)
Beverages
Multi-ingredient foods 1 (9.1) 34 (1.0) 4 (44.4) 195 (64.6)
Other 1 (11.1) 20 (6.6)

Total 11 (100) 3,393 (100) 9 (100) 302 (100)

a Unknown agent � most of these are probably viral in origin.

cases were documented in only 8 of the 816 outbreaks
(three HAV, three norovirus, one Streptococcus group A,
and one Vibrio cholerae), and the numbers were not usually
noted. Secondary spread mostly occurred in confined units,
such as schools with the children and their parents, families
on a military base, or sexual partners. During a hotel out-
break, norovirus-infected kitchen workers spread the virus
to other staff members remote from the kitchen, either by
direct contact or by aerosol transmission (35). In a Micro-
nesian cholera outbreak, the pathogen spread from families
to families, although food preparation was the originating
source (22); similarly, cholera was rapidly transferred
throughout a refugee camp after initial food and water con-
tamination (47). Homosexual contact between HAV-infect-
ed food workers and their partners allowed the infection to
spread in two outbreaks (27).

Distribution of outbreaks involving food workers by
geographic region and mode of transport. In this review,
most of the outbreaks were reported from the United States
(647), followed by Europe (63), Canada (62), and Australia
and Asia (27). Relatively few episodes from other parts of
the world were reported as outbreaks, indicating the skewed
set of data used because of availability in the literature or
through personal contact (Table 4).

There were 42 outbreaks (8,568 cases) where the foods
responsible for illness were obtained from an off-site lo-
cation. The mean and median numbers of these cases were
209.0 and 62, respectively. Sixteen outbreaks occurred
where food, primarily produce, was harvested and shipped
from another country. For the United States, the countries
of origin were Mexico (basil (30), green onions (10), pars-
ley (34), and strawberries (23)); Guatemala (raspberries
(20) and mamey (25)); Thailand (coconut milk (8)); and
India (shrimp (16)). Parsley contaminated by both O6:H16
enterotoxigenic E. coli (34) and Shigella sonnei originated
from Mexico (9). Raspberries contaminated with norovirus
from Poland caused several outbreaks—six in Denmark and
one in France (17). In addition, contaminated lettuce (15),
strawberries (36), and oysters (41) produced in one part of

the United States affected people in another part. In most
of these outbreaks, unfortunately, the actual source of the
infection, including worker transmission, was not proven
but only likely or possible. However, in a Scottish HAV
outbreak from frozen raspberries, one raspberry picker was
identified as the source of the illness because he carried the
same HAV strain as the infected persons (40). Canned
mushrooms from China containing staphylococcal entero-
toxin caused a number of illnesses in the United States (29).
Workers, shedding S. aureus from the skin or nasopharynx,
likely handled the mushrooms that were stored in brine at
room temperature before canning. This allowed pathogen
growth and production of a heat-stable toxin that was not
inactivated by the canning process.

In 10 additional outbreaks, foreign travel to Central
America or Eastern Asia by food workers was cited as the
source or possible source of Shigella spp. (three), Salmo-
nella Typhi (four), Salmonella Paratyphi (one), Salmonella
Enteritidis (one), and HAV (one) infections. Illnesses on
cruise ships and airlines were reported by several countries
and are described in detail in a section on Commercial
Travel in Todd et al. (49).

Foods involved in outbreaks where food workers
were implicated. The food vehicle categories identified in
food worker–associated outbreaks are shown in Table 5A
through 5C. Reports identified ‘‘multiple foods’’ in 245 out-
breaks, i.e., two or more foods listed in the report, but the
investigation was unable to determine which ones were suf-
ficiently contaminated to cause the illnesses. Multi-ingre-
dient foods were noted most frequently (471), perhaps be-
cause of more intensive handling during preparation, which
may have increased the chance for contamination. Out-
breaks associated with multi-ingredient foods included 106
with various salads: lettuce and leafy green salads (71),
potato salad (21), pasta salad (7), coleslaw (4), antipasto
salad (2), and Caesar salad (1). The sandwiches implicated
in 82 outbreaks were typically not described in detail and
therefore have unspecified ingredients. Several outbreaks
listed Mexican (nine) and Chinese (two) food, pasta (four),



J. Food Prot., Vol. 70, No. 7 OUTBREAKS IMPLICATING FOOD WORKERS 1759

TABLE 5C. Extended

No. (%)

Cryptosporidium spp.

Outbreaks Cases

Unknown agenta

Outbreaks Cases

Total for categories

Outbreaks Cases

1 (4.5) 15 (2.9) 36 (4.4) 3,127 (3.9)
1 (33.3) 15 (9.6) 31 (3.8) 1,156 (1.4)

20 (2.5) 1,974 (2.4)
10 (1.2) 4,321 (5.4)
26 (3.2) 2,293 (2.8)

1 (4.5) 11 (2.1) 34 (4.2) 4,882 (6.1)
2 (66.6) 142 (90.4) 1 (4.5) 22 (4.3) 95 (11.6) 15,021 (18.6)

25 (3.1) 1,528 (1.9)
19 (86.4) 468 (90.7) 471 (57.7) 40,158 (49.8)

68 (8.3) 6,222 (7.7)

3 (100) 157 (100) 22 (100) 516 (100) 816 (100) 80,682 (100)

pizza (four), soup (three), rice (three), dip (one), and stuff-
ing (one) but without further description. RTE products that
have been extensively handled may be contaminated and
were occasionally involved in outbreaks; these included
hors d’oeuvres, cold snacks with sauces, and glazes (five
outbreaks).

Low water activity does not allow bacterial growth in
most baked goods or cake frosting, but there were a sur-
prising number of outbreaks, some very large, associated
with icing or frosting on cakes and glazed pastries (10 no-
rovirus, 3 HAV, 3 Salmonella, 2 S. aureus, and 1 rotavirus
outbreak). Direct contact between contaminated hands or
arms and the ingredients was enough to transfer the agents
to the product in sufficient quantity to cause illness. Ex-
amples of these are as follows: (i) 414 people became ill
with norovirus infection after eating pastries served in a
Winnipeg hotel (45); (ii) 68 persons became infected with
HAV, which was associated with eating buns and pickles
handled by a worker in a Chattanooga fast food restaurant
who was an intravenous drug user (33); and (iii) 12 persons
became infected with HAV that originated from an infected
cook who contaminated cream while preparing pastries in
a Glasgow restaurant (13).

The outbreaks that involved bacterial pathogens typi-
cally were associated with potentially hazardous foods that
allowed growth, such as Salmonella (47 multiple foods; 34
meat, fish, and poultry; 16 salads; and 9 sandwiches) and
S. aureus (13 meat and poultry, 6 sandwiches, and 5 egg
and custard dishes). Streptococcus pyogenes was implicated
in 17 outbreaks, of which 6 involved salads and 4 involved
egg dishes. Campylobacter was implicated as the causative
agent in three salad incidents and one each for custard and
multiple foods. Parsley, hamburger, and Mexican food were
the vehicles for three separate E. coli outbreaks. There were
seven Yersinia enterocolitica outbreaks, three of which had
unusual food sources: tofu (48), chitterlings (28), and choc-
olate milk (3).

The outbreak reports and publications from which we
selected the 816 outbreaks associated with the food worker
were of variable quality, utility, or both. Either the role of
the food worker was not a major thrust of the article, and

thus, there were limited data, or it was difficult to extract
the relevant information regarding the role of the food
worker in the cause or spread of the outbreak. For instance,
some reports received extensive coverage in the media,
while others were restricted to internal health department
reports or state line listings, and only about one third
(32.8%) were in peer-reviewed scientific publications.
Large numbers of workers may be employed at any one
establishment but are employed in shifts, employed on a
part-time basis, or assigned to a specific job on a periodic
basis. These groups of workers are sometimes difficult to
identify and observe for symptoms during an outbreak in-
vestigation, and key index cases may be missed.

Detailed information on outbreak episodes involving
homes, camping trips, or small restaurants is probably un-
derrepresented in this study. In some cases, the worker may
have been a victim of the infection rather than the cause,
becoming ill at the same time as the customers or later. In
other situations, the worker blatantly disregarded normal
hygienic practices, which may have been a result of indi-
vidual preferences or the accepted way of doing business
in the establishment. The 816 outbreaks we studied showed
concerns that have been previously documented: workers
are asymptomatic and excrete the pathogen unknowingly
while working, or they continue to prepare food when it is
obvious to them, and sometimes others, that they are ill and
maybe contaminating food. This seems to be in contrast to
the 1988 World Health Organization study conducted by an
international working group, which concluded that asymp-
tomatic carriers of nontyphoidal Salmonella, Shigella, V.
cholerae, and enteric viruses pose only minimal risks as
long as good hygiene is practiced (55). All the line listings
we collated are available on the IAFP website. The next
stage of this project will be to examine the burden of the
outbreaks in more depth to identify responsible factors
more specifically.
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Diarrheal diseases of an infectious nature continue to be prevalent. At
this particular moment at least two million persons around the world are
having diarrhea. An epidemic of Salmonellosis (gastroenteritis) in Balti-
more during July, 1970 instigated federal and local inquests into nursing
home practices. That epidemic was unfortunate because it was associated
with 25 deaths in the debilitated aged population involved. Such occur-
rences will probably not cease to happen but can be expected to increase
in frequency. With our changing food technology, pre-packaged foods
ready to eat after heating are excellent sources of this particular pathogen,
and no ready way to sterilize these products has yet been devised.
A recurrence of an old species of shigella has appeared in Central

America. The Shiga bacillus or Shigella dysenteriae has been isolated from
severe, sometimes fatal, cases of dysentery in these countries. This patho-
gen had been absent from that region for many years. It is conceivable
it will now spread into the United States.

Traveler's diarrhea is familiar to all, frequently on a very personal basis
as an annoying malady. Hopefully, recent discoveries have enabled us
to gain some insight into the pathogenesis of this problem. A similar type
of illness occurs in military personnel serving in Vietnam. The troops who
make the four or five day scouting sorties are especially compromised by
diarrhea. Several strains of E. coli have been isolated from these cases and
have been proven to cause diarrhea in volunteers.
As a final part of this introduction to the current status of diarrheal

diseases it is appropriate to mention viral causes. This group of agents has
always been suspected of causing diarrhea but extensive efforts by several
groups have failed to establish any significant etiological role for viruses
in diarrhea. However, with improvemiient in isolation techniqies, sonme evi-
dence has been acquired inidicatinig )otential impoltance.
The intestinal tract has only a limited number of ways of reacting to an
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infectious agent. These reactions include motility, tonus, absorption, secre-
tion, cell turnover and removal, defense and endocrine mechanisms.'
Whenever several or all of these functions are activated by an infectious
agent, the end result is the passage of a liquid stool. The clinical manifes-
tations of enteric infections therefore are similar and overlapping. Sprinzl
has emphasized the interaction of the various types of diarrheal diseases.
The specific clinical illnesses initiated by shigella, salmonella, and vibrio
cholera are but a small proportion of the large mass of undifferentiated
diarrheal illnesses. The majority of bacteriologically proven cases of diar-
rhea are indistinguishable from nonspecific enteritis. A few cases with
classic symptoms and signs allow for clinical differentiation of shigellosis
from salmonellosis for instance. On the other hand cases of diarrhea which
appear to be cholera or shigellosis for example may be initiated by sal-
monella or E. coli rather than the expected agents. This overlapping of
classic clinical symptoms is an unusual occurrence. This type of similarity
however does point up the limited forms of reaction inherent in the intes-
tinal tract. It is understanding of the pathogenesis and etiology of the
large background of undifferentiated illness that concerns part of this
presentation.
The anatomic relationships of enteropathogenic agents to the intestinal

epithelium have been tabulated by Sprinz.1 'Much of this information has
been gained from studies in animals buit confirmatory evidence has been
accumulating in man. Table I lists various relationships that can exist be-
tween the infecting agent and the intestinal epithelium. The agents in
Group A have the capability of releasing an enterotoxin which alters the
integrity of the living cells. This alter-ation in most instances is physiologi-
cal as no definite anatomical lesions have been identified. As a result of
the toxin activity there is an outpouring of fluid and diarrhea ensues.
Group B contains organisms not known to be pathogenic for man. Shigella

TABLE I

Enteric Infections

Localizationi of Infectious Agenit to Host

A. Organisms which do not invade host tisstues
Examples: Vibrio cholerae; staph food poisoning, Giardia, E. coli

B. Partial penetrationi of the epithelial liniiig
Examiples: intestinial spirochetes-no cliinical significanice

C. Superficial epithelial layers penetrated
Examples: Shigella species, E. coli

D. Transportation throuigh epithelial cells--little or no surface cell damage
Example: Salmonella
Mlodified after Sprinz
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TABLE II

Infective Dose of Enteric IPathoyen. for.Man

Shigella. 200
Typhoid..... .. 100,000
Escherichia....... 100,000,000-10,000,000,000
Cholera ......... 10,000,000,000

species (group C) characteristically penetrate superficial epithelial layers
and as a result microabscesses develop as the early phase of bacillary
dysentery (the diarrhea phase) is completed. Healing occurs, rapidly with
an antibiotic, and the dysentery subsides. Strains of E. coli have been iso-
lated from patients with diarrhea that have this same pathogenic viru-
lence. Salmonellae appear to pass through the superficial layers of the
epithelium without causing any damage. Those strains causing gastro-
enteritis do not progress any further than the lamina propria region
whereas S. typhosa gain entrance to the lymphatic drainage and dis-
seminate into the lymph nodes and liver. The reasons for the differences
in the form of disease caused by the strains are unknown.
The previous statements outlining bacteria-host cell interaction presup-

poses that bacteria reach the susceptible areas of the gut where they can
cause diarrhea. Cholera is mainly a disease of the small bowel, shigellosis
causes dysentery by producing mucosal injury in the large bowel, salmo-
nella gastroenteritis may be an infection of small bowel and colon. E. coli
diarrhea in adult man may be either small bowel or colon depending on
the characteristics of the strain. If the strain is the penetrating type-i.e.
resembles shigella-disease is produced in the colon. On the other hand
the enterotoxin producing species appear to initiate disease in the upper
small bowel and are incapable of producing disease when present in the
large intestine. The number of organisms needed to produce disease in
man varies. Table II tabulates the numbers required to cause typhoid,
cholera, shigellosis and E. coli diarrhea. The attack rates following the
listed doses are approximately 20-30% for man except for the E. coli
strains and insufficient evidence does not allow for an accurate estimation
as yet with these organisms. Note only 200 shigella cells can cause diar-
rhea whereas it takes over 10 billion to cause cholera. Differences in vir-
ulence accounts for these variations. Onie simple virulence factor pertains
to the organisms' ability to resist acid degradation in the stomach.

This barrier has varying effects on enteric pathogens. Typhoid bacilli
were recovered from our volunteers for as long as 45 minutes in gastric
juice with a pH of 2.0 but the recovery rate was low. Shigella was sur-
prisingly resistant to acid digestion and indeed can cause gastritis in mon-
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keys.2 As noted, only 200 organisms cause disease ill man-the attack rate
was about 20%. This remarkable ability of a few bacteria to cause disease
accounts for the frequent laboratory acquired infections with shigella, and
also suggests that shigella are readily adaptable organisms for water-
borne disease and would not need food to act as a buffer to promote sur-
vival in the stomach. A very strikiing example of the effect of gastric
acidity on susceptibility to infection has been documented in man infected
with cholera vibrios. These organisms can be shown to be very sensitive
to degradation by acid. In vitro studies using aspirated gastric juice have
shown that vibrios do not survive over six minutes. This information sug-
gested that the stomach may be an effective defense against cholera.
Hence the need to ingest as many as 10 billion organisms to initiate dis-
ease, a highly unlikely naturally acquired inoculum. During the course
of studies to develop a model of cholera in order to evaluate vaccines, the
effect of gastric acidity on subsequent infection rates was quantitated.
Volunteers were pretreated with NaHCO3 and subsequently analyses of
the dynamic buffering response was measured at 15 minute intervals. It
was found that all men (54) had markedly acid pH of gastric juice prior
to NaHCO3. In the subsequent 15 minute intervals the expected loss of
buffer action occurred but with varying speeds in each volunteer. By 30
minutes the group was evenly divided-those who had returned to a low
pH and those with residual buffering effect. (Table III). There is no over-
lap of these pH values. Since the vibrio would be expected to survive long-
est in those men with the more prolonged buffering effect, attack rates of
disease were correlated with the 30 minute pH value of gastric juice.
(Table IV) There was a higher attack rate in the group with the alkaline
pH values. An additional indication of the importance of buffering can
be estimated from comparing attack rates of disease with and without bi-
carbonate. Volunteers have been given doses of virulent vibrios as high as
108 to 1010 without predictable induction of diarrhea. In contrast 104 of
the same vibrios with a pretreatment of NaHCO3 caused diarrhea in 69%
of 13 volunteers. Thus in human cholera buffering of stomach contents
has enhanced virulence equivalent to approximately four logs of organisms.
Of timely interest has been the report from the CDC that in the present
epidemic of cholera in Israel, 3 of 150 patients with cholera had had a
preceding gastrectomy, a high percentage in this select group of patients.
It is intriguing to speculate that cholera may selectively occur in those
individuals with hypo or achlorhydria, either absolute or relative.

Diarrhea caused by so-called enteropathogenic strains of E. coli is
mainly a disease of children. It has not been definitely established as to
which antigens or functions of these bacteria characterize them as diar-
rheogenic. Usually the major types responsible for infant diarrhea are

144



THE PATHOGENESIS OF DIARRHEAL DISEASES

TABLE III
Gastric pH, 30 minutes after NaHCO3 (2 Grams)

Low pH Group

1.59
1.59
1.70*
1.71
1.75*
1.75
1.76
1.78
1.80*
1.82
1.88
1.88
1.89
1.92
2.12
2.79
3.72

Av. pH = 1.97 E 0.53

High pH Group

6.51
5.68*
5.83
5.85
6.10*
6.37
6.42*
6.49
6.70
6.79
6.81
6.92
7.00
7.26
7.27
7.28*
7.51
7.75*
8.05

Av. pH = 6.72 i 0.72

* pH data from rechallenged volunteer.

TABLE IV
Induced Cholera in Volunteers

Dose Specific Attack ltates in Low pH and High pH Groups

30 Minutes after NaHCO3

Low pH High pH

104 1/5 = 20% 4/4 = 100%
106 5/7 = 71% 9/10 = 90%

Totals 6/12 = 50% 13/14 = 93%

found among about 10 serotypes. Adults presumably are immune to these
species because of prior exposures. However, new isolates have been
found which cause human disease. These have been found to have one of
two characteristics. Either they have the ability to penetrate the epithe-
lial surface similar to virulent shigella species or else the E. coli releases
an enterotoxin which presumably damages the integrity of the cell walls
resulting in diarrhea, an explanation which has been associated with
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cholera toxin activity. In Table V these strains are listed according to
their virulence characteristics for animal systems. The clinical manifesta-
tions of the illnesses induced by 100 million organisms of each type are
listed in Table VI. Note the enterotoxin producing types (B2C, B7A,
334A) cause an illness not unlike salmonella or mild cholera diarrhea.
'rhese organisms appear to colonize in the small bowel. When this section
of the intestine is cleansed of the E. coli, the diarrhea ceases despite the
persistence of large numbers in the colon. This truly is a small bowel form
of diarrhea. The capability of E. coli strains to penetrate gut epithelium
results in a different form of enteritis. The volunteers ingesting these
strains became acutely ill within 24 hours with abrupt fever, severe mu-

coid bloody diarrhea and marked toxicity requiring antibiotic therapy.
These were cases of severe "shigella" dysentery, in fact more intense than
any induced shigellosis in our experience. Both classes of E. coli can cause

diarrheal disease in man and may account for a large segment of undiffer-

TABLE V
Serologic and Biologic Properties of E. coli Strains

Strain O-Group Enterotoxin Production Epithelial Penetration

B2C 6 +
B7A 148 +
334A 15 +
C1272 124 _ +
1624 144 _ +
4608 143 _ +
HS Nontyped _

TABLE VI
Reactions Following Ingestion of 108 E. coli Cells

Diarrhea Pstv
stan Number _________________ Mucoid PstvE. coli stram Volunteers Stools Stool 4xAb. Rise

Fever Mild Severe* Isolation

B2C 5 0 2 1 5 4
B7A 5 0 1 0 4 1
334A 5 0 2 1 5 1

C1272 5 0 1 0 4 0
1624 5 3 0 3 3t 3 4
4608 5 3 1 2 1 5 5

HS 5 0 0 0 4 1

* 5 or more watery stools/24 hrs. for 2 consecutive days.
t one volunteer had bloody mucoid dysentery.
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entiated diarrhea. A large proportion of such diarrheal cases nlay be due
to sinilar types of ubiquitous E. coli species. Much of the information
regarding toxigenic E. coli and the colonization of small bowel has come
as a result of earlier studies with cholera. The uncovering of the role of
cholera enterotoxin in causing this infection has led to the results noted
with the toxin producing E. coli. In recent iyonths these observations have
been extended to Sh. dysenteriae. This organism has been known to pro-
duce a neurotoxin and this or a similar toxin will induce diarrhea in rab-
bit ileal loops.3 Yet another enteric pathogen has been found which may
produce illness by means of a toxin rather than direct tissue penetration
alone. The search for enterotoxins in the other shigella and salmonella
species has begun.

Finally, cell-free filtrates of stools of patients ill with "winter-vomit-
ing" disease in Ohio have been administered to volunteers. The men were
pretreated with NaHCO3. A febrile, diarrheal disease resulted. In order to
confirm the infectious nature of this infection, a pooled cell-free filtrate
from one to the ill volunteers has been fed to additional men. Diarrhea
has appeared in them. All that is needed to fulfill Koch's postulates is to
grow the suspected virus in tissue or intestinal cell or organ cultures and
reinfect volunteers with the harvested virus. This work is in progress. The
results to date are exciting and suggest that perhaps another block of un-
differentiated enteritis can be assigned to a specific etiology.

SUMMARY
The etiological basis of several forms of undifferentiated diarrhea have

been uncovered. Strains of E. coli produce an enterotoxin that produces
diarrhea, a mechanism similar to cholera infection. Other strains of E. coli
can cause bacillary dysentery by the same means as shigella. Viral forms
of diarrheal disease have been identified. It remains to be determined
whether a simple method can be found to counteract the limited number
of intestinal dysfunctions initiated by infectious agents and hence prevent
the end result of these reactions-diarrhea.
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Abstract

Problem/Condition: State and local public health departments report hundreds of foodborne illness outbreaks each year to CDC 
and are primarily responsible for investigations of these outbreaks. Typically, investigations involve epidemiology, laboratory, and 
environmental health components. Health departments voluntarily report epidemiologic and laboratory data from their foodborne 
illness outbreak investigations to CDC through the Foodborne Disease Outbreak Surveillance System (FDOSS); however, minimal 
environmental health data from outbreak investigations are reported to FDOSS.
Period Covered: 2014–2016.
Description of System: In 2014, CDC launched the National Environmental Assessment Reporting System (NEARS) to 
complement FDOSS surveillance and to use these data to enhance prevention efforts. State and local health departments voluntarily 
report data from their foodborne illness outbreak investigations of retail food establishments. These data include characteristics of 
foodborne illness outbreaks (e.g., agent), characteristics of establishments with outbreaks (e.g., number of meals served daily), food 
safety policies and practices of these establishments (e.g., glove use policies), and characteristics of outbreak investigations (e.g., 
timeliness of investigation activities). NEARS is the only available data source that includes characteristics of retail establishments 
with foodborne illness outbreaks.
Results: During 2014–2016, a total of 16 state and local public health departments reported data to NEARS on 404 foodborne 
illness outbreaks at retail establishments. The majority of outbreaks with a suspected or confirmed agent were caused by norovirus 
(61.1%). The majority of outbreaks with identified contributing factors had at least one factor associated with food contamination by 
a worker who was ill or infectious (58.6%). Almost half (47.4%) of establishments with outbreaks had a written policy excluding ill 
workers from handling food or working. Approximately one third (27.7%) had a written disposable glove use policy. Paid sick leave 
was available for at least one worker in 38.3% of establishments. For most establishments with outbreaks (68.7%), environmental 
health investigators initiated their component of the investigation soon after learning about the outbreak (i.e., the same day) 
and completed their component in one or two visits to the establishment (75.0%). However, in certain instances, contacting the 
establishment and completing the environmental health component of the investigation occurred much later (>8 days).
Interpretation: Most outbreaks reported to NEARS were caused by norovirus, and contamination of food by workers who were ill or infectious 
contributed to more than half of outbreaks with contributing factors; these findings are consistent with findings from other national outbreak 
data sets and highlight the role of workers in foodborne illness outbreaks. The relative lack of written policies for ill workers and glove use 
and paid sick leave for workers in establishments with outbreaks indicates gaps in food safety practices that might have a role in outbreak 
prevention. The environmental health component of the investigation for most outbreaks was initiated quickly, yet the longer initiation 
timeframe for certain outbreaks suggests the need for improvement.
Public Health Action: Retail establishments can reduce viral foodborne illness outbreaks by protecting food from contamination 

through proper hand hygiene and excluding workers who are 
ill or infectious from working. NEARS data can help prioritize 
training and interventions for state and local food safety programs 
and the retail food establishment industry by identifying gaps 
in food safety policies and practices and types of establishments 
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vulnerable to outbreaks. Improvement of certain outbreak investigation practices (e.g., delayed initiation of environmental 
health investigations) can accelerate identification of the agent and implementation of interventions. Future analysis comparing 
establishments with and without outbreaks will contribute knowledge about how establishments’ characteristics and food safety 
policies and practices relate to foodborne illness outbreaks and provide information to develop effective prevention approaches.

Introduction
Public health departments report hundreds of outbreaks each 

year to CDC. During 2009–2015, state, local, and territorial 
health departments reported 5,760 foodborne illness outbreaks 
to CDC (1). Most of these outbreaks occurred in retail food 
establishments (1).

State and local public health departments are typically 
responsible for regulating and ensuring food safety in 
retail food establishments. They do this primarily through 
inspecting establishments to ensure they comply with their 
jurisdictions’ food safety regulations. The U.S. Food and 
Drug Administration (FDA) Food Code is the basis of most 
jurisdictions’ food safety regulations. The FDA Food Code 
is a model set of science-based, comprehensive food safety 
regulations intended to reduce foodborne illness risk in retail 
food establishments (2). For example, the Food Code includes 
guidelines that

• limit opportunities for food workers to contaminate food, 
such as prohibiting workers who are ill or infectious from 
working with food and prohibiting workers from handling 
ready-to-eat food (i.e., foods that need no further 
preparation) with their bare hands (e.g., through glove 
use); and

• require kitchen managers to be certified in food safety (i.e., 
pass a food safety knowledge test administered by an 
accredited program).

State and local public health departments also investigate 
foodborne illness outbreaks. Data from these investigations 
provide insights into the epidemiology of foodborne illness, 
such as identifying the pathogens and foods that lead to illness 
(1). This information can be used to help prevent foodborne 
illness outbreaks and sporadic foodborne illnesses that can have 
the same epidemiologic profile as outbreaks.

State and local public health departments provide 
epidemiologic and laboratory data from their investigations to 
CDC through the Foodborne Disease Outbreak Surveillance 
System (FDOSS) (3). Typically, epidemiology or communicable 
disease control programs within health departments collect and 
report these data, which include the etiologic agent; food; 
setting; and number of illnesses, hospitalizations, and deaths 
associated with an outbreak. These data have led to discoveries 
of new and emerging foodborne illness agents and specific 
agent-food pairs (4).

Environmental health programs within state and local health 
departments also are involved in investigations of foodborne 
illness outbreaks. The environmental health component of the 
investigation, or environmental assessment, describes how the 
environment contributed to the introduction or transmission 
of agents that caused illness. During these assessments, 
environmental health investigators typically interview 
the manager of the establishment with an outbreak about 
characteristics such as food preparation policies and practices 
that might have contributed to the outbreak. Environmental 
health investigators also review the processes used in preparing 
food items suspected in the outbreak and observe workers’ 
food preparation practices. After all investigation activities are 
completed, the epidemiologic, laboratory, and environmental 
health information is reviewed to determine the outbreak 
contributing factors, which are the conditions that enabled 
or amplified a foodborne illness outbreak. These factors can 
contribute to contamination of food with foodborne illness 
agents, proliferation of microbial agents in food, or survival 
of foodborne illness agents in food after a process that should 
have eliminated or reduced them.

Although FDOSS captures data on foodborne illness 
outbreak contributing factors, the system does not capture 
most other environmental assessment data and is not 
limited to retail food establishments. These data about the 
context in which outbreaks occur are important to outbreak 
prevention. For example, data on worker practices associated 
with outbreaks can provide information about interventions 
that encourage retail food establishments to improve worker 
practices. Because of the importance of these environmental 
assessment data, CDC developed the National Environmental 
Assessment Reporting System (NEARS) to capture data 
from health departments’ environmental assessments of 
outbreaks (5). NEARS was designed to be a complementary 
surveillance system to FDOSS. The Environmental Health 
Specialists Network (EHS-Net), a CDC-funded network of 
environmental health specialists and epidemiologists from 
CDC, FDA, the U.S. Department of Agriculture, and multiple 
state and local health departments (6), helped develop NEARS.

This report summarizes selected data reported to NEARS for 
foodborne illness outbreaks that occurred during 2014–2016. 
The data describe the outbreaks, the establishments where 
the outbreaks occurred, including their food safety policies, 
and the outbreak investigations. State and local public 
health departments responsible for ensuring food safety and 
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investigating foodborne illness outbreaks can use these data 
to help identify gaps in their outbreak investigation practices 
and in retail food establishment policies.

Methods

Description of the System and  
Case Definition

The majority of foodborne illness outbreaks occur in retail 
food establishments (i.e., places that prepare and serve food 
to consumers) (1). In 2014, NEARS was launched to collect 
data on outbreaks associated with such establishments (4). 
CDC defines a foodborne illness outbreak as an incident in 
which two or more persons experience a similar illness resulting 
from the ingestion of a common food (7); most state and local 
health departments have a similar definition. Outbreak agents 
were classified as confirmed if they were laboratory confirmed 
according to CDC laboratory and clinical guidelines (7); 
otherwise they were classified as suspected. During 2014–2016, 
a total of 16 state and local health departments (California; 
Coconino County, Arizona; Connecticut; Davis County, Utah; 
Fairfax County, Virginia; Harris County, Texas; Michigan; 
Minnesota; New York City; New York State; Rhode Island; 
South Carolina; Southern Nevada Health District; Tennessee; 
Washington; and Wisconsin) reported environmental 
assessment data to NEARS from at least one foodborne 
illness outbreak occurring in a retail food establishment. 
Supplementary data on foodborne illness outbreaks reported 
to NEARS (https://stacks.cdc.gov/view/cdc/61382) and retail 
establishments with outbreaks (https://stacks.cdc.gov/view/
cdc/61383) are available.

NEARS complements FDOSS by collecting data from state 
and local foodborne illness outbreak investigations that are not 
collected in FDOSS. Although some data points are collected 
in both systems (e.g., outbreak agent), this redundancy is 
designed to ensure that outbreaks can be matched accurately 
across the two systems.

Data Sources, Collection, and Variables
NEARS data sources include environmental health 

investigators and their epidemiology and laboratory 
counterparts, as well as interviews with establishment managers 
(Box 1). After each foodborne illness outbreak investigation in 
a retail food establishment is completed, participating health 
departments voluntarily report their environmental health 
investigation data to CDC through the NEARS online data 
management system on CDC’s website. Environmental health 

investigators’ epidemiologic and laboratory counterparts 
provide the data on outbreak characteristics. The environmental 
assessments provide data on characteristics and policies of 
establishments with outbreaks, primarily through interviews 
with managers. The environmental health investigators 
determine outbreak investigation characteristics. Not all 
data points are collected during all investigations; thus, 
denominators vary throughout the results.

Data are collected and presented on four sets of variables: 
characteristics of foodborne illness outbreaks, characteristics of 
establishments with outbreaks, policies of establishments with 
outbreaks, and characteristics of investigations.

• Outbreak characteristics. Characteristics include the 
outbreak agent and contributing factors. FDA and CDC 
have identified 32 outbreak contributing factors, divided 
into three groups (8):

 – contamination of food with a foodborne illness agent;
 – proliferation or growth of microbial agents in food 
(proliferation can mean an increase in the number of 
bacteria, the production of toxins, or both); and

 – survival of foodborne illness agents after a process, such 
as cooking, that should have eliminated or reduced 
them.

• Outbreak establishment characteristics. Characteristics 
that have been hypothesized or found to be associated with 
retail food establishment food safety. These include 
ownership (independent or chain [shares name and 
operation with at least one other establishment]) and 
number of meals served daily (9–12).

• Outbreak establishment policies. Policies recommended 
by FDA in the Food Code to reduce foodborne illness 
risk. These include limiting opportunities for food workers 
to contaminate food, such as prohibiting workers who are 
ill or infectious from working with food and prohibiting 
workers from handling ready-to-eat food (i.e., foods that 
need no further preparation) with their bare hands (e.g., 
through glove use), and requiring kitchen managers to be 
certified in food safety (i.e., pass a food safety knowledge 
test administered by an accredited program). Data also are 
included on the availability of paid sick leave for ill 
workers. Although the Food Code specifically does not 
recommend paid sick leave, the food service industry could 
explore this policy as a potential method to help keep ill 
workers from working (13).

• Outbreak investigation characteristics. Characteristics 
that have been hypothesized or found to be associated with 
investigation effectiveness, such as the timeliness of 
outbreak environmental assessments (14,15).

https://stacks.cdc.gov/view/cdc/61382
https://stacks.cdc.gov/view/cdc/61383
https://stacks.cdc.gov/view/cdc/61383
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BOX 1. Data sources for characteristics of foodborne illness outbreaks, characteristics and policies of retail establishments with outbreaks, 
and characteristics of investigations — National Environmental Assessment Reporting System, 2014–2016

Data collected Source

Outbreak characteristics

Primary agent identification — confirmed (laboratory-confirmed by  
laboratory and clinical guidelines) or suspected (not confirmed by the 
guidelines) (In 2014, these data were obtained from the Foodborne Disease 
Outbreak Surveillance System; during 2015–2016, environmental health 
investigators reported these data to the National Environmental Assessment 
Reporting System)

Epidemiology and laboratory investigation counterparts

Contributing factor identification (factors that contribute to the 
contamination, proliferation, and survival of foodborne illness agents 
on food)

Investigation team determination

Outbreak also reported to the Foodborne Disease Outbreak Surveillance 
System

Epidemiology and laboratory investigation counterparts

Outbreak establishment characteristics

Ownership — independent or chain (establishment shares name 
and operations with at least one other establishment)

Establishment manager interview

Establishment type — restaurant (fixed establishment that prepares 
and serves food to customers) or other (e.g., institutions, mobile 
food units, temporary food stands, or restaurants in supermarkets, 
etc.)

Environmental health investigator determination

Average number of meals served daily Establishment manager interview
Most complex food preparation process
• Complex — food item requires a pathogen kill step (a process, 

such as cooking or freezing, that reduces or eliminates pathogens) 
and holding beyond same-day service, or a kill step and some 
combination of holding, cooling, reheating, and freezing

• Complex-serve — food item is prepared for same-day service; at 
least one involves a kill step such as cooking

• Prep-serve — food item is prepared and served without a kill step

Environmental health investigator determination

Menu type (e.g., American or Indian) Environmental health investigator determination
Number of critical violations on previous inspection (i.e., violations 
of regulations that help eliminate or reduce hazards associated with 
foodborne illness; also called priority or priority foundation items)

Environmental health investigator determination

Box continued on next page.

Data Analysis
CDC calculated descriptive statistics on four sets of NEARS 

variables. These were characteristics of foodborne illness 
outbreaks, characteristics of establishments with outbreaks, 
policies of establishments with outbreaks, and characteristics 
of investigations.

Results
During 2014–2016, state and local health departments 

reported 404 foodborne illness outbreaks in retail establishments 
to NEARS. Of these, 111 (27.5%) occurred in 2014, 113 
(28.0%) in 2015, and 180 (44.6%) in 2016. A total of 384 
(95.0%) of these outbreaks occurred in one location, and 
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BOX 1. (Continued) Data sources for characteristics of foodborne illness outbreaks, characteristics and policies of retail establishments with 
outbreaks, and characteristics of investigations — National Environmental Assessment Reporting System, 2014–2016

Data collected Source

Outbreak establishment policies

Policy requiring workers to tell their manager when they are ill Establishment manager interview
Policy restricting or excluding ill workers from working Establishment manager interview
Paid sick leave available for at least one worker Establishment manager interview
Disposable glove use policy Establishment manager interview
Disposable glove use policy requiring food workers to wear gloves at 
all times when working in the kitchen, when handling ready-to-eat 
food, and when they have cuts or other skin injuries

Establishment manager interview

Kitchen manager food safety certification requirement Establishment manager interview
Outbreak investigation characteristics

Number of visits to the establishment with an outbreak to complete 
environmental assessment

Environmental health investigator determination

Number of days between identification of establishment for an 
environmental assessment and first contact with the establishment, 
observation, and manager interview

Environmental health investigator determination

Number of critical violations on previous inspection (i.e., violations 
of regulations that help eliminate or reduce hazards associated with 
foodborne illness; also called priority or priority foundation items)

Environmental health investigator determination

20 (5.0%) occurred in multiple locations. Data were reported 
to NEARS on 415 establishments with outbreaks. Most 
(83.7%, 338 of 404) outbreaks reported to NEARS also were 
reported to FDOSS. This percentage is expected to increase 
in the future because of updates to the reporting system and 
improvements in linking processes. A supplementary summary 
report is available (https://www.cdc.gov/nceh/ehs/nears/
outbreak-investigations-restaurants-2014-16.html).

Outbreak Characteristics
Investigations identified an agent in 311 (77.0%) outbreaks 

(Table 1). Of these agents, 31.8% were suspected and 68.2% 
were confirmed. Most identified agents were viral (61.7%), 
followed by bacterial (34.4%) and toxic, chemical, or other 
(3.9%). Overall, norovirus was the most common agent, 
accounting for 61.1% of outbreaks where an agent was 
identified. The second most common agent was Salmonella, 
accounting for 16.1% of outbreaks with an identified agent.

Investigators identified at least one contributing factor 
in 251 (62.1%) outbreaks. Outbreaks can have more than 

one contributing factor, and 455 were identified. Of the 
251 outbreaks with an identified contributing factor, 214 
(85.3%) had at least one contamination factor, 69 (27.5%) 
had at least one proliferation factor, and 44 (17.5%) had at 
least one survival factor (Table 2). The top three contributing 
factors were related to food contamination by an ill worker; 
147 (58.6%) outbreaks with an identified contributing factor 
had at least one of these factors.

All three types of contributing factors (i.e., contamination 
of food with agents, proliferation of agents, and survival of 
agents) were represented among the top 10 contributing factors 
to foodborne illness outbreaks (Box 2). The most common 
contributing factor (27.9%) was bare-hand contact by a food 
worker suspected to have an infectious illness, followed by 
contamination through a method other than hand contact by 
a food worker suspected to have an infectious illness (23.1%) 
and glove-hand contact by a food worker suspected to have 
an infectious illness (15.5%) (Table 2). The most common 
proliferation and survival contributing factors were improper 
or slow cooling of hot food (10.0%) and insufficient time or 
temperature during cooking or heat processing (10.8%).

https://www.cdc.gov/nceh/ehs/nears/outbreak-investigations-restaurants-2014-16.html
https://www.cdc.gov/nceh/ehs/nears/outbreak-investigations-restaurants-2014-16.html
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Outbreak Establishment Characteristics
Most establishments with outbreaks were independently 

owned (72.9%, 237 of 325), were restaurants (80.2%, 333 of 
415), and served complex food items (i.e., a food item required 
a kill step, which is a process, such as cooking, that reduces 
or eliminates foodborne illness pathogens, and other food 
preparation processes, such as cooling and reheating) (87.2%, 
362 of 415) (Table 3). More than half of establishments 
with outbreaks (54.6%, 161 of 295) served ≤200 meals daily 
(upper range: 7,500). The most common menu type was 
American (nonethnic) (55.9%, 232 of 415), and most (65.8%) 
establishments with outbreaks received one or more critical 
violations on their last routine inspection before the outbreak.

Outbreak Establishment Policies
More than half of establishments with outbreaks (56.3%, 

179 of 318) had a written policy and 36.2% (115) had a 
verbal policy requiring food workers to notify their manager 
when they were ill (Table 4). About half (47.4%, 144 of 
304) of establishments had a written policy and 39.1% had 
a verbal policy that prevented ill workers from handling food 
(i.e., restriction) or prevented ill workers from working (i.e., 
exclusion). In 118 of 308 (38.3%) establishments, paid sick 
leave was available for at least one food worker. The majority 
of establishments with outbreaks (62.3%, 198 of 318) had a 
verbal policy concerning disposable glove use; an additional 
27.7% had a written disposable glove use policy. Glove use 
policy requirements were varied. Most establishments required 
food workers to wear gloves when handling ready-to-eat foods 
(97.2%, 278 of 286) and when they had cuts or other skin 
injuries (98.6%, 278 of 282), and half (49.7%, 142 of 286) 
required food workers to wear gloves at all times when working 
in the kitchen. In 243 of 314 (77.4%) establishments, kitchen 
managers were required to have a food safety certification.

Outbreak Investigation Characteristics
Three fourths (74.6%, 306 of 410) of environmental 

assessments were completed in one or two visits to the 
establishment; the remaining assessments were completed in 
three or more visits (Table 5). Investigators contacted most 
(68.7%, 285 of 415) of the establishments with outbreaks the 
same day they were identified for an environmental assessment. 
The mode of contact varied (e.g., telephone, e-mail, or in 
person). For the remaining establishments, contact occurred 
1–2 days (23.4%, 97 of 415) and ≥3 days (7.9%, 9 of 415) 
after identification. Half (49.6%, 175 of 353) of observations 
were conducted the same day the establishment was identified 
for an environmental assessment. The remaining observations 

BOX 2. Top 10 contributing factors to foodborne illness outbreaks,* 
by type — National Environmental Assessment Reporting System, 
2014–2016

Contamination of food with a foodborne illness agent
Bare-hand contact by a food handler, worker, or 
preparer with a suspected infectious illness

Other mode of contamination (excluding cross-
contamination) by a food handler, worker, or preparer 
with a suspected infectious illness

Glove-hand contact by a food handler, worker, or 
preparer with a suspected infectious illness

Cross-contamination of ingredients

Other source of contamination

Contaminated raw product — food was intended to be 
consumed raw or undercooked or underprocessed

Contaminated raw product — food was intended to be 
consumed after a kill step

Proliferation or growth of microbial agents in food 
(increase in number of bacteria or the production 
of toxins)
Improper or slow cooling

No attempt was made to control the temperature of 
implicated food or the length of time food was out of 
temperature control

Survival of foodborne illness agents after a process, 
such as cooking, that should have eliminated or 
reduced them
Insufficient time, temperature, or both during cooking 
or heat processing

* N = 251 outbreaks for which data were known; some outbreaks had more 
than one identified contributing factor.  

were conducted 1–2 days after identification (28.0%) and ≥3 
days after identification (22.4%). One fourth (25.8%, 82 of 
318) of interviews with managers were conducted the same 
day the establishment was identified for an assessment. The 
remaining interviews were conducted 1–2 days (19.5%), 3–7 
days (12.9%), and ≥8 days (41.8%) after identification.

Discussion
Approximately 60% of foodborne illness outbreaks in retail 

food establishments reported to NEARS were caused by 
norovirus, and contamination of food by workers who were ill 
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or infectious contributed to more than half of outbreaks with 
contributing factors. These findings are similar to national 
outbreak data reported to FDOSS; a recent analysis found that 
approximately half of restaurant-associated foodborne illness 
outbreaks were caused by norovirus, and that workers who 
were ill or infectious contributed to about half of restaurant-
associated outbreaks (16). NEARS and FDOSS data both 
highlight the role of workers in norovirus outbreaks (2,15,16). 
The data also indicate the need for continued focus on reducing 
viral foodborne illness outbreaks by protecting food from 
worker contamination through proper hand hygiene, including 
glove use, and preventing workers who are ill or infectious 
from working (16,17).

NEARS is the only available data source that includes 
characteristics of retail establishments with foodborne illness 
outbreaks. Because ill workers are a frequent contributor 
to outbreaks (1), of particular interest are NEARS data on 
establishment characteristics that might be related to ill worker 
behavior, such as requiring gloves and excluding workers who 
are ill from work. Most establishments with outbreaks had 
policies requiring food workers to wear gloves when handling 
ready-to-eat foods and preventing those who are ill from 
working. The FDA Food Code recommends these policies to 
protect against outbreaks (2), yet establishments with these 
policies still had outbreaks. One reason might be that existing 
policies are not enforced.

This report assessed whether the establishments had these 
policies but did not assess whether the policies were regulatory 
requirements in the areas where the establishments were located. 
If policies are not regulatory requirements, regulatory officials 
do not assess them in their inspections and establishments do 
not receive violations for a lack of policies. Lack of regulation 
might affect policy effectiveness.

Finally, the mode of the policy might have a role in 
effectiveness; research suggests that written policies are more 
effective than unwritten ones (11). Written food safety policies 
might indicate prioritization of food safety or institutionalized 
policies and practices. Approximately half, or fewer, of the 
establishments with outbreaks had these policies in writing.

Paid sick leave also might be relevant to outbreaks caused by 
ill workers; a study found an association between supportive 
paid sick leave regulations and decreased foodborne illness rates 
(18). Workers have reported that lack of paid sick leave factors 
into their decision to work while ill (19). The relative lack of 
sick leave for workers suggests this might be a risk factor for 
foodborne illness outbreaks.

Most outbreaks reported to NEARS occurred in 
establishments that engaged in complex food preparation 
processes, served American-style food, were independently 
owned, and received critical violations on their last inspection. 

These data can contribute to generating hypotheses about the 
context in which outbreaks occur. For example, the proportion 
of establishments with outbreaks engaging in complex food 
preparation processes (87%) is high compared with the 
proportion of establishments without outbreaks engaging in 
these processes (approximately 50%) found in other studies 
(EHS-Net restaurant cooling practices study, unpublished 
data, CDC, 2009) (20). This difference suggests that outbreaks 
might occur more often in establishments where complex 
food preparation occurs. On the other hand, comparisons 
of establishment ownership indicate that the proportion of 
independently owned establishments in the NEARS outbreak 
data set is similar to the proportion of independently owned 
restaurants nationwide (73% versus 66%) (21), which suggests 
that independent and chain restaurants might experience 
outbreaks with similar frequency. Although research comparing 
establishments with and without outbreaks is necessary to 
confirm these hypotheses, preliminary comparisons indicate 
the potential value of NEARS data to facilitate development 
and testing of hypotheses about the characteristics of outbreaks 
associated with retail food establishments.

NEARS also provides new data that might identify strengths 
and weaknesses of investigation practices. For example, for 
most outbreaks the investigators initiated an environmental 
assessment within a day of learning about the outbreak, which 
is a positive indicator because experts recommend initiating 
environmental assessments as quickly as possible (15). Research 
also indicates that timely and comprehensive environmental 
assessments are associated with identifying factors contributing 
to outbreaks, which is an important goal of outbreak 
investigations (14). On the other hand, for certain outbreaks, 
investigators took considerably longer (from 8 days to >14 
days) to initiate contact, suggesting a need for improvement in 
timeliness of environmental assessments. CDC provides free, 
interactive training on outbreak environmental assessments, 
a first step for health departments seeking to improve 
investigation practices (22). The CDC-funded Integrated 
Food Safety Centers of Excellence also provide free resources 
for food safety professionals (23).

Limitations
The findings in this report are subject to at least four 

limitations. First, the findings are determined from data 
reported by a limited number of state and local health 
departments. Although these health departments represent 
geographically diverse areas, the foodborne illness outbreaks 
reported to NEARS are not representative of all U.S. 
outbreaks. Second, not all outbreaks are identified, reported, 
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or investigated; therefore, the extent to which the outbreaks 
reported to NEARS represent all outbreaks that occurred in 
the reporting areas is unknown. Third, outbreak investigation 
procedures and practices vary across state and local health 
departments, possibly resulting in systematic differences in 
data collection. Finally, the manager interview data might 
be subject to social desirability bias, in which respondents 
overreport socially desirable conditions, such as the existence 
of food safety policies in their establishments.

Future Directions
Most (83.7%) foodborne illness outbreaks reported to 

NEARS also were reported to FDOSS. Therefore, the data 
from the two systems can be matched by outbreak to create a 
comprehensive outbreak data set with epidemiologic, laboratory, 
and environmental health data. Subsequent analyses of matched 
data can help guide and develop outbreak prevention efforts. For 
example, analysis of the relation between establishment policies 
(environmental health data) and outbreak size (epidemiologic 
data) can help identify effective policies. Future analyses also 
might focus on differences between outbreaks that are reported 
to both NEARS and FDOSS and outbreaks that only are 
reported to FDOSS. NEARS data also allow comparisons of 
establishments that have had bacterial outbreaks with those 
that have had viral outbreaks, which can identify characteristics 
and policies that might contribute to the likelihood of specific 
types of outbreaks.

Conclusion
NEARS provides unique data on establishments that have 

had foodborne illness outbreaks. These data increase knowledge 
about the environmental context of outbreaks and contribute to 
generating hypotheses about their causes and prevention. Use 
of NEARS data to compare characteristics of establishments 
with and without outbreaks, examine relations between 
establishments and epidemiologic characteristics, and compare 
bacterial and viral outbreaks will contribute to understanding 
the role of these factors in outbreaks. CDC is developing 
these analyses, and the information gained from them can 
help public health authorities develop data-based, effective 
approaches to prevention of foodborne illness outbreaks. 
Because NEARS data identify gaps in food safety policies and 
practices and types of establishments vulnerable to outbreaks, 
the data also can help target training and interventions for state 
and local food safety programs and the retail food establishment 
industry. (For example, the data suggest that outbreaks occur 
more often in establishments using complex food preparation.) 

Finally, NEARS data can identify gaps in environmental 
health investigation practices, such as delayed environmental 
assessments. Identifying these gaps can help investigators target 
their improvement efforts, which might include increasing 
communication among environmental health, epidemiologic, 
and laboratory programs, as well as implementing policies and 
training to support environmental assessments (24).
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TABLE 1. Foodborne illness outbreaks with a suspected or confirmed identified agent — National Environmental Assessment Reporting System, 
16 state and local health departments, 2014–2016

Agent

Suspected Confirmed Total

No. (%)* No. (%)* No. (%)*

Virus
Norovirus 66 (21.2) 124 (39.9) 190 (61.1)
Hepatitis A 0 (0.0) 2 (0.6) 2 (0.6)

Total viral outbreaks 66 (21.2) 126 (40.5) 192 (61.7)

Bacteria
Salmonella species 2 (0.6) 48 (15.4) 50 (16.1)
Clostridium perfringens 9 (2.9) 8 (2.6) 17 (5.5)
Campylobacter species 2 (0.6) 9 (2.9) 11 (3.5)
Bacillus cereus 5 (1.6) 1 (0.3) 6 (1.9)
Escherichia coli O157:H7/STEC 0 (0.0) 10 (3.2) 10 (3.2)
Staphylococcus aureus 5 (1.6) 2 (0.6) 7 (2.3)
Shigella species 0 (0.0) 2 (0.6) 2 (0.6)
Vibrio species 1 (0.3) 2 (0.6) 3 (1.0)
Listeria monocytogenes 0 (0.0) 1 (0.3) 1 (0.3)
Yersinia species 0 (0.0) 0 (0.0) 0 (0.0)

Total bacterial outbreaks 24 (7.7) 83 (26.7) 107 (34.4)

Toxin, chemical, and other†

Scombroid toxin 4 (1.3) 1 (0.3) 5 (1.6)
Ciguatoxin 1 (0.3) 0 (0.0) 1 (0.3)
Chemical 1 (0.3) 0 (0.0) 1 (0.3)
Other 3 (1.0) 2 (0.6) 5 (1.6)

Total toxin outbreaks 9 (2.9) 3 (1.0) 12 (3.9)

Total outbreaks 99 (31.8) 212 (68.2) 311 (100.0)

Abbreviation: STEC = Shiga toxin–producing Escherichia coli.
* All numbers are divided by the total number of outbreaks with a suspected or confirmed agent (denominator = 311) to obtain the percentage. Because of rounding, 

some percentages might not total 100%.
† Toxins produced by bacteria are included in the bacteria category; natural toxins, such as marine and mushroom, are included in the toxin category.



Surveillance Summaries

MMWR / February 22, 2019 / Vol. 68 / No. 1 11US Department of Health and Human Services/Centers for Disease Control and Prevention

TABLE 2. Factors contributing to foodborne illness outbreaks, by type of factor — National Environmental Assessment Reporting System, 16 
state and local health departments, 2014–2016

Contributing factor No. (%)*

Contamination of food with a foodborne illness agent
Bare-hand contact by a food handler, worker, or preparer who was suspected to have an infectious illness (C10 ) 70 (27.9)
Other mode of contamination (excluding cross-contamination) by a food handler, worker, or preparer who was suspected to have an 

infectious illness (C12)
58 (23.1)

Glove-hand contact by a food handler, worker, or preparer who was suspected to have an infectious illness (C11) 39 (15.5)
Cross-contamination of ingredients (does not include ill food workers) (C9) 28 (11.2)
Contaminated raw product — food was intended to be consumed raw or undercooked or underprocessed (C7) 15 (6.0)
Other source of contamination (C15) 24 (9.6)
Contaminated raw product — food was intended to be consumed after a kill step (C6) 14 (5.6)
Toxic substance part of the tissue (e.g., ciguatera) (C1) 5 (2.0)
Foods contaminated by nonfood handler, worker, or preparer who was suspected to have an infectious illness (C13) 9 (3.6)
Poisonous substance accidentally or inadvertently added (C3) 1 (0.4)
Foods originating from sources shown to be contaminated or polluted (C8) 4 (1.6)
Poisonous substance intentionally or deliberately added (C2) 0 (0.0)
Addition of excessive quantities of ingredients that are toxic in large amounts (e.g., niacin poisoning in bread) (C4) 0 (0.0)
Toxic container (e.g., galvanized containers with acid foods) (C5) 0 (0.0)
Storage in contaminated environment (C14) 13 (5.2)

Total contamination factors 280 (100.0)

Proliferation or growth of microbial agents in food (increase in number of bacteria or the production of toxins)
Improper or slow cooling (P8) 25 (10.0)
No attempt to control the temperature of implicated food or the length of time food was out of temperature control (during food service or 

display of food) (P2)
23 (9.2)

Improper cold holding due to malfunctioning refrigeration equipment (P4) 13 (5.2)
Improper hot holding due to an improper procedure or protocol (P7) 14 (5.6)
Improper cold holding due to an improper procedure or protocol (P5) 18 (7.2)
Food preparation practices that support proliferation of pathogens (during food preparation) (P1) 18 (7.2)
Improper hot holding due to malfunctioning equipment (P6) 5 (2.0)
Inadequate modified atmosphere packaging (e.g., vacuum-packed fish) (P10) 2 (0.8)
Improper adherence to approved plan for using time as a public health control (P3) 1 (0.4)
Prolonged cold storage (P9) 0 (0.0)
Inadequate processing (e.g., acidification, water activity, or fermentation) (P11) 1 (0.4)
Other situations that promoted or allowed microbial growth or toxin production (P12) 2 (0.8)

Total proliferation factors 122 (100.0)

Survival of foodborne illness agents after a process, such as cooking, that should have eliminated or reduced them
Insufficient time, temperature, or both during cooking or heat processing (e.g., roasted poultry, canned foods, or pasteurization) (S1) 27 (10.8)
Insufficient time, temperature, or both during reheating (S2) 12 (4.8)
Insufficient time, temperature control, or both during freezing (S3) 0 (0.0)
Insufficient or improper use of chemical processes designed for pathogen destruction (S4) 10 (4.0)
Other process failures that permit agent survival (S5) 4 (1.6)

Total survival factors 53 (100.0)

Total contributing factors 455 (100.0)

Source: CDC [Internet]. NORS guidance for contributing factors (CF) in foodborne outbreak reports. Atlanta, GA: US Department of Health and Human Services, CDC; 
2018. https://www.cdc.gov/nors/downloads/appendix-d.pdf
Abbreviations: C = contamination; P = proliferation; S = survival.
* Denominator = 251; some outbreaks had more than one identified contributing factor, so percentages sum to more than 100%. These designations (e.g., C1, P6, or 

S2) are used by outbreak investigators to refer to the type of contributing factor (e.g., contamination, proliferation, or survival) and its numerical position on the 
contributing factor list.

https://www.cdc.gov/nors/downloads/appendix-d.pdf
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TABLE 3. Characteristics of retail establishments with foodborne 
illness outbreaks — National Environmental Assessment Reporting 
System, 16 state and local health departments, 2014–2016

Establishment characteristic No. (%)*

Ownership
Independent 237 (72.9)
Chain 88 (27.1)

Total 325 (100.0)

Establishment type
Restaurant 333 (80.2)
Other 82 (19.8)

Total 415 (100.0)

Most complex food preparation process
Complex — food item requires a pathogen kill step (a 

process, such as cooking or freezing, that reduces or 
eliminates pathogens) and holding beyond same-day 
service, or a kill step and some combination of holding, 
cooling, reheating, and freezing

362 (87.2)

Cook-serve — food item is prepared for same-day service; 
at least one involves a kill step such as cooking

39 (9.4)

Prep-serve — food item is prepared and served without a 
kill step

14 (3.4)

Total 415 (100.0)

Number of meals served daily
<100 88 (29.8)
101–200 73 (24.7)
201–300 48 (16.3)
301–400 29 (9.8)
401–500 14 (4.8)
501–7,500 43 (14.6)

Total 295 (100.0)

Menu
American 232 (55.9)
Other (e.g., Mediterranean, Indian, or Spanish) 72 (17.3)
Mexican 38 (9.2)
Italian 30 (7.2)
Chinese 23 (5.5)
Japanese 16 (3.9)
Thai 4 (1.0)

Total 415 (100.0)

Critical violations on last inspection
None 142 (34.2)
>1 273 (65.8)

Total 415 (100.0)

* Denominators vary because of missing data. Because of rounding, some 
percentages might not total 100%.
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TABLE 4. Policies of retail establishments with foodborne illness 
outbreaks — National Environmental Assessment Reporting System, 
16 state and local health departments, 2014–2016

Establishment policy No. (%)*

Policy requiring food workers to tell their manager when they are ill
Yes 115 (36.2)
Yes, and it’s written 179 (56.3)
No 24 (7.5)

Total 318 (100.0)

Policy restricting or excluding ill workers from working
Yes 119 (39.1)
Yes, and it’s written 144 (47.4)
No 41 (13.5)

Total 304 (100.0)

Paid sick leave available for at least one worker
Yes 118 (38.3)
No 190 (61.7)

Total 308 (100.0)

Disposable glove use policy
Yes 198 (62.3)
Yes, and it’s written 88 (27.7)
No 32 (10.1)

Total 318 (100.0)

Glove use policy requiring food workers to wear gloves when handling 
ready-to-eat food†

Yes 278 (97.2)
No 8 (2.8)

Total 286 (100.0)

Glove use policy requiring food workers to wear gloves when they have 
cuts or other skin injuries†

Yes 278 (98.6)
No 4 (1.4)

Total 282 (100.0)

Glove use policy requiring food workers to wear gloves at all times when 
working in the kitchen†

Yes 142 (49.7)
No 144 (50.3)

Total 286 (100.0)

Kitchen manager food safety certification requirement
Yes 243 (77.4)
No 71 (22.6)

Total 314 (100.0)

* Denominators vary because of missing data and interview skip patterns. 
Because of rounding, some percentages might not total 100%.

† Only asked if the manager said they have a glove use policy.
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TABLE 5.  Characteristics of foodborne il lness outbreak 
investigations — National Environmental Assessment Reporting 
System, 16 state and local health departments, 2014–2016

Investigation characteristic No. (%)*

No. of visits needed to complete the environmental assessment
1 202 (49.9)
2 104 (25.1)
3 51 (12.3)
4 26 (6.3)
≥5 (up to 30 visits) 27 (6.5)

Total 410 (100.0)

Time interval between establishment identification for an environmental 
assessment and first contact with the establishment

Same day† 285 (68.7)
1–2 days 97 (23.4)
3–7 days 24 (5.8)
8–14 days 6 (1.4)
>14 days (up to 36 days) 3 (0.7)

Total 415 (100.0)

Time interval between establishment identification for an environmental 
assessment and establishment observation

Same day 175 (49.6)
1–2 days 99 (28.0)
3–7 days 43 (12.2)
8–14 days 18 (5.1)
>14 days (up to 103 days) 18 (5.1)

Total 353 (100.0)

Time interval between establishment identification for an environmental 
assessment and establishment manager interview

Same day† 82 (25.8)
1–2 days 62 (19.5)
3–7 days 41 (12.9)
8–14 days 27 (8.5)
15–21 days 23 (7.2)
22–28 days 18 (5.7)
29–35 days 18 (5.7)
>35 days (up to 389 days) 47 (14.8)

Total 318 (100.0)

* Denominators vary because of missing data. Because of rounding, some 
percentages might not total 100%.

† Includes one situation in which preliminary information led investigators to 
contact the establishment or conduct a manager interview before the 
establishment officially was identified for an environmental assessment.
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Growth, Survival, and Death 
of Microbes in Foods 

Food microbiologists must understand microbiology and 
food systems and be able to integrate them to solve prob
lems in complex food ecosystems. This chapter addresses 
this in three parts by (i) examining foods as ecosystems 
and discussing intrinsic and extrinsic environmental fac
tors that control bacterial growth, (ii) explaining first
order or pseudo-first-order kinetics which govern the log 
phase of microbial growth and many types of lethality, 
and (iii) focusing on physiology and metabolism of food
borne microbes. The ability of bacteria to use different 
biochemical pathways which generate different amounts 
of ATP influences their ability to grow under adverse 
conditions in foods. The generation and utilization of 
energy, "bioenergetics," quorum sensing, and the ability 
to grow as biofilms are critically important to growth in 
food. The last section of this chapter reviews the limita
tions of classical microbiology. 

FOOD ECOSYSTEMS, HOMEOSTASIS, 
AND HURDLE TECHNOLOGY 

Foods as Ecosystems 
Foods are complex ecosystems. Ecosystems are each 
composed of the environment and the organisms that 

live in it. The food environment is composed of intrin
sic factors inherent to the food (i.e., pH, water activity, 
and nutrients) and extrinsic factors external to it (i.e., 
temperature, gaseous environment, the presence of 
other bacteria). When intrinsic and extrinsic factors are 
manipulated to preserve food, food preservation can be 
viewed as "the ecology of zero growth" (15). 

When applied to microbiology, ecology can be 
defined as "the study of the interactions between the 
chemical, physical, and structural aspects of a niche and 
the composition of its specific microbial population" 
(99). "Interactions" highlights the multivariable nature 
of ecosystems. Computer modeling can be very helpful 
in understanding the complex relationship among the 
bacteria and the multiple environmental parameters 
in foods. A complete set of reviews about food eco
systems has been published by the Society for Applied 
Bacteriology (14). 

Foods can be heterogeneous on a micrometer scale. 
Heterogeneity and its associated gradients of pH, oxy
gen, nutrients, water activity etc. are key ecological fac
tors in foods (15). Foods may contain several distinct 
microenvironments. This is well illustrated by the food 
poisoning outbreaks in "aerobic" foods caused by the 
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"obligate anaerobe" Clostridium botulinum. Growth of C. 
botulinum in foods such as potatoes and sauteed onions 
exposed to air has caused botulism outbreaks (85). The 
oxygen in these foods is driven out during cooking and 
diffuses back in so slowly that, while the surface layer is 
aerobic, the bulk of the product remains anaerobic. 

Intrinsic Factors that Influence 
Microbial Growth 
Those factors inherent to the food are "intrinsic" factors. 
These include natural food compounds that stimulate 
or retard microbial growth, added preservatives, the 
oxidation-reduction potential, water activity, and pH. 
Most of these factors are covered separately in the chap
.ters on physical and chemical methods of food preserva
tion. The influence of pH is particularly important and 
covered in some depth below. 

Intracellular pH (pHJ must be maintained above some 
critical pHi at which intracellular proteins become irre
versibly denatured. Three progressively more stringent 
mechanisms, the "homeostatic response," the "acid tol
erance response," and the synthesis of "acid shock" pro
tein maintain a pHi consistent with viability. These have 
been studied most extensively in Salmonella enterica 
serovar Typhimurium (53, 54, 135). 

The "homeostatic" response helps cells maintain their 
pHi in mildly acidic ( external pH [pH

0
] > 6. 0) conditions. 

The homeostatic response maintains pHi by allosteri
cally modulating the activity of proton pumps, antiports, 
and symports to increase the rate at which protons are 
expelled from the cytoplasm. The homeostatic mecha
nism is constitutive and functions in the presence of pro
tein synthesis inhibitors. The proton-translocating F0F1 

ATPase described in the bioenergetics section (below) is 
especially important in regulating pHi. 

The "acid tolerance response" (ATR) is triggered by a 
pH

0 
of 5.5 to 6.0 (52, 53) and maintains a pHi of >5.0 at 

pH
0 

values as low as 4.0. Optimal pH for triggering the 
ATR response varies by organism (74). In Listeria mono
cytogenes, ATR appears to involve the membrane-bound 
F0F1 ATPase proton pump (18, 90). In enterobacteria at 
least four regulatory systems, an alternative sigma factor, 
a two-component signal transduction system (PhoPQ), 
the major iron-regulatory protein Fur, and Ada (involved 
in adaptive response to alkylating agents), are involved 
with acid survival (10). These systems may be activated 
depending on whether the stress is from an inorganic or 
organic acid (9). Loss of the gene encoding the general 
transcription factor cr8 in L. monocytogenes diminishes 
acid tolerance but has no effect on virulence in a mouse 
model (143). Induced ATR in Escherichia coli 0157: 
H7 alters the expression of 86 genes, of which 6 are 
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important for low-pH survival (1). The ATR response 
differs for log-phase and stationary-phase cells. In Sal
monella serovar Typhimurium, OmpR is critical to sta
tionary-phase ATR but not to the log-phase ATR (2, 3). 
In addition, the ATR response of Salmonella serovars can 
differ; Salmonella enterica serovar Typhi is 200 to 2,000 
times more susceptible to lethal acidity than Salmonella 
serovar Typhimurium. Acid-adapted salmonellae have 
increased resistance to a low-pH gastric environment, 
which may increase virulence (56). 

The ATR may confer cross-protection to other envi
ronmental stressors. Acid adaptation increases heat and 
freeze-thaw resistance of Escherichia coli 0157:H7 (78). 
The exposure of Salmonella serovar Typhimurium cells 
to pH 5.8 for a few cell doublings induces 12 proteins, 
represses 6 proteins, and renders the cells less sensitive to 
sodium chloride and heat (81). Exposure of S. enterica 
serovar Typhimurium to short-chain fatty acids increases 
acid resistance (77). Following exposure to nisin, sur
vival of acid-adapted L. monocytogenes is approxi
mately 10-fold greater than that of nonadapted cells 
(139). Acid-adapted L. monocytogenes has increased 
resistance against heat shock, osmotic stress, alcohol 
stress (118), and nisin (19). Acid adaptation of E. coli 
0157:H7 enhances thermotolerance (41). 

The third way that cells regulate pHi, the synthesis 
of acid-shock proteins, is triggered by pH

0 
from 3.0 to 

5.0. Acid-shock proteins are a set of trans-acting regu
latory proteins. The majority of acid-induced proteins 
in L. monocytogenes are common for the responses 
to acid adaptation and acid stress (118), but some are 
unique. Three stationary phase-dependent acid resis
tance systems protect E. coli 0157:H7 under extreme 
acid (pH 2.5 or less). These include the oxidative or 
glucose-repressed system, the glutamate decarboxylase 
system, and the arginine decarboxylase system (30). 
DNA-binding proteins (Dps) interact with DNA to form 
stable complexes which protect the DNA from acid
mediated damage (33). Survival of an E. coli 0157:H7 
dps mutant is significantly less ( 4 log CFU/ml reduction) 
than the parent strain ( 1 log CFU/ml reduction) after 
acid (pH 1.8) exposure. 

External pH (pH
0

) can also regulate the expression 
of genes governing proton transport, amino acid deg
radation, adaptation to acidic or basic conditions, and 
even virulence ( 113). The expression of the Yersinia 
enterocolitica inv gene in laboratory media at 23°C but 
not at 3 7°C seems paradoxical, since its expression is 
required for infection of warm-blooded animals. How
ever, at the pH of the small intestine (5.5), the inv gene is 
expressed at 37°C (117). The yst gene, which codes for a 
heat-stable enterotoxin in Y. enterocolitica, is regulated 
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similarly (94 ). The toxR gene, which controls expres
sion of cholera toxin in Vibrio cholerae, is regulated in 
part by pH (101). In Salmonella, exposure to low pH 
enhances survival in macrophages. Salmonella enterica 
serovar Dublin virulence genes are induced by low pH 
(127). Exposure of Salmonella enterica serovar Enteriti
dis to pH 10 or 1.5% trisodium phosphate significantly 
increases thermotolerance (122). 

Extrinsic Factors that Influence 
Microbial Growth 
Temperature and gas composition are the primary extrin
sic factors influencing microbial growth. Controlled and 
modified atmospheres are covered in depth in chapter 32. 
The influence of temperature on microbial growth and 
physiology cannot be overemphasized. While the influ
ence of temperature on growth kinetics is obvious and 
covered here in some detail, the influence of temperature 
on gene expression is equally important. Cells grown at 
refrigerated temperature express different genes and are 
physiologically different than those grown at ambient 
temperature. Later chapters provide organism-specific 
detail about the way temperature regulates phenotypes 
ranging from motility to virulence. 

A "rule of thumb" in chemistry suggests that reaction 
rates double with every 10°C increase in temperature. 
This simplifying assumption is valid for bacterial growth 
rates only over a limited range of organism-dependent 
temperatures (Fig. 1.1 ). Bacteria are classified as psy
chrophiles, psychrotrophs, mesophiles, and thermo
philes according to the way in which temperature influ
ences their growth. 

Both psychrophiles and psychrotrophs grow, albeit 
slowly, at 0°C. True psychrophiles have optimum growth 

Psychrophile 
Example: 
Flavobacterium 

Psychrotroph 
Example: 
Listeria 

rates at 15°C and cannot grow above 25°C. Psychro
trophs, such as L. monocytogenes and C. botulinum type 
E, have optima of -25°C and cannot grow above 40°C. 
Because these foodborne pathogens, and even some 
mesophilic Staphylococcus aureus strains, can grow at 
< 10°C, conventional refrigeration cannot ensure the 
safety of a food (116). Additional barriers to microbial 
growth should be incorporated into refrigerated foods 
containing no other inhibitors (102). 

Several metabolic capabilities are important for 
growth in the cold. Homeoviscous adaptation enables 
cells to maintain membrane fluidity at low temperatures. 
As temperature decreases, cells synthesize increasing 
amounts of mono- and diunsaturated fatty acids (36, 
124 ). The "kinks" caused by the double bonds prevent 
tight packing of the fatty acids into a more crystalline 
array. The accumulation of compatible solutes at low 
temperatures (70) is analogous to their accumulation 
under conditions of low water activity, as discussed in 
chapters 32 and 33. The membrane's physical state can 
regulate the expression of genes, particularly those that 
respond to temperature (140). The production of cold 
shock proteins (CSPs) contributes to an organism's abil
ity to grow at low temperatures. CSPs appear to function 
as RNA chaperones, minimizing the folding of mRNA, 
thereby facilitating the translation process. Strepto
coccus thermophilus CSPs are maximally expressed at 
20°C. Northern blot analysis revealed a ninefold induc
tion of esp mRNA and that its regulation takes place 
at the transcriptional level (147). Pretreatment at 20°C 
increases survival approximately 1,000-fold compared 
to nonadapted cells. E. coli CSPs are categorized into 
two groups. Class I proteins are expressed at low lev
els at 37°C and increase dramatically after shift to low 

Mesophile 
Example: 
Escherichia 

Toermophile 
Example: 
Thermus 

0 20 40 
Temperature 

60 80 

Figure 1.1 Relative growth rates of bacteria at different temperatures. 
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temperature. Class II CSPs increase only a fewfold after 
downshift in temperature (134). Cold-shocking L. 
monocytogenes from 37 to 5°C induces 12 CSPs with 
molecular weights ranging from 48,000 to 14,000 (8). 
Expression of the fri gene, encoding ferritin, protects L. 
monocytogenes against multiple stresses including cold 
and heat shock (43). Exposure of E. coli 0157:H7 to 
cold stress decreases its acid tolerance ( 44). 

Temperature regulates the expression of virulence 
genes in several pathogens. The expression of 16 proteins 
on seven operons on the Y. enterocolitica virulence plas
mid is high at 37°C, weak at 22°C, and undetectable at 
4°C (126). Similarly, the gene(s) required for virulence of 
Shigella spp. is expressed at 37°C, but not at 30°C. The 
expression of genes required for L. monocytogenes viru
lence is also temperature regulated (79). Cells grown at 4, 
25, and 37°C all synthesize internalin, a protein required 
for penetration of the host cell. Cells grown at 37°C, but 
not those grown at 4 or 25°C, are hemolytic. However, 
the hemolytic activity is restored during the infection pro
cess (35). Temperature influences expression of Vibrio 
cholerae toxT and toxR genes essential for cholera toxin 
production. Maximal expression occurs at 3 0°C, whereas 
at 37°C expression is significantly decreased or abolished 
(101, 123). In enterohemorrhagic E. coli, temperature 
modulates transcription of the esp genes; synthesis of Esp 
proteins is enhanced when bacteria are grown at 37°C. 
Esp proteins are required for signal transduction events 
leading to the formation of the attaching and effacing 
lesions linked to virulence ( 11). 

The growth temperature can influence a cell's thermal 
sensitivity. L. monocytogenes cells preheated at 48°C 
have increased thermal resistance (50). Holding listeria 
at 48°C for 2 h in sausages increases their D values at 
64°C by 2.4-fold. This thermotolerance is maintained 
for 24 h at 4°C (48). Subjecting E. coli 0157:H7 cells 
to sublethal heating at 46°C increases their D value at 
60°C by 1.5-fold. Two proteins, putatively GroEL and 
DnaK, increase following heat shock (67). The role of 
heat shock proteins in increased thermal resistance is 
discussed in more depth in chapter 32. In short, the heat 
shock response and regulated synthesis of heat shock 
proteins (HSPs) in gram-negative bacteria can differ 
markedly from gram-positive bacteria. Many HSPs are 
molecular chaperones (e.g., DnaK and GroEL) or ATP
dependent proteases (e.g., Lon and ClpAP) and function 
in protein folding, assembly, transport, and repair under 
stress and nonstress conditions (136, 148). Shock pro-· 
teins synthesized in response to one stressor may provide 
cross-protection against other stressors ( 81). Exposing 
Bacillus subtilis to mild heat stress enables the organ
ism to survive not only otherwise-lethal temperatures 
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but also exposure to toxic concentrations of NaCl (141). 
Heat adapted (50°C for 45 min) listeriae are more resis
tant to acid shock (118). Similarly, sublethal heat treat
ment of E.coli 0157:H7 cells increases their tolerance to 
acidic conditions (142). 

THE IMPORTANCE OF FIRST-ORDER 
KINETICS 

Growth Kinetics 
Food microbiology is concerned with all four phases of 
microbial growth. Growth curves showing the lag, expo
nential logarithmic or log, stationary, and death phases 
of a culture are normally plotted as the number of cells 
on a logarithmic scale or log10 cell number versus time. 
These plots represent the states of microbial populations 
rather than individual microbes. Thus, both the lag phase 
and stationary phase of growth represent periods when 
the growth rate equals the death rate to produce no net 
change in cell numbers. 

During the lag phase, cells adjust to their new envi
ronment by inducing or repressing enzyme synthesis and 
activity, initiating replication of DNA, and, in the case of 
spores, differentiating into vegetative cells (see chapter 
3). The length of the lag phase depends on temperature, 
the inoculum size {larger inocula usually have shorter lag 
phases), and the physiological history of the organism. If 
actively growing cells are inoculated into an identical fresh 
medium at the same temperature, the lag phase may vanish. 
Conversely, these factors can be manipulated to extend the 
lag phase beyond the time where some other food quality 
attribute (such as proteolysis or browning) becomes unac
ceptable. Foods are generally considered microbially safe 
if obvious spoilage precedes microbial growth. However, 
"spoiled" is a subjective and culturally biased concept. It is 
safer to create conditions that prevent growth altogether. 

During the exponential or log phase of growth, bacte
ria reproduce by binary fission. One cell divides into two 
cells, which divide into four cells, which divide into eight 
cells, etc. Thus, during exponential growth, first-order 
reaction kinetics can be used to describe the change in cell 
numbers. Food microbiologists often use doubling times 
as the kinetic constant to describe the rate of logarithmic 
growth. Doubling times (td), which are also referred to as 
"generation" times (tgenl, are related to classical kinetic 
constants as shown in Table 1.1. 

The influence of different parameters on a food's 
final microbial load can be illustrated by manipulating 
the equations in Table 1.1. Equation la states that the 
number of organisms (N) at any time is directly propor
tional to the initial number of organisms (N0). Thus, 
decreasing the initial microbial load 10-fold will reduce 
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Table 1.1 First-order kinetics can be used to describe exponential growth and inactivation 

Growtha Thermal inactivation& Irradiation' 

la. N = N 0e"' lb. N = N 0e-k' 

2a. 2.3log(N/N0) = µM 

3a. /1t = [2.3log(N/N0)]/µ 

4a. td = 0.693/µ 

2b. 2.3log(N/N0) = -(Mt) 

3b. /1t = -[2.3log(N/N0)]/k 

4b. D = 2.3/k 

Sb. Ea = 2.3~T1 T2 x ; 

"N, cell number (CFU/g); N0, initial cell number (CFU/g); t, time (h); µ, specific growth rate (h- 1
); td, doubling time (h). 

"k, rate constant (h- 1); D, decimal reduction time (h) at a constant temperature; Ea, activation energy (kcal/mol); T 1 T2, 

reference temperature and test temperature (Kelvin); z, degrees required to change D value by a factor of 10. 
'Do, rate constant (h- 1); Ds, dose (grays). 

the cell number at any time by 10-fold, although at 
extended times, the population from the lower inoculum 
may reach the same final number. Because the instanta
neous specific growth rate (µ) and time are in the power 
function of the equation, they have more marked effects 
on N. Consider a food where N 0 = 1 X 104 CFU/g and 
µ = 0.2 h-1 at 37°C. After 24 h, the cell number would 
be 1.2 X 106 CFU/g. Reducing the initial number by 10-
fold will reduce the number after 24 h 10-fold to 1.2 X 

105 CFU/g. However, reducing the temperature from 37 
to 7°C has a much more profound effect. If one makes the 
simplifying assumption that the growth rate decreases two
fold with every 10°C decrease in temperature, thenµ will 
be decreased eightfold to 0.025 h-1 at 7°C. When equation 
la is solved using these values (i.e., N = 104e0·025 x 24), then 
Nat 24 his 1.8 X 104 CFU/g. Both time and temperature 
have much greater influence over the final cell number 
than does the initial microbial load. 

Equation 3a can be used to determine how long it will 
take a microbial population to reach a certain level. Con
sider the case of ground meat manufactured with an N 0 

of 1 X 104 CFU/g. How long can it be held at 7°C before 
reaching a level of 108 CFU/g? According to equation 3, 
t = [2.3(log108/104)]/0.025 or 368 h. 

Food microbiologists frequently use doubling times 
(td) to describe growth rates of foodborne microbes. The 
relationship between td and µ is more obvious if equa
tion 2a is written using natural logs (i.e., ln[N/N0] = 
µllt) and solved for the condition where t is equal to td 

and N is equal to 2N0• Since the natural log of 2 is 0.693, 
the solution for equation 2a is 0.693/µ = td (equation 
4a). The average rate constant k, defined as the number 
of generations per unit time (i.e., 1/tgenl, is also used by 
applied microbiologists. The instantaneous growth rate 
constant is related to k by the equationµ = 0.693k. Both 
rate constants characterize populations in the exponen-

tial phase of growth. Some typical specific growth rates 
and doubling times are given in Table 1.2. 

Death Kinetics 
The killing of microbes by energy input (equations lb, 
le), acid, bacteriocins, and other lethal agents is often 
governed by first-order kinetics. If one knows the initial 
microbial number, the first-order rate constant, and the 
time of exposure, one can predict the number of viable 
cells remaining. In food microbiology, the D value (deci
mal reduction time; amount of time required to reduce N0 

by 90% at a constant temperature) is the most frequently 
used kinetic constant. The use of D values in thermobac
teriology is covered in more depth in chapter 32. D values 
are inversely proportional to the rate constant k as shown 
in equation 4b. Both D and k values are defined for a 
given temperature. The relationship between k and Tis 
related to the activation energy E. as determined by the 
Arrhenius equation, k = s-EatRT, wheres is the frequency 
constant, R is the ideal gas constant, and T is degrees 
Kelvin. In thermobacteriology, the relationship between 
D and Tis given by the z value. The z value is defined as 
the number of degrees Fahrenheit required to change the 
D value by a factor of 10. The z value is related to the Ea 

Table 1.2 Representative specific growth rates and doubling 
times of microorganisms 

Microorganism µ (h-') F(h) 

Bacteria 

Optimal conditions 2.3 0.3 

Limited nutrients 0.20 3.46 

Psychrotroph, S°C 0.023 30 

Molds, optimal 0.1-0.03 6.9-23 
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by the equation z = 2.3RT1 T/Ea X (9/5), where T1 and 
T2 are actual and reference temperatures. A z value of 
l 8°F equals an Ea of about 40 kcal/mol. 

MICROBIAL PHYSIOLOGY 
AND METABOLISM 
The Second Law of Thermodynamics dictates that all 
things progress to the state of maximum randomness in 
the absence of energy input. Since life is an ordered pro
cess, all living things must generate energy. Foodborne 
bacteria do this by oxidizing reduced compounds. Oxi
dation only occurs in a chemical couple where the oxi
dation of one compound is linked to the reduction of 
another. In the case of aerobic bacteria, the initial carbon 
source, glucose, is oxidized to carbon dioxide, oxygen is 
reduced to water, and 38 ATP are generated. Most of the 
ATP is generated through oxidative phosphorylation in 
the electron transport chain. In oxidative phosphoryla
tion, the energy of the electrochemical gradient gener
ated when oxygen is used as the terminal electron accep
tor drives the formation of a high-energy bond between 
inorganic phosphate and an adenine nucleotide. Anaer
obic bacteria, which lack functional electron transport 
chains, must reduce an internal compound through the 
process of fermentation and generate only 1 or 2 mol of 
ATP per mol of hexose catabolized. In this case, ATP is 
formed by substrate-level phosphorylation and the phos
phate group is transferred from an organic compound to 
the adenine nucleotide. 

Glycolytic Pathways-Carbon Flow and 
Substrate Level Phosphorylation 

Embden-Meyerhof-Parnas Pathway 
The most commonly used pathway for glucose catabo
lism (glycolysis) is the Embden-Meyerhof-Parnas (EMP) 
pathway (Fig. 1.2). In many organisms, the pathway is 
bidirectional (i.e., amphibolic) and synthesizes glucose, 
glycogen, or starch. The overall rate of glycolysis is 
regulated by the activity of phosphofructokinase. This 
enzyme converts fructose-6-phosphate to fructose-1,6-
bisphosphate. Phosphofructokinase activity is subject to 
allosteric regulation, where the binding of AMP or ATP 
at one site inhibits or stimulates (respectively) the phos
phorylation of fructose-6-phosphate at the enzyme's 
active site. Fructose-1,6-bisphosphate activates lactate 
dehydrogenase (see below) so that the flow of carbon 
to pyruvate is tightly linked to the regeneration of NAD 
when pyruvate is reduced to lactic acid. 

Another key enzyme of the EMP pathway is aldol
ase. The ultimate fermentation end products generated 
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by the catabolism of pentoses and hexoses are partially 
determined by which enzyme converts the sugars to 
smaller units. Aldolase cleaves one molecule of fructose-
1,6-bisphosphate to two three-carbon units: dihydroxy
acetone phosphate and glyceraldehyde-3-phosphate. 
Other glycolytic pathways use keto-deoxyphosphoglu
conate (KDPG) aldolase to make two three-carbon units 
or phosphoketolase to produce one two-carbon com
pound and one three-carbon unit. Substrate-level phos
phorylation generates a net gain of two ATP when 1,3-
diphosphoglycerate and phosphoenolpyruvate donate 
phosphoryl groups to ADP. 

Entner-Doudoroff Pathway 
The Entner-Doudoroff pathway is an alternate glycolytic 
pathway that yields one ATP per molecule of glucose and 
diverts one three-carbon unit to biosynthetic pathways. 
In aerobes that use this pathway, such as Pseudomonas 
species, the difference between forming one ATP by 
this pathway versus the two ATP formed by the EMP 
pathway is inconsequential compared to the 34 ATP 
formed from oxidative phosphorylation. In the Entner
Doudoroff pathway, glucose is converted to 2-keto-3-
deoxy-6-phosphogluconate. The enzyme KDPG aldolase 
cleaves this to one molecule of pyruvate ( directly, with
out the generation of an ATP) and one molecule of 3-
phosphoglyceraldehyde. The 3-phosphoglyceraldehyde 
is then catabolized by the same enzymes used in the EMP 
pathway with the generation of one ATP by substrate
level phosphorylation using phosphoenol pyruvate as 
the phosphoryl group donor. 

Heterofermentative Catabolism 
Heterofermentative bacteria, such as Leuconostoc and 
some lactobacilli, have neither aldolases nor KDPG 
aldolase. The heterofermentative pathway is based on 
pentose catabolism. The pentose can be obtained by 
transport into the cell or by intracellular decarboxyl
ation of hexoses. In either case, the pentose is converted 
to xylulose-5-phosphate with ribulose-5-phosphate as 
an intermediate. The xylulose-5-phosphate is cleaved by 
phosphoketolase to a glyceraldehyde-3-phosphate and 
a two-carbon unit which can be converted to acetalde
hyde, acetate, or ethanol. Although this pathway yields 
only one ATP, it offers cells a competitive advantage 
by allowing them to utilize pentoses which homolactic 
organisms cannot catabolize. 

Homofermentative Catabolism 
Homofermentative bacteria in the genera Lactococcus 
and Pediococcus and some Lactobacillus species pro
duce lactic acid as the sole fermentation product. The 
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Figure 1.2 Major catabolic pathways used by foodborne bacteria. 
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EMP pathway is used to produce pyruvate, which is 
then reduced by lactate dehydrogenase, forming lactic 
acid and regenerating NAD. Some Lactobacillus species, 
such as Lactobacillus plantarum (137), are character
ized as "facultatively heterofermentative." Hexoses are 
their preferred carbon source and are metabolized by the 
homofermentative pathway. If only pentoses are avail
able, the cell shifts to a heterofermentative mode. When 
grown at low hexose concentrations, these bacteria do 

not make enough fructose-1,6-bisphosphate to activate 
their lactate dehydrogenase. This also causes them to 
shift to heterofermentative catabolism. 

The Tricarboxylic Acid Cycle 
The tricarboxylic acid (TCA) cycle links glycolytic path
ways to respiration. It generates NADH2 and FADH2 as 
substrates for oxidative phosphorylation while providing 
additional ATP through substrate level phosphorylation. 
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With each turn of the TCA cycle, 2 pyruvate + 2 ADP 
+ 2 FAD + 8 NAO ~ 6 CO2 + 2 ATP + 2 FADH2 + 
8 NADH. Succinic acid, oxaloxlate, and a-ketoglutarate 
link the TCA cycle to amino acid biosynthesis. The TCA 
cycle is used by all aerobes, but some anaerobes lack all of 
the enzymes required to have a functional TCA cycle. 

The tricarboxylic acid cycle is also the basis for two 
industrial fermentations important to the food industry. 
The microbial production of citric acid by Aspergillus 
niger and Aspergillus wenti and of glutamic acid by 
Corynebacterium glutamicum depends on mutations that 
affect a-ketoglutarate dehydrogenase and cause TCA 
intermediates to accumulate. 

Aerobes, Anaerobes, the Regeneration 
of NAD, and Respiration 
The flow of carbon to pyruvate always consumes NAD, 
which must be regenerated for continued catabolism. 
When NADH2 is oxidized to NAD, another compound 
must be reduced, i.e., serve as an electron acceptor. Aer
obes having electron transport chains use molecular oxy
gen as the terminal electron acceptor during oxidative 
phosphorylation. As electrons travel down the electron 
transport chain, protons are pumped out, forming a pro
ton gradient across the membrane. This proton gradient 
can be converted to ATP by the action of the F0F1 ATPase. 
Oxidation of NAD(P)H2 yields three ATP. Oxidation of 
FADH2 yields two ATP. ATP and NADH are thus, in a 
sense, interconvertible. Sulfur and nitrite can also serve as 
terminal electron acceptors in "anaerobic respiration." 

Anaerobes, in contrast, have a fermentative metab
olism. Fermentations oxidize carbohydrates in the 
absence of an external electron acceptor. The final elec
tron acceptor is an organic compound produced dur
ing carbohydrate catabolism. In the most obvious case, 
pyruvic acid is the terminal electron acceptor when it 
accepts an electron from NADH and is reduced to lactic 
acid. Some anaerobes are aerotolerant and can generate 
more energy in the presence of low levels of oxygen than 
in its absence. For example, some lactic acid bacteria 
have inducible NADH oxidases that regenerate NAD by 
reducing molecular oxygen to H20 2 (137). This spares 
the use of pyruvate as an electron acceptor and allows 
it to be converted to acetic acid with the generation of 
an additional ATP. These lactic acid bacteria have an 
NADH peroxidase which detoxifies the H 20 2• Obligate 
anaerobes cannot detoxify H20 2 and die when exposed 
to air. 

Bioenergetics 
All catabolic pathways generate energy with which the 
bacteria can perform useful work. Energy generation and 
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utilization are critical to microbial life. Several excellent 
reviews (68, 88) and books (63,104) on bioenergetics pro
vide depth and clarity. The preceding section on microbial 
biochemistry stressed the role of ATP in the cell's energy 
economy, but transmembrane gradients of other com
pounds play an equally important role. Transmembrane 
gradients release energy when one compound moves from 
high concentration to low concentration (i.e., "with the 
gradient"). This energy can be coupled to the transport of 
a second compound from a low concentration to a high 
concentration (i.e., "against the gradient"). 

According to Mitchell's chemiosmotic theory, the pro
ton motive force (PMF) has two components. An elec
trical component, the membrane potential (AW), rep
resents the charge potential across the membrane. The 
transmembrane pH gradient (ApH) is the second com
ponent. Together, these constitute the PMF, as stated by 
the equation PMF = A'I' - zApH. In this equation, z is 
equal to 2.3 RTIF, R is the gas constant, Tis the absolute 
temperature, and Fis the Faraday constant. The factor z 
converts the pH gradient into millivolts and has a value 
of 59 m V at 25°C. The PMF is defined as being inte
rior negative and alkaline, resulting in a negative value. 
(In the equation above, zApH is not being subtracted 
from AW, but it makes this negative term more nega
tive.) There also is some interconversion of the AW and 
the ApH components of PMF. If, for example, the A pH 
component decreases when an organism is transferred 
to a more neutral environment, the cell compensates by 
increasing AW so that the total PMF remains relatively 
constant. PMF values can be as high as -200 m V for 
aerobes, or in the range of -100 mV to -150 mV for 
anaerobes. Protein phosphorylation, flagellar synthe
sis and rotation, reversed electron transfer, and protein 
transport use PMF as an energy source ( 63). 

PMF is generated by several mechanisms (Fig. 1.3 ). 
The translocation of protons down the electrochemical 
gradient during respiration generates a proton gradient. 
The oxidation of NADH is accompanied by the export 
of enough protons to make three ATP. The proton gradi
ent is converted to ATP by the F0F1 ATPase when it is 
driven in the direction of ATP synthesis (88). The bacte
rial F0F1 ATPase is nearly identical to chloroplast and 
mitochondrial F0F1 ATPases. 

The F0F1 ATPase is reversible. Aerobes use it to con
vert PMF to ATP. In anaerobes, it converts ATP to PMF. 
Maintaining internal pH homeostasis may be the princi
pal role of the F0F1 ATPase in anaerobes (68). Internal pH 
not only influences the activity of cytoplasmic enzymes, 
but it also regulates the expression of genes responsible 
for functions ranging from amino acid degradation to 
virulence ( 113). Anaerobes deacidify their cytoplasms 



1. GROWTH, SURVIVAL, AND DEATH OF MICROBES IN FOODS 11 

W RESPIRATION 

ANION 
EXCHANGE 

acid+ 

alkaline-

ATP -""1111 

lactate -1 

malate -2 

ADP+ P; 

lactate -1 X H+ 

---t.,.._.+-._. malate -2 CO
2 

ATPase 
PROTON 
PUMP 

lactate - nH+ acetate - nH+ 

END PRODUCT EFFLUX 

Figure 1.3 Proton motive force can be generated by respiration, ATP hydrolysis, end
product efflux, or anion exchange mechanisms. Modified from reference 137. 

using the F0F1 ATPase to pump protons out. The pro
ton pumping is driven by ATP hydrolysis. Some of the 
energy lost from ATP hydrolysis can be recovered if the 
resultant proton gradient is used to perform useful work, 
such as transport (see below). Most bacteria maintain 
their internal pH (pHJ near neutrality, but lactic acid 
bacteria can tolerate lower pHi values and expend less 
ATP on pH homeostasis. Acid-induced death is the direct 
result of an excessively low pHi. 

Given their limited capacity for ATP generation, it is 
not unexpected that some lactic acid bacteria can also 
generate ~pH by ATP-independent mechanisms. The elec
tropositive excretion of protons with acidic end products 
(93) has been demonstrated for lactate and acetate. For 
example, under some conditions, Lb. plantarum excretes 
three protons per molecule of acetate, thus sparing one 
ATP (137). The antiport (see below) exchange of precur
sor and product in anion degrading systems, such as the 
malate2-:lactate1- exchange of the malolactic fermenta
tion, might contribute to the generation of SIJi' (88). 

Bacteria have evolved several mechanisms to achieve 
similar ends. The accumulation of compounds against a 

gradient (i.e., transport) is work and requires energy. In 
the case of primary transport systems and group translo
cation, this work is done by phosphoryl group transfer 
(Fig. 1.4). Secondary transport systems are fueled by the 
energy stored in the gradients which make up the PMF. 

Cell Signaling and Quorum Sensing 

Introduction 
The explosion of papers on cell-to-cell communica
tion gives new perspectives to many food microbiology 
issues. Many reviews of quorum sensing (6, 8, 95, 128) 
and signal transduction (64, 72, 75, 119, 131) provide 
the details. Both mechanisms turn on genes that would 
be superfluous to isolated cells, but which are advanta
geous to large populations. Cellular communication is 
by two main mechanisms: 

, The two-component signal transduction system is com
posed of a membrane-spanning histidine kinase sensor 
and a response regulator protein. Three-component sys
tems are used extensively by lactic acid bacteria, which 
can excrete small, often antimicrobial, peptides as the 
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autoinducer. Although signal transduction is used for 
quorum sensing, not all signal transduction is related to 
quorum sensmg. 

• The quorum sensing homoserine lactone system is based 
on autoinducer diffusion across membranes. When a 
threshold concentration is reached, the autoinducers 
interact with intracellular regulator proteins to modulate 
gene transcription. Strictly speaking, "quorum sensing 
controlled behaviors are those that only occur when bac
teria are present in high cell numbers" (6). 

Signal Transduction 
The two-component "signal transduction" system con
sists of a histidine kinase receptor and a response regu
lator. An extracellular "trigger" molecule binds at the 
N terminus on the "out" side of an integral membrane 
protein kinase. The protein kinase transduces the signal 
across the membrane through a conformational change 
to increase the kinase activity at its C-terminal cytoplas
mic side. The increased kinase activity phosphorylates a 
response regulator protein. The phosphorylated response 
regulator protein can modulate gene expression, enzy
matic activity, or flagellar rotation (64). Signal molecules 
of gram-positive bacteria are usually small posttrans
lationally processed peptide signals. Lactic acid bacte
ria use a three-component system. The signal is a small 
peptide coded for by structural genes on the operon. It 

is excreted, sometimes after posttranslational modifica
tion. When the peptide reaches a certain extracellular 
concentration, it binds to a specific receptor, transduces 
a signal to phosphorylate a response regulator, and up
regulates its own synthesis (119, 131). This has been 
studied extensively for the !antibiotic nisin (72). 

Quorum Sensing 
"Quorum sensing" is fundamentally different from sig
nal transduction. Rather than acting on a transmem
brane protein, the signal compound diffuses across the 
membrane and binds to a regulator protein that affects 
transcription of a regulon(s) to elicit a cellular response 
(7, 144). The signal compound is made by a gene prod
uct of the same regulon and, hence, is autoinduced (6). 

In gram-negative bacteria, N-acyl homoserine lac
tones (abbreviated in the literature as both AHLs and 
HSLs) generally act as signaling molecules (132). These 
are referred to as AI-1 (autoinducer 1) and are synthe
sized by AHL synthase, encoded by the luxI gene. AHLs 
obtain their species specificity from their differing acyl 
side chains. AI-2, originally thought to be unique to Vib
rio, is a furanosyl-bromide diester product of LuxS. LuxS 
is encoded by luxS, which is also involved in the synthe
sis of the newly discovered AI-3. At high concentration, 
these molecules bind to and activate a transcriptional 
activator which in turn induces target gene expression. 
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In most bacteria, signaling molecules are at their great
est concentration during stationary phase; however, for 
E. coli 0157:H7 and Salmonella serovar Typhimurium, 
quorum sensing is critical for regulating behavior in 
the prestationary phase of growth (132). Moreover, 
unlike other gram-negative bacteria, the inhibitory activ
ity does not require transcription or translation to be 
effective. 

Examples of Cell Signaling 
in Foodborne Microbes 
Given the current excitement about quorum sensing, it is 
tempting to speculate that it has a role in spoilage (66). 
However, many studies use a positive bioluminescence 
response in the Vibrio harveyi or other detection systems 
as evidence of quorum sensing, without actually isolat
ing the autoinducing compound or identifying a regu
lated phenotype. Such signals have been detected in a 
variety of organisms in a variety of foods. Cloak et al. 
(34) used an AI-2 detecting system to find positive sig
nals from Campylobacter, Salmonella, and E.coli 0157: 
H7 in broth, chicken soup, and milk. All of these pro
duced a response, but in amounts that varied by 1,000-
fold. Conceptually similar studies (60) detected positive 
signals in bean sprouts, vacuum-packed beef, fish fillet, 
and turkey where the microbiota contains Enterobac
teriaceae, Pseudomonas, Aeromonas, Shewanella, and 
Photobacterium. Other foods, and preservatives such as 
sodium benzoate and sodium propionate, could inhibit 
the bioluminescence response (84). 

Table 1.3 Examples of quorum sensing in food microbiology 

A more rigorous study casts doubt on the linkage of 
quorum sensing and spoilage. Bruhn and coworkers (25) 
used thin-layer chromatography and mass spectrometry 
to demonstrate that the bioluminescence-inducing com
pound in five samples of commercial vacuum-packaged 
meat was N-3-oxo-hexanoyl homoserine lactone. How
ever, meat spoiled at the same rate whether it was inocu
lated with wild-type strains or AHL synthase knockout 
mutants. Furthermore, addition of halogenated furones 
(quorum-sensing inhibitors) did not influence spoilage, 
leading to the conclusion that quorum sensing does not 
regulate spoilage in vacuum-packed meat. 

There are many phenotypes where a role for cell sig
naling has been established at a genetic level (Table 1.3). 
Many of these effects are pleiotropic. The discovery of 
autoinduction in bacteriocin-producing lactic acid bac
teria explains the hitherto puzzling loss of bacteriocin 
production by cells which still have the requisite genes 
(and the ability to coax it back by adding supernatants 
from normally producing cultures) and the fact that 
some strains produce bacteriocins on agar but not liquid 
media. 

Caveats 
Fuqua and Greenberg (57) caution that communica
tion requires not only the sending of a signal, but also 
receiving and acting on the information. AI-2 certainly 
meets these criteria in V: harveyi, but V: harveyi's ability 
to receive and respond to AI-2 produced by other species 
does not prove that the other species hear and respond 

Organism Signal system Phenotype Genetic involvement Reference(s) 

L. monocytogenes 

S. aureus 

Lactic acid bacteria 

S. enterica serovar 
Typhimurium 

Enteropathogenic E. coli 

V. cholerae 

Signal transduction, two Growth at low 
component 

Signal transduction, two 
component 

Signal transduction, 
three component 

Quorum sensing, AI-2 

Quorum sensing, AI-2 

Quorum sensing, AI-1, 
AI-2, other 

temperature and high 
salt concentration 

Virulence 

Pleiotropic effects on cy
totoxins, enterotoxins, 
proteases 

Bacteriocin production 

"Fitness" in chickens 

Flagella, formation of 
attachment and 
effacement lesions 

Virulence 

kdpE, orfX (RsbQ homolog) 24 

pclA, hly, actA, in/A, host srcFR 138 
(encodes kinase that acts on actin) 

agr (accessory gene regulator locus) 73, 106, 114 
activated by RAP signaling peptide 

cln locus in Carnobacterium pisci- 25, 72, 75 
cola, pin locus in Lb. plantarum, 
nis locus in Lactobacillus lactis 

Pleiotropic effect of luxS 22 

Pleiotropic (?) effect of luxS, qse 114, 125 
(quorum sensing regulator), ee 
(enterocyte effacement) locus 

Activates virulence regulon by 96 
repressing hapR 
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to the signal. One must identify the target of AI-2 in the 
organism that produces it before attributing its role to 
quorum sensmg. 

Winzer et al. ( 144) propose that four strict criteria must 
be met to confirm quorum sensing in a given organism: 

• Production of the signal compound is specific to an 
event. 

, The signal accumulates extracellularly and is recog
nized by a specific receptor. 

• A specific response is generated after the signal reaches 
a threshold concentration. 

, The response goes beyond metabolism or detoxifica-
tion of the signal compound. 

Furthermore, they suggest that the widespread produc
tion of AI-2 by many microbes may be related to its role 
as a by-product of the activated methyl cycle. Ribosyl 
homocysteine is cleaved by LuxS or a homologous ribo
syl homocysteinase to homocysteine and (after another 
conversion) methyl hydroxyfuranone. This compound is 
toxic to the cell and can be converted to AI-2, which is 
excreted (34). Thus, in some cells, AI-2 production may 
be a mechanism for excreting a toxic substance rather 
than a means of cellular communication. 

Biofilms 
Cells in biofilms are more resistant to heat, chemicals, 
and sanitizers. L. monocytogenes reduction by treatment 
with a combination of sodium hypochlorite and heat is 
approximately 100 times lower in biofilms than for free 
cells (55). Increased chemical resistance is attributed to 
the very slow growth rates of cells in biofilms and not a 
diffusional barrier created by the biomatrix (37). Indeed, 
cells in the nutrient-deplete interior of the microcolony 
may be in the "viable but nonculturable" (VNC) state. 
Reviews on biofilms in the food industry (29, 149) prag
matically emphasize the importance of cleaning prior to 
sanitizing process equipment. True biofilms take days 
to weeks to reach equilibrium. Proper cleaning insures 
that the cells in the nascent biofilm can be reached by 
sanitizers. Trisodium phosphate is effective towards E. 
coli 0157:H7, Campylobacter jejuni, and Salmonella 
serovar Typhimurium free and biofilm cells (130). Newer 
methods for control of biofilms include superhigh mag
netic fields, ultrasound treatment, and high pulsed elec
tric fields (76). The design of equipment with smooth, 
highly polished surfaces also impedes biofilm formation 
by making the initial adsorption step more difficult. 

To suggest that more research is needed about biofilms 
would be a gross understatement. Although planktonic 
(i.e., free, single) cells are easy to study, and pure culture 
is the foundation of microbiology as we know it, "in all 

FACTORS OF SPECIAL SIGNIFICANCE 

natural habitats studied to date bacteria prefer to repro
duce on any available surface rather than in the liquid 
phase" (29). Furthermore, biofilms exist as communities 
of microbial species embedded in a biopolymer matrix. 
Biofilms are heterogeneous in time and space, frequently 
appearing as collections of mushroom-shaped micro
colonies with moving water channels between them (29, 
149). Foodborne pathogens E.coli 0157:H7, L. mono
cytogenes, Y. enterocolitica, and C. jejuni form biofilms 
on food surfaces and food contact equipment, leading 
to serious health problems and economic losses due to 
spoilage of food (76). 

Biofilm formation is a multistep process. First, the solid 
surface undergoes a conditioning process that allows cells 
to be adsorbed by weak reversible electrostatic forces. 
Biopolymer formation follows rapidly and anchors these 
cells. The synthesis of the matrix polymer may be up
regulated by quorum sensing when the local concentra
tion of cells increases by adsorption. The microcolonies 
have defined boundaries which allow fluid channels to 
run through the biomatrix. This requires higher-level dif
ferentiation, quorum sensing, or some kind of cell-to-cell 
communication to prevent undifferentiated growth from 
filling in these channels which bring nutrients and remove 
wastes. Costerton (37) paints a vivid picture of this sys
tem, concluding that "the highly structured biofilm mode 
of growth provide[s] bacteria with a measure of homeo
stasis, a primitive circulatory system, a framework for 
the development of ... specialized cell functions, ... [ and] 
protection from antimicrobial agents." 

In Pseudomonas aeruginosa, transcription of alginate 
biosynthetic genes is activated by response regulators 
which increase synthesis of a sigma-like factor which 
regulates transcription of the algD promoter (20). The 
algD promoter regulates virtually all of the alginate bio
synthetic operon. This system also contains an alginate 
lyase that disperses cells when the environment threatens 
communal life. Quorum sensing may also be involved, 
since P. aeruginosa mutants lacking the signal molecule 
3-oxo-C12-HSL form a biofilm that is thinner and lacks 
the three-dimensional structure of the parent (39). 

Homeostasis and Hurdle Technology 
Instead of setting one parameter to the extreme limit 
for growth, hurdle technology "deoptimizes" a variety 
of factors (80). For example, a limiting water activity 
of 0.85 or a limiting pH of 4.6 prevents the growth of 
foodborne pathogens. Hurdle technology might obtain 
similar inhibition at pH 5 .2 and a water activity of 
0.92. Hurdle technology assaults multiple homeostatic 
processes (58). In acidic conditions, cells use energy to 
pump out protons. In low-water-activity environments, 
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cells use energy to accumulate compatible solutes. Main
tenance of membrane fluidity also requires energy. When 
the energy needed for biosynthesis is diverted into main
tenance of homeostasis, cell growth is inhibited. When 
homeostatic energy demands exceed the cell's energy
producing capacity, the cell dies. Hurdle technology can 
encompass the use of antimicrobial agents (e.g., nisin) 
and technology including the use of ozone and the appli
cation of irradiation in conjunction with shifts in pH and 
water activity to inhibit microbial growth (87, 108). 

LIMITATIONS OF CLASSICAL 
MICROBIOLOGY 

Limitations of Plate Counts 
All methods based on the plate count and pure cul
ture microbiology have limitations. The "plate count" 
is based on the assumptions that every cell forms one 
colony and that every colony originates from one cell. 
The ability of a given cell to form a colony depends on 
many factors including the physiological state of the cell, 
the medium used for enumeration, the incubation tem
perature and time, and the number of cells present. Table 
1.4 ( 83) illustrates these points by providing D values 
at 55°C for L. monocytogenes with different thermal 
histories (heat-shocked for 10 min at 80°C or not heat 
treated) on selective (McBride's) or nonselective (TSAY 
[Tryptic Soy Agar + 0.5% yeast extract]) media under 
aerobic or anaerobic atmospheres. The D values for 
E. coli 0157:H7 are affected similarly (100). Injured 
cells and cells that are "viable, but nonculturable" pose 
special problems as discussed below. 

Injury 
Microorganisms may be injured by sublethal levels of 
stressors such as heat, radiation, acid, or sanitizers. 
Freezing at -20°C for 24 h can injure -99% of an 
E. coli 0157:H7 population (62). The type of food 

Table 1.4 Influence of thermal history and enumeration 
protocols on experimentally determined D values at 55°C for 
L. monocytogenes (83) 

Atmosphere 

Aerobic 

Anaerobic 

D55 values (min) 

TSAY medium McBride's medium 

Heat shock 

+ 

18.7 

26.4 

8.8 

12.0 

Heat shock 

+ 

9.5 6.6 

No growth 

influences both injury and subsequent recovery. Injury is 
characterized by decreased resistance to selective agents 
or by increased nutritional requirements (65). Molecular 
events associated with injury are complex and are still 
being defined. Injury is influenced by time, temperature, 
concentration of the injurious agent, strain of the target 
pathogen, and experimental methodology. For example, 
while a standard sanitizer test indicates that several sani
tizers kill listeriae, viable cells can be recovered using lis
teria repair broth (121). The degree of injury decreases 
and the extent of lethality increases as the time and sani
tizer concentration increase. For example, L. monocy
togenes cells grown at <28°C undergo a 3- to 4-log kill 
when exposed to 52°C. However, if grown at 37 or 42°C, 
there is little death, but 2 to 3 logs of injury when heated 
to 52°C (129). 

Data illustrating injury are shown in Fig. 1.5. Cells 
subjected to a mild stress are plated on a rich nonse
lective medium and a selective medium containing 6% 
NaCl. The difference between the numbers of colonies 
on each medium represents injured cells. (If 107 CFU/ 
ml of a population are enumerated on the nonselec
tive medium and 104 CFU/ml can grow on the selective 
medium, then 103 CFU/ml are injured.) Specialized enu
meration media are often required because growth and 
gene expression of an organism cultured on a nonselec
tive medium can be quite different when cultured on 
selective medium (26, 59, 71, 103). 

Microbial injury is important to food safety for 
several reasons. (i) If injured cells are classified as 
dead during the determination of thermal resistance, 
the thermal sensitivity will be overestimated and the 
D values will be errantly low. (ii) Injured cells that 
escape detection at the time of postprocessing sam
pling may repair before consumption and present a 
safety or spoilage problem. Heat treatments can be 
optimized to consider injury of surviving bacteria 
(86). (iii) The "selective agent" may be common food 
ingredients such as salt, organic acids, humeticants, 
or even suboptimal temperature. 

Injury in spores is even more complex. The many 
biochemical steps of sporulation, germination, and out
growth explained in chapter 2 provide a plethora of tar
gets which can be damaged. Thermal injury is the most 
well-studied form of injury and can occur during extru
sion as well as during conventional thermal processing 
(82). Spores can also be injured by chemicals and irra
diation. DNA, RNA, enzymes, and membranes may 
be damaged during thermal injury. Irradiation-induced 
injury of spores is primarily caused by single-strand 
breaks in DNA and is also manifested by increased sen
sitivity to pH, salt, and heat (49). Rec systems can repair 
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Figure 1.5 Data indicative of injury and repair. (a) When bacteria are plated on selective (o) 
or nonselective ( o) media during exposure to some stressor (e.g., heat), the decrease in CFU 
on a nonselective medium represents the true lethality, while the difference between the values 
obtained on each medium is defined as "injury." (b) During "repair," resistance to selective 
agents is regained, and the value obtained on the selective medium approaches that of the 
nonselective medium. Unstressed controls are shown at the top of panel b. Modified and 
redrawn from reference 27. 

injury caused by single-strand DNA breaks. Radiation
induced heat sensitivity is caused by damage to the spore 
cortex peptidoglycan and can last for weeks to months 
(51, 52). 

Vegetative cells injured by heat, freezing, and deter
gents usually leak intracellular constituents from dam
aged membranes. Membrane integrity is reestablished 
during repair (13 ). Osmoprotectants can prevent or min
imize freeze injury in L. monocytogenes (45, 46). Oxy
gen toxicity also causes injury. Recovery of injured cells 
is often enhanced by adding peroxide detoxifying agents 
such as catalase or pyruvate to the recovery medium or 
by excluding oxygen through the use of anaerobic incu
bation conditions or adding Oxyrase® (which enzymati
cally reduces oxygen) to the recovery medium. "Repair" 
is the process by which cells recover from injury. Repair 
requires de novo synthesis of RNA and protein (23) and 
often appears as an extended lag phase. The extent and 
rate of repair are influenced by environmental factors. 
L. monocytogenes organisms injured at 55°C for 20 min 
start to repair immediately at 37°C and are completely 
recovered by 9 h (92). Heat-injured L. monocytogenes 

organisms do not replicate in milk at 4°C. Repair at 4°C 
is delayed for 8 to 10 days, and full recovery requires 16 
to 19 days (38). 

Viable but N onculturable 
Salmonella, Campylobacter, Escherichia, Shigella, and 
Vibrio species, and other genera, can exist in a state where 
they are viable but cannot be cultured (109). This differen
tiation of vegetative cells into a dormant "viable but non
culturable" (VNC) state is a survival strategy for many 
nonsporulating species. The VNC state is morphologi
cally different from that of the "normal" vegetative cell. 
During the transition to the VNC state, rod-shaped cells 
shrink and become small spherical bodies which are not 
spores (71,105). Changes in membrane fatty acid compo
sition occur in Vibrio during entry into the VNC state (40, 
146). It takes from 2 days to several weeks for an entire 
population of vegetative cells to become VNC (105). 

The viability of VNC cells can be demonstrated 
through cytological methods (5, 69). The structural integ
rity of the bacterial cytoplasmic membrane can be deter
mined by the permeability of cells to fluorescent nucleic 
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acid stains (42). Bacteria with intact cell membranes 
stain fluorescent green, whereas bacteria with damaged 
membranes stain fluorescent red (21). Iodonitrotetrazo
lium violet can also identify VNC cells. Respiring cells 
reduce iodonitrotetrazolium violet to form an insoluble 
compound detectable by microscopic observation (105). 
Unculturable (<10 CFU/ml) Salmonella enteritis popula
tions starved at 7°C have been quantified as 104 viable 
cells per ml using these methods ( 31). Experimental data 
(105) in Fig. 1.6 illustrate a Vibrio vulnificus population 
that appears to have died off (i.e., gone through a 6-log 
reduction in CFU/ml) although >105 per ml are quanti
fied as viable. 

VNC cells can also be identified by their substrate
responsive metabolism. When VNC cells are incubated 
with yeast extract (as a nutrient) and nalidixic acid or cip
rofloxacin (inhibitor of cell division), their elongation can 
be quantified microscopically. This method detects VNC 
cells of L. monocytogenes (12). Other methods have been 
used to demonstrate the VNC state for Streptococcus fae
calis, Micrococcus flavus, and B. subtilis (28). 

Powerful new methods for detecting VNC cells are 
being developed as understanding of bacteria at the 
molecular level and techniques for genetic manipulation 
advance. The detection of specific RNA by reverse tran
scriptase PCR is one such method (115). Alternatively, 
reporter genes via green fluorescent protein-tagged and 
Lux-tagged methods are used to identify cells synthesiz
ing proteins (32). A buoyant-density gradient method 
also allows detection of viable and VNC cells (145). 
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Because the VNC state is most often induced by nutri
ent limitation in aquatic environments, it might appear 
irrelevant to the nutrient-rich milieu of food. However, 
the VNC state can also be induced by changes in salt con
centration, exposure to hypochlorite, and shifts in tem
perature (94, 112). V. vulnificus populations shifted to 
refrigeration temperatures are still lethal to mice when the 
entire population of 105 viable cells becomes noncultur
able ( <0.04 CFU/ml) (110). The bacteria resuscitate in the 
mice and can be cultured postmortem. E. coli and Salmo
nella serovar Typhimurium entered a VNC state following 
chlorination of waste water (111). Although the pathogens 
could not be resuscitated, they may still present a public 
health hazard. Salmonella serovar Typhimurium DT104 
held at 5°C for 235 days entered into and was recovered 
from the VNC state ( 61). Temperature changes can induce 
the VNC state. When starved at 4 or 30°C for more than a 
month, V. harveyi become VNC at 4°C but remained cul
turable at 30°C. In contrast, E. coli cells entered the VNC 
state at 30°C, but die at 4°C (50). Foodborne pathogens in 
nutritionally rich media can become VNC when shifted to 
refrigerated temperature (91, 105, 110). This has chilling 
implications for the safety of refrigerated foods. 

Resuscitation of VNC cells is demonstrated by an 
increase in culturability that is not accompanied by an 
increase in the total cell numbers. The return to cultur
ability can be induced by temperature shifts or the grad
ual return of nutrients. The same population of bacteria 
can go through multiple cycles of the VNC and culturable 
states in the absence of growth (105). No one specific 

t 
60 80 100 

Days 
Figure 1.6 Data showing changes of plate count and cell morphology during development 
of the VNC state induced by temperature downshifts (at time O and J,) and resuscitation by 
temperature upshifts (i). Reprinted from reference 105 with permission. 
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factor can be identified as preventing the resuscitation 
of VNC cells. Amending media with catalase or sodium 
pyruvate restores culturability of VNC cells of E. coli 
0157 and Vibrio parahaemolyticus (97, 98), suggesting 
that the transfer of cells to nutrient-rich media initiates 
rapid production of superoxide and free radicals. Cata
lase hydrolyzes H 20 2• Sodium pyruvate degrades H20 2 
through decarboxylation of the a-keto acid to form ace
tic acid and CO2 (47). VNC campylobacters have been 
resuscitated when injected into fertilized chicken eggs 
and incubated at 37°C for 48 h (133). 

Increased awareness of the VNC state should lead to a 
reexamination of our concept of "viability," our depen
dence on "enrichment culture" to isolate pathogens, and 
our reliance on cultural methods to monitor microbes in 
the environment (4, 91, 120). The mechanisms of VNC 
formation, the mechanisms which make VNC cells resis
tant to environmental stress, and the mechanisms that 
signal resuscitation are largely unknown. The relation
ship between viability and culturability may need to be 
redefined and, indeed, has spawned extensive discussion 
(5, 69, 89, 107). Some investigators question the ability of 
bacteria to enter or resuscitate from a VNC state and cau
tion blind acceptance of methods developed to determine 
viability (5, 16, 17). Clearly, more research is needed on 
"viable but nonculturable" foodborne pathogens. 

CONCLUSION 
Microbial growth in foods is a complex process governed 
by genetic, biochemical, and environmental factors. 
Much of what we "know" about foodborne microbes 
must be held with the detached objectivity required of an 
unproven hypothesis. Developments in molecular biol
ogy and microbial ecology will change or deepen our 
perspective about the growth of microbes in foods. Some 
of these developments are detailed in this book. 

References 
1. Arnold, C. N., J. McElhanon, A. Lee, R. Leonhart, and 

D. A. Siegele. 2001. Global analysis of Escherichia coli 
gene expression during the acetate-induced acid tolerance 
response.]. Bacteriol.183:2178-2186. 

2. Bang, I. S., B. H. Kim, J. W. Foster, and Y. K. Park. 2000. 
ompR regulates the stationary-phase acid tolerance 
response of Salmonella enterica serovar Typhimurium. J. 
Bacterial. 182:2245-2252. 

3. Bang, I. S., J.P. Audia, Y. K. Park, andJ. W. Foster. 2002. 
Autoinduction of the ompR response regulator by acid 
shock and control of the Salmonella enterica acid tolerance 
response. Mo!. Microbial. 44:1235-1250. 

4. Barer, M. R., L. T. Gribbon, C. R. Harwood, and C. E. 
Nwaguh. 1993. The viable but non-culturable hypothesis 
and medical bacteriology. Rev. Med. Microbial. 4:183-191. 

FACTORS OF SPECIAL SIGNIFICANCE 

5. Barer, M. R., and C.R. Harwood. 1999. Bacterial viability 
and culturability. Adv. Microb. Physiol. 41:93-137. 

6. Bassler, B. L. 2002. Small talk: cell-to-cell communication 
in bacteria. Cell 109:421-424. 

7. Bauer, W. D., U. Mathesius, and M. Teplitski. 2005. 
Eukaryotes deal with quorum sensing. ASM News 71: 
129-135. 

8. Bayles, D. 0., B. A. Annous, and B. J. Wilkinson. 1996. 
Cold stress proteins induced in Listeria monocytogenes in 
response to temperature downshock and growth at low 
temperatures. Appl. Environ. Microbial. 62:1116-1119. 

9. Bearson, B. L., L. Wilson, and J. W. Foster. 1998. A low 
pH-inducible, PhoPQ-dependent acid tolerance response 
protects Salmonella typhimurium against inorganic acid 
stress. J. Bacterial. 180:2409-2417. 

10. Bearson, S., B. Bearson, and J. W. Foster. 1997. Acid 
stress responses in enterobacteria. FEMS Microbial. Lett. 
147:173-180. 

11. Beltrametti, F., A. U. Kresse, and C. A. Guzman. 1999. 
Transcriptional regulation of esp genes of enterohemor
rhagic Escherichia coli. J. Bacterial. 181:3409-3418. 

12. Besnard, V., M. Federighi, and J. M. Cappelier. 2000. 
Development of a direct viable count procedure for the 
investigation of VBNC state in Listeria monocytogenes. 
Lett. Appl. Microbial. 31:77-81. 

13. Beuchat, L. R. 1978. Injury and repair of gram-negative 
bacteria with special consideration of the involvement 
of the cytoplasmic membrane. Adv. Appl. Microbial. 
23:219-243. 

14. Board, R. G., D. Jones, R. G. Kroll, and G. L. Pettipher 
(ed). 1992. Ecosystems: microbes: food. J. Appl. Bacterial. 
73:1S-178S. 

15. Boddy, L., and J. W. T. Wimpenny. 1992. Ecological 
concepts in food microbiology. J. Appl. Bacterial. 73: 
23S-38S. 

16. Bogosian, G., N. D. Aardema, E. V. Bourneauf, P. J. 
Morris, and J. P. O'Neil. 2000. Recovery of hydrogen 
peroxide-sensitive culturable cells of Vibrio vulnificus gives 
the appearance of resuscitation from a viable but noncul
turable state. J. Bacterial. 182:5070-507 5. 

17. Bogosian, G., P. J. L. Morris, and J. P. O'Neil. 1998. A 
mixed culture recovery method indicates that enteric bac
teria do not enter the viable but nonculturable state. Appl. 
Environ. Microbial. 64:1736-1742. 

18. Bonnet, M. 2005. Acid tolerance response of Listeria 
monocytogenes: bioenergetics and mechanisms of resis
tance to the antimicrobial nisin. Ph.D. dissertation. The 
Graduate School, Rutgers, the State University of New 
Jersey, New Brunswick. 

19. Bonnet, M., and T. J. Montville. 2005. Acid-tolerant 
Listeria monocytogenes persist in a model food system 
fermented with nisin-producing bacteria. Lett. Appl. 
Microbial. 40:237-242. 

20. Boyd, A., and A. M. Chakrabarty. 1995. Pseudomonas 
aeruginosa biofilms: role of the alginate exopolysaccha
ride. ]. Ind. Microbial. 15:162-168. 

21. Bouwer, P., and T. Abee. 2000. Assessment of viability of 
microorganisms employing fluorescence techniques. Int. 
J. Food Microbial. 55:193-200. 



jrf.·./>;Ff·•··••··•··• 

j, 

I i' 

i 
1 1. GROWTH, SURVIVAL, AND DEATH OF MICROBES IN FOODS 
/k 

19 

:J, 

22. Brandl, M. T., W. G. Miller, A. H. Bates, and R. E. Man
drell. 2005. Production of autoinducer-2 in Salmonella 
enterica serovar Thompson contributes to its fitness in 
chickens, but not in cilantro leaf surfaces. Appl. Environ. 
Microbial. 71:2653-2662. 

23. Brock, T. D., and M.T. Madigan. 1988. Biology of Microor
ganisms, p. 793-795. Prentice Hall, Englewood Cliffs, N.J. 

24. Brondsted, L., B. H. Kallipolitis, H. J. Ingmer, and S. 
Knochel. 2003. KdpE and a putative RsbQ homologue 
contribute to growth of Listeria monocytogenes at high 
osmolarity and low temperature. FEMS Microbial. Lett. 
219:233-239. 

25. Bruhn, J. B., A. B. Christensen, L. R. Flodgaard, K. F. 
Nielsen, T. 0. Larson, M. Givskov, and L. Gram. 2004. 
Presence of acylated homoserine lactones (AHLs) of 
AHL-producing bacteria in meat and potential role of 

. AHL in spoilage of meat. Appl. Environ. Microbial. 70: 
4293-4302. 

26. Bull, M. K., M. M. Hayman, C. M. Stewart, E. A. Szabo, 
and S. J. Knabel. 2005. Effect of prior growth temperature, 
type of enrichment medium, and temperature and time of 
storage on recovery of Listeria monocytogenes following 
high pressure processing of milk. Int. ]. Food Microbial. 
101:53-61. 

27. Busta, F. F. 1978. Introduction to injury and repair of 
microbial cells. Adv. Appl. Microbial. 23:195-201. 

28. Byrd, J. J., H.-S. Xu, and R. R. Colwell. 1991. Viable 
but nonculturable bacteria in drinking water. Appl. Env. 
Microbial. 57:875-878. 

29. Carpentier, B., and 0. Cerf. 1993. Biofilms and their con
sequences, with particular reference to hygiene in the food 
industry. J. Appl. Bacterial. 75:499-511. 

30. Castanie-Cornet, M., T. A. Penfound, D. Smith, J. F. Elliot, 
and J. W. Foster. 1999. Control of acid resistance in Esch
erichia coli.]. Bacterial. 181:3525-3535. 

31. Chmielewski, R., and}. F. Frank. 1995. Formation of viable 
but nonculturable Salmonella during starvation in chemi
cally defined solutions. Lett. Appl. Microbial. 20:380-384. 

32. Cho, J.C., and S. J. Kim. 1999. Green fluorescent protein
based direct viable count to verify a viable but non-cultur
able state of Salmonella typhi in environmental samples. 
]. Microbial. Methods 36:227-235. 

33. Choi, S. H., D. J. Baumler, and C. W. Kasper. 2000. Con
tribution of dps to acid stress tolerance and oxidative stress 
tolerance in Escherichia coli 0157:H7. Appl. Environ. 
Microbial. 66:3911-3916. 

34. Cloak, 0. M., B. T. Solow, C. Briggs, C. Y. Chen, and P. 
M. Fratamico. 2002. Quorum sensing and production of 
antoinducer-2 in Campylobacter spp., E. coli 0157:H7, 
and Salmonella enterica serovar Typhimurium in foods. 
Appl. Environ. Microbial. 68:4666-4671. 

35. Conte, M. P., C. Longhi, G. Petrone, M. Polidoro, P. Val
enti, and L. Seganti. 1994. Listeria monocytogenes infec
tion of Caco-2 cells: role of growth temperature. Res. 
Microbial. 145:677-682. 

36. Cossins, A. R., and M. Sinensky. 1984. Adaptation of 
membranes to temperature, pressure and exogenous lipids, 
p. 1-20. In M. Shinitzky (ed.), Physiology of Membrane 
Fluidity. CRC Press, Boca Raton, Fla. 

37. Costerton, J. W. 1995. Overview of microbial biofilms. J. 
Ind. Microbial. 15:137-140. 

38. Crawford, R. W., C. M. Belizeau, T. J. Poeler, C. W. Don
nelly, and U. K. Bunning. 1989. Comparative recovery 
of uninjured and heat-injured Listeria monocytogenes 
cells from bovine milk. Appl. Environ. Microbial. 55: 
1490-1494. 

39. Davies, D. G., M. R. Parsek,J. P. Pearson, B. H. Iglewski,J. 
W. Costeron, and E. P. Greenberg. 1997. The involvement 
of cell-to-cell signals in the development of a bacterial bio
film. Science. 280:295-298. 

40. Day, A. P., and J. D. Oliver. 2004. Changes in membrane 
fatty acid composition during entry of Vibrio vulnificus into 
a viable but nonculturable state. J. Microbial. 42:69-73. 

41. Duffy, G., D. C. Riordan, J. J. Sheridan, J.E. Call, R. C. 
Whiting, I. S. Blair, and D. A. McDowell. 2000. Effect of 
pH on survival, thermotolerance, and verotoxin produc
tion of Escherichia coli 0157:H7 during simulated fer
mentation and storage. J. Food Prat. 63:12-18. 

42. Duncan, S., L. A. Glover, K. Killham, and J. I. Prosser. 
1994. Luminescence-based detection of activity of starved 
and viable but nonculturable bacteria. Appl. Environ. 
Microbial. 60:1308-1316. 

43. Dussurget, 0., E. Dumas, C. Archambaud, I. Chafsey, C. 
Chambon, M. Hebraud, and P. Cossart. 2005. Listeria 
monocytogenes ferritin protects against multiple stresses 
and is required for virulence. FEMS Microbial. Lett. 
250:253-261. 

44. Elhanafi, D., B. Leenanon, W. Bang, and M. A. Drake. 
2004. Impact of cold and cold-acid stress on poststress tol
erance and virulence factor expression of Escherichia coli 
0157:H7.]. Food Prat. 67:19-26. 

45. El-Kest, S. E., and E. H. Marth. 1991. Injury and death of 
frozen Listeria monocytogenes as affected by glycerol and 
milk components.]. Dairy Sci. 74:1201-1208. 

46. El-Kest, S. E., and E. H. Marth. 1991. Strains and suspend
ing menstrua as factors affecting death and injury of Lis
teria monocytogenes during freezing and frozen storage.]. 
Dairy Sci. 74:1209-1213. 

47. Elstner, E. F., and A. Heupel. 1973. On the decarboxyl
ation of cx-keto acid by isolated chloroplasts. Biochim. 
Biophys. Acta 352:182-188. 

48. Farber, J.M., and B. E. Brown. 1990. Effect of prior heat 
shock on heat resistance of Listeria monocytogenes in 
meat. Appl. Environ. Microbial. 56:1584-1587. 

49. Farkas, J. 1994. Tolerance of spores to ionizing radiation: 
mechanisms of inactivation, injury, and repair. J. Appl. 
Bacterial. 76:81S-90S. 

50. Fedio, W. M., and H. Jackson. 1989. Effect of tempering 
on the heat resistance of Listeria monocytogenes. Lett. 
Appl. Microbial. 9:157-160. 

51. Feeherry, F. E., D. T. Munsey, and D. B. Rowley. 1987. 
Thermal inactivation and injury of Bacillus stearother
mophilus spores. Appl. Environ. Microbial. 53:365-370. 

52. Foegoding, P. M., and F. F. Busta. 1981. Bacterial spore 
injury-an update. J. Food Prat. 44:776-786. 

53. Foster, J. W., and H.K. Hall. 1991. Inducible pH homeo
stasis and the acid tolerance response of Salmonella 
typhimurium.]. Bacterial. l 73:5129-5135. 



20 

54. Foster, J. W., Y. K. Park, L. S. Bang, K. Karem, H. Betts, 
H. K. Hall, and E. Shaw. 1994. Regulatory circuits 
involved with pH-regulated gene expression in Salmonella 
typhimurium. Microbiology 140:341-352. 

55. Frank,]. F., and R. A. Koffi. 1990. Surface-adherent growth 
of Listeria monocytogenes is associated with increased 
resistance to surfactant sanitizers and heat. ]. Food Prat. 
48:740-742. 

56. Fratamico, P. M. 2003. Tolerance to stress and ability of 
acid-adapted and non-acid-adapted Salmonella enterica 
serovar Typhimurium DT104 to invade and survive in 
mammalian cells in vitro.]. Food Prat. 66:1115-1125. 

57. Fuqua, C., and E. P. Greenberg. 1998. Cell-to-cell commu
nication in Escherichia coli and Salmonella typhimurium: 
they may be talking, but who's listening? Proc. Natl. Acad. 
Sci. USA 95:6571-6572. 

.58. Gould, G. W. 1995. Homeostatic mechanisms during food 
preservation by combined methods, p. 397-410. In G. V. 
Barbosa-Canovas and J. Welti-Chanes (ed.), Food Preser
vation by Moisture Control. Technomic Publishing Co., 
Inc., Lancaster, Pa. 

59. Gracia, K. S., and J. L. McKillip. 2004. A review of con
ventional detection and enumeration methods for patho
genic bacteria in food. Can.]. Microbial. 50:883-890. 

60. Gram, L., L. Ravin, M. Rasch, J.B. Bruhn, A. B. Chris
tensen, and M. Givskov. 2002. Food spoilage-interactions 
between food spoilage bacteria. Int. ]. Food Microbial. 
78:79-97. 

61. Gupte, A. R., C. L. Rezende, and S. W. Joseph. 2003. 
Induction and resuscitation of viable but nonculturable 
Salmonella enterica serovar Typhimurium DT104. Appl. 
Environ. Microbial. 69:6669-6675. 

62. Hara-Kudo, Y., M. Ifedo, H. Kodaka, H. Nakagawa, K. 
Goto, T. Masuda, H. Konuma, T. Kojima, and S. Kum
agai. 2000. Selective enrichment with resuscitation step for 
isolation of freeze-injured Escherichia coli 0157:H7 from 
foods. Appl. Environ. Mircobiol. 66:2866-2872. 

63. Harold, F. M. 1981. The Vital Force: a Study of Bioener
getics. W. H. Freeman & Company, New York, N.Y. 

64. Hellingwerf, K. J., W. C. Crieland, M. J. T. de Mattos, 
W. D. Hoff, R. Kort, D. T. Verhamme, and C. Avignone
Rosa. 1998. Current topics in signal transduction in bacte
ria. Antonie Leeuwenhoek 74:211-227. 

65. International Commission on Microbiological Specifica
tions for Foods. 1980. Injury and its effect on recovery, p. 
205-214. In Microbial Ecology of Foods, vol. 1. Factors 
Affecting Life and Death of Microorganisms. Academic 
Press, Inc., New York, N.Y. 

66. Jay, J. M., J. P. Vilai, and M. E. Huges. 2003. Profile 
and activity of bacteria biota of ground beef held from 
freshness to spoilage at 5-7°C. Int.]. Food Microbial. 81: 
105-111. 

67. Juneja, V. K., P. G. Klein, and B. S. Marmer. 1998. Heat 
shock and thermotolerance of Escherichia coli 0157:H? 
in a model beef gravy system and ground beef. ]. Appl. 
Microbial. 84:677-684. 

68. Kashket, E. R. 1987. Bioenergetics of lactic acid bacteria: 
cytoplasmic pH and osmotolerances. FEMS Microbial. 
Rev. 46:233-244. 

FACTORS OF SPECIAL SIGNIFICANCE 

69. Kell, D. B., A. S. Kaprelyants, D. H. Weichart, C.R. Har
wood, and M. R. Barer. 1998. Viability and activity in 
readily culturable bacteria: a review and discussion of the 
practical issues. Antonie Leeuwenhoek 73:169-187. 

70. Ko, R., L. T. Smith, and G. M. Smith. 1994. Glycine beta
ine confers enhanced osmotolerance and cryotolerance in 
Listeria monocytogenes. ]. Bacterial. 17 6:4 26-4 31. 

71. Kobayashi, H., T. Miyamoto, Y. Hashimoto, M. Kirld, A. 
Motomatsu, K. Honjoh, and M. Iio. 2005. Identification 
of factors involved in recovery of heat-injured Salmonella 
enteritidis.]. Food Prat. 68:932-941. 

72. Konings, W. N., J. Kok, 0. P. Kuipers, and B. Poolman. 
2000. Lactic acid bacteria: the bugs of the new millennium. 
Curr. Opin. Microbial. 3:276-282. 

73. Korem, M., A. S. Sheoran, Y. Gov, S. Tzipori, I. Borovok, 
and N. Balahan. 2003. Characterization of RAP, a quorum 
sensing activator of Staphylococcus aureus. FEMS Micro
bial. Lett. 223:165-175. 

74. Koutsoumanis, K. P., and J. N. Sofos. 2004. Compara
tive acid stress response of Listeria monocytogenes, Esch
erichia coli 0157:H7 and Salmonella Typhimurium after 
habituation at different pH conditions. Lett. Appl. Micro
bial. 38:321-326. 

75. Kuipers, 0. P., P. G. G. A. de Ruyter, M. Kleerebezem, 
and W. M. de Vos. 1998. Quorum sensing-controlled 
gene expression in lactic acid bacteria. ]. Biotechnol. 64: 
15-21. 

76. Kumar, C. G., and S. K. Anand. 1998. Significance of 
microbial biofilms in food industry: a review. Int.]. Food 
Microbial. 42:9-27. 

77. Kwon, Y. M., and S. C. Ricke. 1998. Induction of acid 
resistance of Salmonella typhimurium by exposure to 
short-chain fatty acids. Appl. Environ. Mircrobiol. 64: 
3458-3463. 

78. Leenanon, B., and M. A. Drake. 2001. Acid stress, star
vation, and cold stress affect poststress behavior of Esch
erichia coli 0157:H7 and nonpathogenic Escherichia coli. 
]. Food Prat. 64:970-974. 

79. Leimeister-Wachter, M., E. Domann, and T. Chakraborty. 
1992. The expression of virulence genes in Listeria mono
cytogenes is thermoregulated. J. Bacterial. 17 4:94 7-952. 

80. Leistner, L. 1994. Principles and applications of hurdle 
technology, p. 1-21. In G. W. Gould (ed.), New Methods 
of Food Preservation. Blackie Academic and Professional, 
Glasgow, Scotland. 

81. Leyer, G. J., and E. A. Johnson. 1993. Acid adaptation 
induces cross-protection against environmental stresses 
in Salmonella typhimurium. Appl. Environ. Microbial. 
59:1842-1847. 

82. Likimani, T. A., and J. N. Sofos. 1990. Bacterial spore 
injury during extrusion cooking of corn/soybean mixtures. 
Int.]. Food Microbial. 11:243-249. 

83. Linton, R.H., J.B. Webster, M. D. Pierson, J. R. Bishop, 
and C. R. Hackney. 1992. The effect of sublethal heat 
shock and growth atmosphere on the heat resistance of 
Listeria monocytogenes Scott A.]. Food Prat. 55:84-87. 

84. Liu, L., M. E. Hume, and S. D. Pillai. 2004. Autoinclucer-
2-like activity associated with foods and its interaction 
with food additives. J. Food Prat. 67:1457-1462. 



1. GROWTH, SURVIVAL, AND DEATH OF MICROBES IN FOODS 21 

85. Lund, B. M. 1992. Ecosystems in vegetable foods. J. 
Appl. Bacterial. 73:1155-1265. 

86. Mafart, P. 2000. Taking injuries of surviving bacteria 
into account for optimizing heat treatments. Int. J. Food 
Microbial. 5 5: 17 5-179. 

87. Mahapatra, A. K., K. Muthukumarappan, and J. L. Jul
son. 2005. Application of ozone, bacteriocins and irra
diation in food processing: a review. Cit. Rev. Food Sci. 
Nutr. 45:447-461. 

88. Maloney, P. C. 1990. Microbes and membrane biology. 
FEMS Microbial. Rev. 87:91-102. 

89. McDougald, D., S. A. Rice, D. Weichart, and S. Kjelle
berg. 1998. Nonculturability: adaptation or debilitation? 
FEMS Microbial. Ecol. 25:1-9. 

90. McEntire,J. C., G. M. Carman, and T.J. Montville. 2004. 
Increased ATPase activity is responsible for acid sensi
'tivity of nisin-resistant Listeria monocytogenes ATCC 
700302. Appl. Environ. Microbial. 70:2717-2721. 

91. McKay, A. M. 1992. Viable but non-culturable forms 
of potentially pathogenic bacteria in water. Lett. Appl. 
Microbial. 14:129-135. 

92. Meyer, D. H., and C. W. Donnelly. 1992. Effect of incu
bation temperature on repair of heat-injured Listeria in 
milk.]. Food Prat. 55:579-582. 

93. Michels, P.A. M., J.P. J. Michels, J. Boonstra, and W. L. 
Konings. 1979. Generation of an electrochemical proton 
gradient in bacteria by the excretion of metabolic end 
products. FEMS Microbial. Lett. 5:357-364. 

94. Mikulskis, A. V., I. Delor, V. H. Thi, and G. R. Cornelis. 
1994. Regulation of Yersinia enterocolitica enterotoxin 
yst gene. Influence of growth phase, temperature, osmo
larity, pH and bacterial host factors. Mol. Microbial. 
14:905-915. 

95. Miller, M. B., and B. L. Bassler. 2001. Quorum sensing in 
bacteria. Annu. Rev. Microbial. 55:165-169. 

96. Miller, M. B., K. Skorupski, D. H. Lenz, R. K. Taylor, 
and B. L. Bassler. 2002. Parallel quorum sensing systems 
converge to regulate virulence in Vibrio cholerae. Cell 
110:303-314. 

97. Mizunoe, Y., S.N. Wai, A. Takade, and S. Yoshida. 1999. 
Restoration of culturability of starvation-stressed and 
low temperature-stressed Escherichia coli 0157 cells 
by using H20 2-degrading compounds. Arch. Microbial. 
172:63-67. 

98. Mizunoe, Y., S. N. Wai, T. Ishikawa, A. Takade, and S. 
Yoshida. 2000. Resuscitation of viable but nonculturable 
cells of Vibrio parahaemolyticus induced at low tem
perature under starvation. FEMS Microbiol. Lett. 186: 
115-120. 

99. Mossel, D. A. A., and C. B. Struijk. 1992. The contribu
tion of microbial ecology to management and monitoring 
of the safety, quality and acceptability (SQA) of foods. J. 
Appl. Bacterial. 73:15-225. 

100. Murano, E. A., and M. 0. Pierson. 1993. Effect of heat 
shock and incubation atmosphere on injury and recovery 
of Escherichia coli 0157:H7. J. Food Prat. 56:568-572. 

101. Murley, Y. M., P.A. Carrol, K. Skorupski, R. K. Taylor, 
and S. B. Calderwood. 1999. Differential transcription of 
the tcpPH operon confers biotype-specific control of the 

Vibrio cholerae ToxR virulence regulon. Infect. Immun. 
67:5117-5123. 

102. National Food Processors Association. 1988. Factors to 
be considered in establishing good manufacturing prac
tices for the production of refrigerated food. Dairy Food 
Sanit. 8:288-291. 

103. Ngutter, C., and C. Donnelly. 2003. Nitrate-induced 
injury of Listeria monocytogenes and the effect of selec
tive versus nonselective recovery procedures on its isola
tion from frankfurters. J. Food Prat. 66:2252-2257. 

104. Nicholls, D. G., and S. J. Ferguson. 1992. Bioenergetics 
2. Academic Press, San Diego, Calif. 

105. Nilsson. L., J. D. Oliver, and S. Kjelleberg. 1991. Resusci
tation of Vibrio vulnificus from the viable but noncultur
able state.]. Bacterial. 173:5054-5059. 

106. Novick, R. P. 1999. Regulation of pathogenicity in Staphy
lococcus aureus by a peptide-based density-sensing system, 
p. 129-146. In G. M. Dunny and S. C. Winns (ed.), Cell
Cell Signaling in Bacteria. ASM Press, Washington, D.C. 

107. Nystrom, T. 1998. To be or not to be: the ultimate deci
sion of the growth-arrested bacterial cell. FEMS Micro
bial. Rev. 21:283-290. 

108. Olasupo, N. A., D. J. Fitzgerald, A. Narbad, and M. J. 
Gasson. 2004. Inhibition of Bacillus subtilis and Liste
ria innocua by nisin in combination with some naturally 
occurring organic compounds.]. Food Prat. 67:596-600. 

109. Oliver, J. D. 2005. The viable but nonculturable state in 
bacteria. J. Microbial. 43: 93-100. 

110. Oliver, J. D., and R. Bocklan. 1995. In vivo resuscitation, 
and virulence towards mice, of viable but noncultur
able cells of Vibrio vulnificus. Appl. Environ. Microbial. 
61:2620-2623. 

111. Oliver, J. D., M. Dagher, and K. Linden. 2005. Induction 
of Escherichia coli and Salmonella typhimurium into the 
viable but nonculturable state following chlorination of 
wastewater.]. Water Health 3:249-257. 

112. Oliver, J. D., F. Hite, D. McDougald, N. L. Andon, and 
L. M. Simpson. 1995. Entry into, and resuscitation from, 
the viable but nonculturable state by Vibrio vulnificus 
in an estuarine environment. Appl. Environ. Microbial. 
61:2624-2630. 

113. Olson, E. R. 1993. Influence of pH on bacterial gene 
expression. Mol. Microbial. 8:5-14. 

114. Otto, M. 2001. Staphylococcus aureus and Staphylococ
cus epidermidis peptide pheromones produced by acces
sory gene regulator agr system. Peptides 22:1603-1608. 

115. Pai, S., J. K. Actor, E. Sepulveda, R. L. Hunter, and C. 
Jegannath. 2000. Identification of viable and non-viable 
Mycobacterium tuberculosis in mouse organs by directed 
RT-PCR for antigen 85B mRNA. Microb. Pathog. 
28:335-342. 

116. Palumbo, S. A. 1986. Is refrigeration enough to restrain 
foodborne pathogens?]. Food Prat. 49:1003-1009. 

117. Pepe, J. C., J. L. Badger, and V. L. Miller. 1994. Growth 
phase and low pH affect the thermal regulation of the Yer
sinia enterocolitica inv gene. Mol. Microbial. 11:123-135. 

118. Phan-Thanh, L., F. Mahouin, and S. Alige. 2000. Acid 
responses of Listeria monocytogenes. Int. J. Food Micro
bial. 55:121-126. 



22 

119. Quadri, L. E. N. 2002. Regulation of antimicrobial 
peptide production by autoinducer mediated quorum 
sensing in lactic acid bacteria. Antonie Leeuwenhoek 
83:133-145. 

120. Rollins, D. M., and R.R. Colwell. 1986. Viable but non
culturable stage of Campylobacter jejuni and its role in 
survival in the natural aquatic environment. Appl. Envi
ron. Microbial. 52:531-538. 

121. Sallam, S. S., and C. W. Donnelly. 1992. Destruction, 
injury and repair of Listeria species exposed to sanitizing 
compounds.]. Food Prat. 59:771-776. 

122. Sampathkumar, B., G. G. Khachatourians, and D. R. 
Korber. 2004. Treatment of Salmonella enterica serovar 
Enteritidis with a sublethal concentration of trisodium 
phosphate or alkaline pH induces thermotolerance. Appl. 
Environ. Microbial. 70:4613-4620. 

123. Schuhmacker, D. A., and K. E. Klose. 1999. Environ
mental signals modulate ToxT-dependent virulence 
factor expression in Vibrio cholerae. ]. Bacterial. 181: 
1508-1514. 

124. Sinensky, M. 1974. Homeoviscous adaptation-a 
homeostatic process that regulates the viscosity of mem
brane lipids in Escherichia coli. Proc. Natl. Acad. Sci. 
USA 71:522-525. 

125. Sircili, M. P., M. Matthews, L. R. Trabulsi, and V. Spe
randio. 2004. Modulation of enteropathogenic Esch
erichia coli virulence by quorum sensing. Infect. Immun. 
72:2329-2337. 

126. Skurnik, M. 1985. Expression of antigens encoded by the 
virulence plasmid of Yersinia enterocolitica under differ
ent growth conditions. Infect. Immun. 47:183-190. 

127. Slonczewski, J. L., and J. W. Foster. 1999. pH-regulated 
genes and survival at extreme pH. In F. C. Neidhardt 
et al. (ed.), Escherichia coli and Salmonella: Cellular and 
Molecular Biology. ASM Press, Washington, D.C. 

128. Smith, J. L., P. M. Fratamico, and J. S. Novak. 2004. 
Quorum sensing: a primer for food microbiologists. ]. 
Food Prat. 67:1053-1070. 

129. Smith, J. L., B. S. Marmer, and R. C. Benedict. 1991. 
Influence of growth temperature on injury and death of 
Listeria monocytogenes Scott A during a mild heat treat
ment.]. Food Prat. 54:166-169. 

130. Somers, E. B., J. L. Schoeni, and A. C. L. Wong. 1994. 
Effect of trisodium phosphate on biofilm and planktonic 
cells of Campylobacter jejuni, Escherichia coli 0157:H7, 
Listeria monocytogenes, and Salmonella typhimurium. 
Int.]. Food Microbial. 22:269-276. 

131. Sturme, M. H. L., M. Kleerebezem,J. Nakayama, A. D. L. 
Akkermans, E. E. Vaughan, and W. M. de Vos. 2002. 
Cell-to-cell communication by autoinducing peptides 
in gram-positive bacteria. Antonie Leeuwenhoek 81: 
233-243. 

132. Surette, M. G., and B. L. Bassler. 1998. Quorum sensing 
in Escherichia coli and Salmonella typhimurium. Proc. 
Natl. Acad. Sci. USA 95:7046-7050. 

133. Talibart, R., M. Denis, A. Castillo, J.M. Cappelier, and 
G. Ermel. 2000. Survival and recovery of viable but non
cultivable forms of Campylobacter in aqueous micro
cosm. Int.]. Food Microbial. 55:263-267. 

FACTORS OF SPECIAL SIGNIFICANCE 

134. Thieringer, H. A., P. G. Jones, and M. Inouye. 1998. Cold 
shock and adaptation. Bioessays 20:49-57. 

135. Tiwari, R. P., N. Sachdeva, and G. S. Hoondal. 2004. 
Adaptive acid tolerance response in Salmonella enterica 
serovar Typhimurium and Salmonella enterica serovar 
Typhi. ]. Basic Microbial. 2:137-146. 

136. Tomoyasu, T., A. Takaya, T. Sasaki, T. Nagase, R. 
Kikuno, M. Morioka, and T. Yamamoto. 2003. A new 
heat shock gene, agsA, which encodes a small chaper
one involved in suppressing protein aggregation in Sal
monella enterica serovar Typhimurium. ]. Bacterial. 
185:6331-6339. 

137. Tseng, C.-P., and T. J. Montville. 1993. Metabolic regu
lation of end product distribution in lactobacilli: causes 
and consequences. Biotechnol. Prag. 9: 113-121. 

138. Van Langendonck, N., P. Velge, and E. Bottreau. 1998. 
Host cell protein tyrosine kinases are activated during the 
entry of Listeria monocytogenes. FEMS Microbial. Lett. 
162:169-176. 

139. Van Schaik, W., C. G. Gahan, and C. Hill. 1999. Acid
adapted Listeria monocytogenes displays enhanced 
tolerance against the !antibiotics nisin and lactin 3147. 
]. Food Prat. 62:536-539. 

140. Vigh, V., B. Maresca, andJ. L. Harwood. 1998. Does the 
membrane's physical state control the expression of heat 
shock and other genes? Trends Biochem. Sci. 23:369-
372. 

141. Volker, U., H. Mach, R. Schmid, and M. Hecker. 1992. 
Stress proteins and cross-protection by heat shock and 
salt stress in Bacillus subtilis. ]. Gen. Microbial. 138: 
2125-2135. 

142. Wang, G., and M. P. Doyle. 1998. Heat shock response 
enhances acid tolerance of Escherichia coli 0157:H7. 
Lett. Appl. Microbial. 26:31-34. 

143. Wiedmann, M., T. J. Arvik, R. J. Hurley, and K. J. Boor. 
1998. General stress transcription factor <TB and its role in 
acid tolerance and virulence of Listeria monocytogenes. 
]. Bacterial. 180:3650-3656. 

144. Winzer, K., K. R. Hardie, and P. Williams. 2002. Bacterial 
cell-to-cell communication: sorry, can't talk now-gone 
to lunch! Curr. Opin. Microbial. 5:216-222. 

145. Wolffs, P., B. Norling, J. Hoorfar, M. Griffiths, and P. 
Radstrom. 2005. Quantification of Campylobacter spp. 
in chicken rinse samples by using flotation prior to real
time PCR. Appl. Environ. Microbial. 71:5759-5764. 

146. Wong, H. C., C. T. Shen, C. N. Chang, Y. S. Lee, and J. D. 
Oliver. 2004. Biochemical and virulence characterization 
of viable but nonculturable cells of Vibrio parahaemo
lyticus. ]. Food Prat. 67:2430-2305. 

147. Wouters, J. A., F. M. Rombouts, W. M. deVos, 0. P. 
Kuipers, and T. Abee. 1999. Cold shock proteins 
and low-temperature response of Streptococcus ther
mophilus CNRZ302. Appl. Environ. Microbial. 65: 
4436-4442. 

148. Yura, T., and K. Nakahigashi. 1999. Regulation of the 
heat-shock response. Curr. Opin. Microbial. 2:153-158. 

149. Zottola, E. A., and K. C. Sasahara. 1994. Microbial bio
films in the food processing industry-should they be a 
concern? Int.]. Food Microbial. 23:125-148. 



Household
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Transmission of infectious gastroenteritis was studied
in 936 predominately Hispanic households in northern
California. Among 3,916 contacts of 1,099 primary case-
patients, the secondary attack rate was 8.8% (95% confi-
dence interval 7.9–9.7); children had a 2- to 8-fold greater
risk than adults. Bed-sharing among children in crowded
homes is a potentially modifiable risk.

Infectious diarrhea poses a major problem for the US
healthcare system and employers. Although <5% of

episodes may result in a physician encounter (1), surveil-
lance systems have estimated that 0.72 episodes occur per
person-year, and up to 1.1 episodes per year for children
<5 years of age (2). Household transmission of infectious
gastroenteritis is likely to account for a substantial portion
of community incidence. With the exception of a few
prospective studies (3,4), studies of household transmis-
sion of gastroenteritis have typically reported on commu-
nity outbreaks of individual pathogens followed up in the
home (5–9). In these outbreak settings, secondary attack
rates were 4%–20%, depending on pathogen, mode of
transmission, and length of time spent in the household.
Since household clusters of gastroenteritis may parallel
larger community trends (10), information about baseline
incidence and risk factors is useful to validate population-
based and sentinel surveillance systems. 

The Study
Index cases of probable infectious gastroenteritis were

identified through 15 participating community health
providers; 11 of these were public health clinics serving
low-income families. After an initial telephone interview, a
home visit was scheduled within 2 weeks of the index
episode. Household contacts of the index patient were
interviewed regarding symptoms and onset of diarrheal ill-
ness. A second visit 3 months later completed documenta-
tion of the household episode. The cohort consists
predominately of Hispanic families with young children,
including a median of 5 persons (range 2–20) per house-
hold and a median sleeping density of 2.5 persons/bed-
room. Households were excluded if they had <2

participating members or if the living unit was a dormito-
ry or other communal residential arrangement.  

Infectious gastroenteritis was defined as 1) diarrheal ill-
ness lasting <14 days and marked by symptoms of loose or
watery stool occurring at least 5 times per day in a child <2
years of age, or at least 3 times per day in older persons or
2) at least 1 instance of vomiting per day in a person of any
age. Illnesses considered noninfectious in origin, such as
those due to morning sickness, poisoning, medications, or
alcohol, were excluded from the case definition. A primary
case was defined as the first household case with onset
within 2 weeks of the index referral or onset within 2 days
of the first primary case. Secondary gastroenteritis was
defined as an illness meeting the case definition of infec-
tious gastroenteritis, beginning at least 2 days after the
onset and <5 days after the end of an episode in another
household contact. A household episode was deemed to
have concluded when all members had been symptom-free
for at least 5 days. Secondary attack rates were estimated
crudely and also modeled by using the life-table method.
Risk factors associated with secondary transmission were
assessed with logistic regression, with an exchangeable
correlation matrix to account for household clusters. 

From 1999 to 2004, a total of 3,747 index referrals were
received; 2,094 (56%) persons could be contacted by
phone and met initial eligibility criteria. Of these, 830
(40%) declined participation, and 1,264 (60%) were
scheduled for a home visit. After the initial home visit,
1,154 households were enrolled, and 102 were excluded
because the index episode did not meet the case definition
(n = 80), the household had <2 interested members (n =
20), or someone in the household had participated in a
prior study (n = 2). Of the 1,154 households enrolled, 936
(81%) completed documentation of >1 household gas-
troenteritis episode. These 936 households had 5,783
members. Of these, 5,015 (87%) gave reports sufficient to
classify symptoms as primary, secondary, or absent; 557
(9.6%) did not participate in interviews; and 211 (3.6%)
reported diarrhea, vomiting, or both that could not be clas-
sified temporally. Of participating members, 24% were <5
years of age, 18% were 6–17 years of age, and 58% were
>18 years of age.

Household episodes lasted a median of 9 days (range
5–29 days) and involved 1–6 household members. Of the
1,443 (29%) household members who reported symptoms
consistent with infectious gastroenteritis, 1,099 (76%)
were classified as primary and 344 (24%) as secondary
case-patients (Figure 1). Median age of primary cases was
3.6 years, including 60% <5 years of age (Table 1).

Among 3,916 contacts of the 1,099 primary case-
patients, the crude secondary attack rate was 8.8% (95%
confidence interval [CI] 7.9–9.7). Household transmission
occurred within a median of 4 days (range 2–15 days) of
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onset of symptoms in the first primary case. Cumulative
hazard rates varied substantially by age: 37%, 17%, 15%,
and 8% for study participants <2, 2–5, 6–17, and >18 years
of age, respectively (Figure 2). Secondary transmission
occurred in 240 (26%) homes, and households with second-
ary cases were larger, with a median of 3 versus 2 children.

The crude secondary attack rate of 9% is somewhat
lower than, but not inconsistent with, prior estimates.
Pickering et al. (5) reported an overall secondary attack
rate of 11% among family members of children involved
in daycare outbreaks, with rates of 26%, 15%, and 17% for
Shigella, rotavirus, and Giardia, respectively. After a food-
borne outbreak of Norovirus, Gotz et al. (6) estimated that
20% of family members of daycare participants became ill.

In an investigation of sporadic Escherichia coli O157,
Parry et al. (9) estimated attack rates of 4%–15% in house-
hold contacts. In a small Danish community, 12% of fam-
ily members became ill after children attending a daycare
center in a neighboring town were exposed to a contami-
nated water supply (11). Similarly, 11% of family mem-
bers became ill within 3 days of children’s return from
summer camp, where they were exposed to a suspected
viral agent (8). 

Since outbreak and surveillance investigations typical-
ly focus on highly transmissible agents with more severe
illnesses, the somewhat lower secondary attack rate
observed in this study of unidentified, mixed agents is not
surprising. Risk interval (ours including a 96-hour post-
symptomatic period) may affect classification of second-
ary illness. Among 835 households completing the
follow-up visit, 380 (46%) had up to 7 recurrent episodes
during a 3-month period, 42 beginning 6–10 days after
conclusion of the first episode. Merging these episodes
would have increased crude attack rates slightly, to ≈10%.
Conversely, >80% of secondary cases occurred within 7
days of primary onset. Thus, our risk interval was likely to
capture incubation periods of more common causal agents
in the United States, although the fact that these homes
were susceptible to recurrent episodes over time cannot be
ignored.  

The risk factor analysis (Table 2) confirmed the role of
age in household transmission; children exhibited a 2- to
8-fold greater risk for secondary gastroenteritis compared
with adults. Although 60% of patients with primary cases
were <5 years of age, secondary transmission was more
likely when the primary case-patient was >5 years (adjust-
ed odds ratio [AOR] 1.7 [95% CI 1.3–2.3]). In addition,
being a member of the index family (AOR 2.5 [95% CI
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Figure 1. Serial onset of 344 secondary cases in 936 households.
A secondary case was defined as onset of symptoms at least 2
days after onset and not more than 5 days after cessation of symp-
toms in a primary case.



1.7–3.6]) and sharing a bed with a primary case-patient
(AOR 2.0 [95% CI 1.5–2.6]) were independently associ-
ated with risk. As observed in some studies of Norovirus
(6,12), exposure to vomiting was also associated with
household transmission (AOR 1.6 [95% CI 1.2–2.2]),
despite the fact that only 1 of 5 contacts reported this
exposure.

Conclusions
Viral agents are thought to account for 80% of reported

community diarrhea (13), and repeated exposure to agents
like rotavirus, as is likely to occur in homes with small
children, may be associated with features of acquired
immunity (14). Some support for this hypothesis is the fact

that, compared with primary cases, secondary cases tend-
ed to be in older children, with shorter episodes and fewer
vomiting episodes (Table 1). Conversely, children <5 years
of age, who constituted nearly one fourth of household
members and had more than half of all illnesses, had more
protracted episodes, regardless of primary or secondary
onset or symptoms. Thus, although age-related immunity
may have played a role in modifying duration or severity
of secondary illness, the high proportion of young children
was more determinative of household risk. Bed-sharing
with these children was likely the major factor in propagat-
ing infection in these crowded homes.

Although our enrollment rate is similar to that in other
population-based studies of gastroenteritis (1,15), we can-
not exclude the possibility that participating families had
different attack rates than nonparticipants. Approximately
13% of members in participating households were not
interviewed or could not be classified as to temporal onset
of symptoms; however, ascertainment did not differ
between households with and without secondary cases.
Although 19% of households were lost to follow-up, most
commonly because of relocation, attack rates among com-
pleting households available for 1 visit or 2 were not sig-
nificantly different. Our risk factor model, which assumes
that multiple events within households share a common
correlation across time, may be strong for longitudinal
data, although for more limited risk periods and conditions
of intense, close contact, the approach may be plausible.  

In conclusion, household transmission continues to
play an important role in community rates of acute intes-
tinal infections. Bed-sharing among children in crowded
homes constitutes a potentially modifiable risk. 
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Figure 2. Hazard of secondary gastroenteritis by age group.
Cumulative hazard, the cumulative proportion of contacts classi-
fied as secondary cases. Household risk periods, defined as end-
ing when all members had been symptom-free for  96 hours,
lasted a median of 9 days (interquartile range 7–13). 
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Estimates of foodborne illness can be used to direct 
food safety policy and interventions. We used data from ac-
tive and passive surveillance and other sources to estimate 
that each year 31 major pathogens acquired in the United 
States caused 9.4 million episodes of foodborne illness 
(90% credible interval [CrI] 6.6–12.7 million), 55,961 hos-
pitalizations (90% CrI 39,534–75,741), and 1,351 deaths 
(90% CrI 712–2,268). Most (58%) illnesses were caused 
by norovirus, followed by nontyphoidal Salmonella spp. 
(11%), Clostridium perfringens (10%), and Campylobacter
spp. (9%). Leading causes of hospitalization were nonty-
phoidal Salmonella spp. (35%), norovirus (26%), Campy-
lobacter spp. (15%), and Toxoplasma gondii (8%). Leading 
causes of death were nontyphoidal Salmonella spp. (28%), 
T. gondii (24%), Listeria monocytogenes (19%), and norovi-
rus (11%). These estimates cannot be compared with prior 
(1999) estimates to assess trends because different meth-
ods were used. Additional data and more refi ned methods 
can improve future estimates.

Estimates of the overall number of episodes of foodborne 
illness are helpful for allocating resources and priori-

tizing interventions. However, arriving at these estimates 
is challenging because food may become contaminated 
by many agents (e.g., a variety of bacteria, viruses, para-
sites, and chemicals), transmission can occur by nonfood 
mechanisms (e.g., contact with animals or consumption of 
contaminated water),  the proportion of disease transmitted 
by food differs by pathogen and by host factors (e.g. age 
and immunity),  and only a small proportion of illnesses 
are con� rmed by laboratory testing and reported to public 
health agencies.

Laboratory-based surveillance provides crucial infor-
mation for assessing foodborne disease trends. However, 

because only a small proportion of illnesses are diagnosed 
and reported, periodic assessments of total episodes of ill-
ness are also needed. (Hereafter, episodes of illness are 
referred to as illnesses.) Several countries have conducted 
prospective population-based or cross-sectional studies to 
supplement surveillance and estimate the overall number of 
foodborne illnesses (1). In 2007, the World Health Organi-
zation launched an initiative to estimate the global burden 
of foodborne diseases (2).

In 1999, the Centers for Disease Control and Prevention 
provided comprehensive estimates of foodborne illnesses, 
hospitalizations, and deaths in the United States caused by 
known and unknown agents (3). This effort identi� ed many 
data gaps and methodologic limitations. Since then, new 
data and methods have become available. This article is 1 
of 2 reporting new estimates of foodborne diseases acquired 
in the United States (hereafter referred to as domestically 
acquired). This article provides estimates of major known 
pathogens; the other provides estimates for agents of acute 
gastroenteritis not speci� ed in this article (4).

Methods
Adequate data for preparing national estimates were 

available for 31 pathogens. We estimated the number of 
foodborne illnesses, hospitalizations, and deaths caused 
by these 31 domestically acquired pathogens by using data 
shown in the online Appendix Table (www.cdc.gov/EID/
content/17/1/7-appT.htm) and online Technical Appendix 
1 (www.cdc.gov/EID/content/17/1/7-Techapp1.pdf).

Data were mostly from 2000–2008, and all estimates 
were based on the US population in 2006 (299 million per-
sons). Estimates were derived from statistical models with 
many inputs, each with some measure of uncertainty (5). 
To re� ect this uncertainty, we used probability distribu-
tions to describe a range of plausible values for all model 
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inputs. We expressed model outputs as probability distri-
butions summarized by a mean point estimate with 90% 
credible intervals (CrIs). We used 2 types of modeling ap-
proaches for different types of data: 1) models that began 
with counts of laboratory-con� rmed illnesses and were ad-
justed for undercounts (because of underreporting and un-
derdiagnosis) and thus scaled up to the estimated number 
of illnesses and 2) models that began with a US popula-
tion and used incidence data to scale down to the estimated 
number of illnesses (Table 1). The modeling approaches 
used and parameters of these probability distributions are 
detailed in online Technical Appendixes 2 and 3 (www.
cdc.gov/EID/content/17/1/7-Techapp2.pdf and www.cdc.
gov/EID/content/17/1/7-Techapp3.pdf, respectively); the 
proportions cited are modal values.

Illnesses
Laboratory-based surveillance data were available 

for 25 pathogens (online Appendix Table). The following 
events must occur for an illness to be ascertained and in-
cluded in laboratory-based surveillance: the ill person must 
seek medical care, a specimen must be submitted for labo-
ratory testing, the laboratory must test for and identify the 
causative agent, and the illness must be reported to public 
health authorities. If a break occurs in any of the � rst 3 
steps of this surveillance chain, the causative agent will not 
be laboratory con� rmed (underdiagnosis). Furthermore, 
although all laboratory-con� rmed illnesses are reported 
by active surveillance, some will not be reported by pas-
sive surveillance (underreporting). Therefore, to estimate 
the number of illnesses caused by pathogens under public 
health surveillance, we determined the number of labora-
tory-con� rmed illnesses and adjusted for underdiagnosis 
and, if necessary, for underreporting by using a series of 
component multipliers.

Laboratory-con� rmed illnesses for these 25 patho-
gens were reported through 5 surveillance programs: the 
Foodborne Diseases Active Surveillance Network (Food-

Net) for Campylobacter spp., Cryptosporidium spp., Cy-
clospora cayetanensis, Shiga toxin–producing Escherichia
coli (STEC) O157, STEC non-O157, Listeria monocyto-
genes, nontyphoidal Salmonella spp., Salmonella enterica 
serotype Typhi, Shigella spp., and Yersinia enterocolit-
ica; the National Noti� able Diseases Surveillance Sys-
tem (NNDSS) for Brucella spp., Clostridium botulinum, 
Trichinella spp., hepatitis A virus, and Giardia intestinalis; 
the Cholera and Other Vibrio Illness Surveillance (COVIS) 
system for toxigenic Vibrio cholerae, V. vulnifi cus, V. para-
hemolyticus, and other Vibrio spp.; the National Tuberculo-
sis Surveillance System (NTSS) for Mycobacterium bovis; 
and the Foodborne Disease Outbreak Surveillance System 
(FDOSS) for Bacillus cereus, Clostridium perfringens, en-
terotoxigenic E. coli (ETEC), Staphylococcus aureus, and 
Streptococcus spp. group A (online Appendix Table; online 
Technical Appendix 1). When data were available from >1 
surveillance system, we used active surveillance data from 
FoodNet, except for Vibrio spp., for which we used COVIS 
because of geographic clustering of Vibrio spp. infections 
outside FoodNet sites. We used data on outbreak-associat-
ed illnesses from FDOSS only for pathogens for which no 
data were available from other systems.

Because FoodNet conducts surveillance at 10 sites (6), 
we estimated the number of laboratory-con� rmed illnesses 
in the United States by applying incidence from FoodNet to 
the estimated US population for 2006 (7). We constructed 
a probability distribution based on extrapolation of rates 
by year (2005–2008) in each FoodNet site (online Techni-
cal Appendix 3). We used data from 2005–2008 because 
the FoodNet surveillance area was constant during that 
period and because FoodNet began collecting information 
on foreign travel in 2004. We used data from 2000–2007 
for NNDSS, COVIS, and FDOSS and annual counts of 
reported illnesses for our probability distributions. Some 
evidence of trend was found for illness caused by hepatitis 
A virus, S. aureus, and Vibrio spp.; therefore, recent years 
were weighted more heavily (online Technical Appendixes 
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Table 1. Modeling approaches used to estimate the total number of illnesses for different types of data, United States* 
Pathogens for which laboratory-confirmed illnesses were scaled up Pathogens for which US 

population was scaled down Active surveillance data Passive surveillance data Outbreak surveillance data 
Campylobacter spp. Brucella spp. Bacillus cereus Astrovirus

Cryptosporidium spp. Clostridium botulinum Clostridium perfringens Norovirus
Cyclospora cayetanensis Giardia intestinalis ETEC† Rotavirus

STEC O157 Hepatitis A virus Staphylococcus aureus Sapovirus
STEC non-O157 Mycobacterium bovis Streptococcus spp. group A Toxoplasma gondii

Listeria monocytogenes Trichinella spp. 
Salmonella spp., nontyphoidal‡ Vibrio cholera, toxigenic 

S. enterica serotype Typhi Vibrio parahaemolyticus
Shigella spp. Vibrio vulnificus

Yersinia enterocolitica Vibrio spp., other 
*ETEC, enterotoxigenic Escherichi coli; STEC, Shiga toxin–producing E. coli.
†Numbers of E. coli other than STEC or ETEC assumed to be same as for ETEC.  
‡Includes all serotypes other than Typhi. 
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2, 3). NTSS was used to determine the number of reported 
illnesses caused by M. bovis during 2004–2007.

We assumed that all laboratory-con� rmed illnesses 
were reported to FoodNet active surveillance in the rel-
evant catchment areas. Because COVIS and NNDSS 
conduct passive surveillance, we applied an underreport-
ing multiplier (1.1 for bacteria and 1.3 for parasites) de-
rived by comparing incidence of all nationally noti� able 
illnesses ascertained through FoodNet with that reported 
to NNDSS (online Technical Appendix 4, www.cdc.gov/
EID/content/17/1/7-Techapp4.pdf). For the 5 bacteria for 
which only outbreak data were available, we estimated the 
number of laboratory-con� rmed illnesses by creating an 
underreporting multiplier as follows. We determined the 
proportion of illnesses ascertained through FoodNet that 
were caused by Campylobacter spp., Cryptosporidium 
spp., C. cayatanensis, L. monocytogenes, Salmonella spp., 
Shigella spp., STEC, Vibrio spp., and Y. enterocolitica that 
were also reported to FDOSS as outbreak associated and 
applied the inverse of this proportion, 25.5, to those patho-
gens (online Technical Appendix 4). We assumed that all 
illnesses caused by M. bovis were reported to NTSS.

To adjust for underdiagnosis resulting from variations 
in medical care seeking, specimen submission, laboratory 
testing, and test sensitivity, we created pathogen-speci� c 
multipliers. To adjust for medical care seeking and speci-
men submission, we pooled data from FoodNet Popula-
tion Surveys in 2000–2001, 2002–2003 (8), and 2006–
2007 (Centers for Disease Control and Prevention, unpub. 
data) from which we estimated the proportion of persons 
who in the past month reported an acute diarrheal illness 
(>3 loose stools in 24 hours lasting >1 day or resulting 
in restricted daily activities) and sought medical care and 
submitted a stool sample for that illness. Because persons 
with more severe illness are more likely to seek care (9), 
we estimated pathogen-speci� c proportions of persons 
with laboratory-con� rmed infections who had severe ill-
ness (e.g., bloody diarrhea) and used medical care seeking 
and stool sample submission rates for bloody (35% and 
36%, respectively) and nonbloody (18% and 19%, respec-
tively) diarrhea as surrogates for severe and mild cases of 
most illnesses (online Technical Appendix 3). However, 
for infections with L. monocytogenes, M. bovis, and V. 
vulnifi cus and severe infections with hepatitis A virus, we 
assumed high rates of medical care seeking (i.e., we as-
sumed that 100% of persons with M. bovis infection and 
90% with L. monocytogenes, V. vulnifi cus, or severe hepa-
titis A virus infections sought care) and specimen submis-
sion (100% for hepatitis A virus and M. bovis, 80% for 
others). We accounted for percentage of laboratories that 
routinely tested for speci� c pathogens (25%–100%) and 
test sensitivity (28%–100%) by using data from FoodNet 

(10,11) and other surveys of clinical diagnostic labora-
tory practices (online Technical Appendix 3). For the 5 
pathogens for which data were from outbreaks only, we 
used the nontyphoidal Salmonella spp. underdiagnosis 
multiplier.

Alternative approaches were used for infections not 
routinely reported by any surveillance system (i.e., diar-
rheagenic E. coli other than STEC and ETEC, T. gondii, 
astrovirus, rotavirus, sapovirus, and norovirus) (online 
Technical Appendixes 1–3). We assumed diarrheagenic 
E. coli other than STEC and ETEC to be as common as 
ETEC. Illnesses caused by T. gondii were estimated by us-
ing nationally representative serologic data from the 1999–
2004 National Health and Nutrition Examination Survey 
(12) and an estimate that clinical illness develops in 15% 
of persons who seroconvert (13). We assumed that 75% 
of children experience an episode of clinical rotavirus ill-
ness by 5 years of age, consistent with � ndings from other 
studies (14), and used this estimate for astrovirus and sapo-
virus. We estimated norovirus illnesses by applying mean 
proportion of all acute gastroenteritis caused by norovirus 
(11%) according to studies in other industrialized countries 
(15–18) to estimates of acute gastroenteritis from FoodNet 
Population Surveys (online Appendix Table; online Tech-
nical Appendixes 1–3) (4).

Hospitalizations and Deaths
For most pathogens, numbers of hospitalizations and 

deaths were estimated by determining (from surveillance 
data) the proportion of persons who were hospitalized and 
the proportion who died and applying these proportions to 
the estimated number of laboratory-con� rmed illnesses (on-
line Appendix Table; online Technical Appendixes 1, 3). 
Rates of hospitalization and death caused by G. intestinalis
and T. gondii were based on the 2000–2006 Nationwide 
Inpatient Sample. Because some persons with illnesses that 
were not laboratory con� rmed would also have been hos-
pitalized and died, we doubled the number of hospitaliza-
tions and deaths to adjust for underdiagnosis, similar to the 
method used by Mead et al. (3) but applied an uncertainty 
distribution (online Technical Appendix 3). For diarrhe-
agenic E. coli other than STEC and ETEC, total numbers 
of hospitalizations and deaths were assumed to be the same 
as those for ETEC. For rotavirus, we used previous esti-
mates (14). For astrovirus and sapovirus, we assumed that 
the number was 25% that of rotavirus (19,20). Numbers of 
norovirus hospitalizations and deaths were determined by 
multiplying the estimated number of hospitalizations and 
deaths caused by acute gastroenteritis, estimated by using 
national data on outpatient visits resulting in hospitaliza-
tion, hospital discharge surveys, and death certi� cates (on-
line Appendix Table; online Technical Appendixes 1–3) 
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(4), by the same norovirus proportion (11%) used to esti-
mate illnesses (15–18).

Domestically Acquired Foodborne Illnesses
Data from published studies and surveillance were used 

to determine, for each pathogen, the proportion of illnesses 
acquired while the person had been traveling outside the 
United States (online Technical Appendixes 1, 3). The re-
maining proportion was considered domestically acquired. 
We based our estimates of the proportion of domestically 
acquired foodborne illnesses caused by each pathogen on 
data from surveillance, risk factor studies, and a literature 
review (online Technical Appendixes 1, 3).

Uncertainty Analysis
We used empirical data, when available, to de� ne entire 

distributions or parameters of distributions (online Techni-
cal Appendix 3). When data were sparse, we made reasoned 
judgments based on context, plausibility, and previously 
published estimates. The parametric distribution used for al-
most all multipliers was a 4-parameter beta (modi� ed PERT) 
distribution (21). The � rst 3 parameters are low, modal, and 
high. The fourth parameter is related to the variability of 
the distribution. We typically � xed this last parameter at 4, 
which yields the simple PERT distribution (21). However, 
when describing the outbreak reporting multiplier, we used 
a value of 20 (online Technical Appendix 4).

Uncertainty in the estimates is the cumulative effect 
of uncertainty of each of the model inputs. We iteratively 
generated sets of independent pathogen-speci� c adjust-
ment factors and used these multipliers to estimate illness-
es, hospitalizations, and deaths (Figure; online Technical 
Appendix 2). On the basis of 100,000 iterations, we ob-
tained empirical distributions of counts corresponding to 
Bayesian posterior distributions and used these posterior 
distributions to generate a point estimate (posterior mean) 
and upper and lower 5% limits for 90% CrIs. Because in-
cidence of illnesses differed by location and over time, 

we included these variations in the models, which led to 
wider CrIs than if we had assumed that inputs represented 
independent random samples of a � xed US population. We 
used SAS version 9.2 (SAS Institute, Cary, NC, USA) for 
these analyses.

Results

Foodborne Illnesses
We estimate that each year in the United States, 31 

pathogens caused 37.2 million (90% CrI 28.4–47.6 mil-
lion) illnesses, of which 36.4 million (90% CrI 27.7–46.7 
million) were domestically acquired; of these, 9.4 mil-
lion (90% CrI 6.6–12.7 million) were foodborne (Table 
2; expanded version available online, www.cdc.gov/EID/
content/17/1/7-T2.htm). We estimate that 5.5 million 
(59%) foodborne illnesses were caused by viruses, 3.6 mil-
lion (39%) by bacteria, and 0.2 million (2%) by parasites. 
The pathogens that caused the most illnesses were noro-
virus (5.5 million, 58%), nontyphoidal Salmonella spp. 
(1.0 million, 11%), C. perfringens (1.0 million, 10%), and 
Campylobacter spp. (0.8 million, 9%).

Hospitalizations
We estimate that these 31 pathogens caused 228,744 

(90% CrI 188,326–275,601) hospitalizations annually, of 
which 55,961 (90% CrI 39,534–75,741) were caused by 
contaminated food eaten in the United States (Table 3; 
expanded version available online, www.cdc.gov/EID/
content/17/1/7-T3.htm). Of these, 64% were caused by 
bacteria, 27% by viruses, and 9% by parasites. The leading 
causes of hospitalization were nontyphoidal Salmonella 
spp. (35%), norovirus (26%), Campylobacter spp. (15%), 
and T. gondii (8%).

Deaths
We estimate that these 31 pathogens caused 2,612 

deaths (90% CrI 1,723–3,819), of which 1,351 (90% CrI 
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Figure. Example schematic diagram of the estimation and uncertainty model used to estimate episodes of illness, hospitalizations, and 
deaths in the United States. Count, data (empirical distribution); Year, factor to standardize non-2006 counts to 2006 (constant); Sub,
expansive factor to scale area surveillance to the entire US population (constant); Ob, expansive factor to scale outbreak counts up to 
outbreak plus sporadic counts (beta distribution); CS, expansive factor to scale care seekers to all ill, with severe and mild illness versions 
(PERT distribution); SS, expansive factor to scale submitted samples to all visits, with severe and mild illness versions (PERT distribution); 
PS, estimated proportion of illnesses that are severe (PERT distribution); LT, expansive factor to scale tests performed up to samples 
submitted (PERT distribution); LS, expansive factor to scale positive test results up to true positive specimens (PERT distribution); H,
contractive factor to scale illnesses down to hospitalized illnesses (PERT distribution); D, contractive factor to scale illnesses down to 
deaths (PERT distribution); F, contractive factor to scale illnesses down to foodborne illnesses (PERT distribution).
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712–2,268) were caused by contaminated food eaten in the 
United States (Table 3). Of these, 64% were caused by bac-
teria, 25% by parasites, and 12% by viruses. The leading 

causes of death were nontyphoidal Salmonella spp. (28%), 
T. gondii (24%), L. monocytogenes (19%), and norovirus 
(11%).
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Table 2. Estimated annual number of episodes of domestically acquired foodborne illnesses caused by 31 pathogens, United States*

Pathogen
Laboratory 
confirmed

Multipliers 
Travel

related, % 
Foodborne, 

%† 
Domestically acquired foodborne, 

mean (90% credible interval) 
Under-

reporting 
Under-

diagnosis
Bacteria
 Bacillus cereus, foodborne 85‡ 25.5 29.3 <1 100 63,400 (15,719–147,354) 
 Brucella spp. 120§ 1.1 15.2 16 50 839 (533–1,262) 
 Campylobacter spp. 43,696¶ 1.0 30.3 20 80 845,024 (337,031–1,611,083) 
 Clostridium botulinum,  

foodborne 
25§ 1.1 2.0 <1 100 55 (34–91) 

 Clostridium perfringens,  
foodborne 

1,295‡ 25.5 29.3 <1 100 965,958 (192,316–2,483,309) 

STEC O157 3,704¶ 1.0 26.1 4 68 63,153 (17,587–149,631) 
STEC non-O157 1,579¶ 1.0 106.8 18 82 112,752 (11,467–287,321) 
ETEC, foodborne 53‡ 25.5 29.3 55 100 17,894 (24–46,212) 
Diarrheagenic E. coli  
other than STEC and ETEC

53 25.5 29.3 <1 30 11,982 (16–30,913) 

 Listeria monocytogenes 808¶ 1.0 2.1 3 99 1,591 (557–3,161) 
 Mycobacterium bovis 195¶ 1.0 1.1 70 95 60 (46–74) 
 Salmonella spp., nontyphoidal 41,930¶ 1.0 29.3 11 94 1,027,561 (644,786–1,679,667) 
 S. enterica serotype Typhi 433¶ 1.0 13.3 67 96 1,821 (87–5,522) 
 Shigella spp. 14,864¶ 1.0 33.3 15 31 131,254 (24,511–374,789) 
 Staphylococcus aureus,  

foodborne 
323‡ 25.5 29.3 <1 100 241,148 (72,341–529,417) 

 Streptococcus spp. group A,  
 foodborne

15‡ 25.5 29.3 <1 100 11,217 (15–77,875) 

 Vibrio cholerae, toxigenic 8§ 1.1 33.1 70 100 84 (19–213) 
 V. vulnificus 111§ 1.1 1.7 2 47 96 (60–139) 
 V. parahaemolyticus 287§ 1.1 142.4 10 86 34,664 (18,260–58,027) 
 Vibrio spp., other 220§ 1.1 142.7 11 57 17,564 (10,848–26,475) 
 Yersinia enterocolitica 950¶ 1.0 122.8 7 90 97,656 (30,388–172,734) 
Subtotal 3,645,773 (2,321,468–5,581,290) 
Parasites
 Cryptosporidium spp. 7,594¶ 1.0 98.6 9 8 57,616 (12,060–166,771) 
 Cyclospora cayetanensis 239¶ 1.0 83.1 42 99 11,407 (137–37,673) 
 Giardia intestinalis 20,305§ 1.3 46.3 8 7 76,840 (51,148–109,739) 
 Toxoplasma gondii 1.0 0.0 <1 50 86,686 (64,861–111,912) 
 Trichinella spp. 13§ 1.3 9.8 4 100 156 (42–341) 
Subtotal 232,705 (161,923–369,893) 
Viruses
 Astrovirus NA NA NA 0 <1 15,433 (5,569–26,643) 
 Hepatitis A virus 3,576§ 1.1 9.1 41 7 1,566 (702–3,024) 
 Norovirus NA NA NA <1 26 5,461,731 (3,227,078–8,309,480) 
 Rotavirus NA NA NA 0 <1 15,433 (5,569–26,643) 
 Sapovirus NA NA NA 0 <1 15,433 (5,569–26,643) 
Subtotal 5,509,597 (3,273,623–8,355,568) 
Total 9,388,075

(6,641,440–12,745,709) 
*All estimates based on US population in 2006. Modal or mean value shown unless otherwise stated; see online Technical Appendix 3 
(www.cdc.gov/EID/content/17/1/7-Techapp3.pdf) for the parameters of these distributions. STEC, Shiga toxin–producing Escherichia coli; ETEC, 
enterotoxigenic E. coli; NA, not applicable. An expanded version of this table is available online (www.cdc.gov/EID/content/17/1/7-T2.htm). 
†Percentage foodborne among domestically acquired illnesses.  
‡Passive surveillance data on outbreak-associated illnesses from the Foodborne Disease Outbreak Surveillance System. Estimates based on the number 
of foodborne illnesses ascertained in surveillance and therefore assumed to reflect only foodborne transmission. 
§Passive surveillance data from Cholera and Other Vibrio Illness Surveillance or the National Notifiable Disease Surveillance System.  
¶Active surveillance data from Foodborne Diseases Active Surveillance Network, adjusted for geographic coverage; data from the National Tuberculosis 
Surveillance System for M. bovis.
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Discussion
We estimate that foods consumed in the United States 

that were contaminated with 31 known agents of foodborne 
disease caused 9.4 million illnesses, 55,961 hospitaliza-
tions, and 1,351 deaths each year. Norovirus caused the 
most illnesses; nontyphoidal Salmonella spp., norovirus, 
Campylobacter spp., and T. gondii caused the most hos-
pitalizations; and nontyphoidal Salmonella spp., T. gondii, 
L. monocytogenes, and norovirus caused the most deaths. 
Scarce data precluded estimates for other known infectious 

and noninfectious agents, such as chemicals. Foodborne 
diseases are also caused by agents not yet recognized as 
being transmitted in food and by unknown agents (22). The 
numbers of illnesses caused by these unspeci� ed agents are 
estimated elsewhere (4).

Studies estimating the overall number of foodborne 
illnesses have been conducted in England and Wales and 
in Australia (23,24). Similar to our � ndings, in Australia 
norovirus was the leading cause of foodborne illness, ac-
counting for 30% of illnesses caused by known pathogens. 
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Table 3. Estimated annual number of domestically acquired foodborne hospitalizations and deaths caused by 31 pathogens, United 
States*

Pathogen 
Hospitalization

rate, %† 
Hospitalizations, mean 
(90% credible interval) 

Death
rate, %† 

Deaths, mean  
(90% credible interval) 

Bacteria
 Bacillus cereus, foodborne‡  0.4 20 (0–85) 0 0
 Brucella spp. 55.0 55 (33–84) 0.9 1 (0–2) 
 Campylobacter spp. 17.1 8,463 (4,300–15,227) 0.1 76 (0–332) 
 Clostridium botulinum, foodborne‡  82.6 42 (19–77) 17.3 9 (0–51) 
 Clostridium perfringens, foodborne‡  0.6 438 (44–2,008) <0.1 26 (0–163) 

STEC O157 46.2 2,138 (549–4,614) 0.5 20 (0–113) 
STEC non-O157 12.8 271 (0–971) 0.3 0 (0–0)§ 
ETEC, foodborne 0.8 12 (0–53) 0 0
Diarrheagenic E. coli other than STEC and ETEC 0.8 8 (0–36) 0 0

 Listeria monocytogenes 94.0 1,455 (521–3,018) 15.9 255 (0–733) 
 Mycobacterium bovis 55.0 31 (21–42) 4.7 3 (2–3) 
 Salmonella spp., nontyphoidal 27.2 19,336 (8,545–37,490) 0.5 378 (0–1,011) 
 S. enterica serotype Typhi 75.7 197 (0–583) 0 0
 Shigella spp. 20.2 1,456 (287–3,695) 0.1 10 (0–67) 
 Staphylococcus aureus, foodborne‡  6.4 1,064 (173–2,997) <0.1 6 (0–48) 
 Streptococcus spp. group A, foodborne‡ 0.2 1 (0–6) 0 0
 Vibrio cholerae, toxigenic 43.1 2 (0–5) 0 0
 V. vulnificus 91.3 93 (53–145) 34.8 36 (19–57) 
 V. parahaemolyticus 22.5 100 (50–169) 0.9 4 (0–17) 
 Vibrio spp., other 37.1 83 (51–124) 3.7 8 (3–19) 
 Yersinia enterocolitica 34.4 533 (0–1,173) 2.0 29 (0–173) 
Subtotal 35,796 (21,519–53,414) 861 (260–1,761) 
Parasites
 Cryptosporidium spp. 25.0 210 (58–518) 0.3 4 (0–19) 
 Cyclospora cayetanensis 6.5 11 (0–109) 0.0 0
 Giardia intestinalis 8.8 225 (141–325) 0.1 2 (1–3) 
 Toxoplasma gondii 2.6 4,428 (2,634–6,674) 0.2 327 (200–482) 
 Trichinella spp. 24.3 6 (0–17) 0.2 0 (0–0) 
Subtotal 4,881 (3,060–7,146) 333 (205–488) 
Viruses
 Astrovirus 0.4 87 (32–147) <0.1 0
 Hepatitis A virus 31.5 99 (42–193) 2.4 7 (3–15) 
 Norovirus 0.03 14,663 (8,097–23,323) <0.1 149 (84–237) 
 Rotavirus 1.7 348 (128–586) <0.1 0
 Sapovirus 0.4 87 (32–147) <0.1 0
Subtotal 15,284 (8,719–23,962) 157 (91–245) 
Total 55,961 (39,534–75,741) 1,351 (712–2,268) 
*All estimates were based on US population in 2006. STEC, Shiga toxin–producing Escherichia coli; ETEC, enterotoxigenic E. coli. An expanded version 
of this table is available online (www.cdc.gov/EID/content/17/1/7-T3.htm). 
†For laboratory-confirmed illnesses. Unadjusted hospitalization and death rates are presented here. These rates were doubled to adjust for 
underdiagnosis before being applied to the number of laboratory-confirmed cases to estimate the total number of hospitalizations and deaths. The 
hospitalization and death rates for astrovirus, norovirus, rotavirus, and sapovirus presented here are the percentage of total estimated illness and were 
not subject to further adjustment.  
‡Estimates based on the number of foodborne illnesses ascertained in surveillance, therefore assumed to reflect only foodborne transmission. 
§We report median values instead of means for the distributions of deaths caused by STEC non-O157 because of extremely skewed data. 
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In England and Wales, norovirus accounted for only 8% of 
known foodborne illnesses; however, stool sample reexami-
nation using molecular techniques documented higher rates 
(18). Nontyphoidal Salmonella spp. and Campylobacter 
spp. were leading causes of foodborne illnesses in all 3 
countries (England and Wales, Australia, and the United 
States), although nontyphoidal Salmonella spp. accounted 
for a greater proportion of illness in the United States. Re-
cent serologic data from Europe suggest that Salmonella 
spp. infections are more common than estimated by our 
methods; however, many infections may be asymptomatic 
(25). Our estimates did not capture mild illnesses associat-
ed with some pathogens. For example, mild cases of botu-
lism are often recognized as part of outbreaks, but affected 
persons seldom seek medical care and are not captured by 
surveillance except during outbreaks (26,27). Likewise, 
L. monocytogenes is rarely diagnosed as the cause of gas-
troenteritis and fever, partly because this organism is not 
detected by routine stool culture (28). Early spontaneous 
abortion or miscarriage associated with listeriosis may also 
be underdiagnosed.

Accurately estimating hospitalizations and deaths 
caused by foodborne pathogens is particularly challeng-
ing. National data on outpatient visits resulting in hospi-
talization, hospital discharges, and death certi� cates prob-
ably substantially underestimate pathogen-speci� c cases 
because for pathogen-speci� c diagnoses to be recorded, 
health care providers must order the appropriate diagnostic 
tests and coding must be accurate. Particularly in vulnera-
ble populations, dehydration or electrolyte imbalance from 
a gastrointestinal illness may exacerbate a chronic illness, 
resulting in hospitalization or death well after resolution of 
the gastrointestinal illness; thus, the gastrointestinal illness 
may not be coded as a contributing factor. Moreover, if a 
pathogen is not detected, infections may be coded as non-
infectious illnesses (29). For norovirus, we estimated the 
number of hospitalizations and deaths by applying the es-
timated proportion of acute gastroenteritis illnesses caused 
by norovirus to overall estimates of hospitalizations and 
deaths from acute gastroenteritis; this choice is supported 
by studies of hospitalizations for norovirus (30,31). For 
most other pathogens, we used data from surveillance to 
estimate pathogen-speci� c hospitalizations and deaths and 
doubled the numbers to adjust for underdiagnosis. More 
precise information about the degree of undercounting of 
hospitalizations and deaths for each pathogen would im-
prove these estimates.

Our methods and data differed from those used for 
the 1999 estimates (3). Our estimate of medical care seek-
ing among persons with a diarrheal illness, derived from 
the 3 most recent FoodNet Population Surveys conducted 
during 2000–2007, was higher than that estimated from 
the 1996–1997 FoodNet Population Survey used for the 

1999 estimates (35% and 18% among persons reporting 
bloody and nonbloody diarrhea, respectively, compared 
with 15% and 12% in the earlier [1999] study) (8). These 
data resulted in lower underdiagnosis multipliers, which 
contributed to lower estimates of number of illnesses. The 
biggest change from the earlier estimate was the estimated 
number of norovirus illnesses, which decreased for 2 rea-
sons. First, the number of acute gastrointestinal illnesses 
estimated from the FoodNet Population Survey and used 
in the current study was lower than the estimated number 
of acute gastrointestinal illnesses used in the 1999 assess-
ment. The earlier study used data from 1996–1997; the 
sample size was one � fth as large as ours and incorporated 
data from US studies conducted before 1980 (32,33). Both 
estimates excluded persons reporting concurrent cough or 
sore throat, but the proportion of persons reporting these 
signs and symptoms was higher in the FoodNet Popula-
tion Surveys we used than that in the older US studies 
(38% vs. 25%), contributing to a lower estimated preva-
lence of acute gastroenteritis (0.60 vs. 0.79 episodes/
person/year) (4,32,33). Additionally, the current study 
excluded persons with vomiting who were ill for <1 day 
or whose illness did not result in restricted daily activities, 
whereas the earlier study included all vomiting episodes. 
These factors contributed to the new estimate of acute 
gastroenteritis being 24% lower than the earlier estimate, 
more likely the result of increased accuracy than a true de-
crease in illnesses (4). Second, the lower current estimate 
for norovirus illnesses resulted from a lower proportion of 
norovirus estimated to be foodborne (decreased from 40% 
to 26%); this lower proportion is similar to that estimated 
in recent studies from other countries (23,24). Because of 
these reasons and use of other data sources and methods, 
our estimate cannot be compared with the 1999 estimate 
for the purpose of assessing trends. FoodNet provides the 
best data on trends over time (34).

Data used in the current study came from a variety of 
sources and were of variable quality and representativeness. 
FoodNet sites, from which we used data for 10 pathogens, 
are not completely representative of the US population, but 
1 study indicated that demographic data from FoodNet and 
from the 2005 US census did not differ much (6). For 5 
pathogens, only data on foodborne outbreak–related cases 
were available. No routine surveillance data were available 
for most viruses, forcing us to use a different modeling ap-
proach for viruses than for most other pathogens. Given 
the large number of norovirus illnesses in these estimates, 
the paucity of supporting data is a major limitation. More-
over, combining different methods is not optimal because 
methods themselves may affect the estimates. We chose 
our modeling approach and used the PERT distribution for 
many inputs because data were sometimes limited and sub-
jective decisions were required. Other investigators could 
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have chosen other distributions, for good reasons, and ar-
rived at different estimates.

Our assumptions about the proportion of illnesses 
transmitted by food profoundly affect our estimates, but 
data on which to base these estimates were often lacking. 
We used data from surveillance, risk factor studies, and the 
current literature to estimate the proportion of pathogen-
speci� c illnesses caused by consumption of contaminated 
food (35), but it is not known how representative these data 
are of total illnesses and whether the foodborne propor-
tion is similar across age groups. For example, the propor-
tion of some illnesses acquired from animals (e.g., STEC 
O157) may be higher among children than adults (36), and 
the proportions that spread person-to-person (e.g., norovi-
rus) may be higher among institutionalized elderly persons 
(37). Because a higher proportion of cases are reportedly 
associated with hospitalization or death in these vulnerable 
groups, we may have overestimated the total contribution 
of foodborne transmission for these outcomes.

The methods used for this study could be adapted to 
estimate the proportion of illnesses attributable to other 
modes of transmission, such as waterborne and direct ani-
mal contact. The estimates from this study can be used to 
help direct policy and interventions; to conduct other anal-
yses (e.g., evaluation of economic cost of these diseases 
and attribution to various food commodities); and as a plat-
form for developing estimates of effects of disease caused 
by sequelae of foodborne infections.
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The effects of test variables on the efficacy
of hand hygiene agents
Emily E. Sickbert-Bennett, MS,a,b David J. Weber, MD, MPH,a Maria F. Gergen-Teague, MT (ASCP),a and
William A. Rutala, PhD, MPHa

Chapel Hill, North Carolina

Background: Hand hygiene is essential to interrupting disease transmission in health care facilities. Multiple hand hygiene agents
are currently available for use in the health care setting. To evaluate the utility of these agents, both the user acceptability and the
efficacy need to be evaluated. Different hand hygiene test methodologies have been used to measure the efficacy of these agents,
but efficacy results vary depending on variations to key parameters in these methodologies. The purpose of this study was to
evaluate the effect of test variables on the efficacy of hand hygiene agents.

Methods: Both a comprehensive literature review and original hand hygiene efficacy studies were undertaken. The literature
review was conducted using a Medline search, and hand hygiene efficacy studies were conducted under the American Society for
Testing and Materials (ASTM). E 1174 Standard Test Method for Evaluation of the Effectiveness of Health Care Personnel Handwash
Formulation.

Results: The literature review and our original data showed that the following variables affected the hand hygiene efficacy
measurements: hand jewelry, experimental contamination versus normal flora, method of application of test organism, hand
hygiene agent, concentration of active ingredient, volume of hand hygiene agent, duration of application of hand hygiene agent,
method of application of hand hygiene agent, and study method (human challenge trial versus in vitro suspension test).

Conclusions: Although many methodological variables affect efficacy results, infection control professionals in their analysis of
product information should always assess the results in light of the following key variables: concentration and type of active
ingredient, duration of exposure to hand hygiene agent, volume of hand hygiene agent applied, test organism, and study method
(ie, human challenge vs. in vitro suspension test). (Am J Infect Control 2004;32:69-83.)
Health care-associated infections most commonly
result from person-to-person transmission via the
hands of health care personnel. Therefore, effective
hand hygiene is essential to the prevention and control
of these infections.1 With the proper use of hand
hygiene agents, lower rates of infectious disease have
been documented in health care facilities,2-4 child care
centers,5-6 and households.7-8
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Currently many different hygiene agents are avail-
able for use in the hospital. These agents differ
principally in their active ingredient(s) and method of
application (eg, wash with water, waterless or alcohol-
based handrub, or waterless wipes). The 2 key issues in
assessing the clinical utility of different hand hygiene
agents are compliance and efficacy. Factors demon-
strated to be associated with compliance have included
accessibility, potential for skin irritation, texture, ease
of use, and education on proper hand hygiene.1 Human
challenge trials and in vitro suspension tests have been
used to assess the efficacy of various hand hygiene
agents.9-47 Such studies have served to provide re-
commendations on the proper use of hand hygiene
agents (eg, contact time) and to compare the efficacy of
different agents.

Hand hygiene agent efficacy has been measured
using various methodologies. Although these method-
ologies, in general, follow a schedule of contamination,
hand hygiene, and recovery, many other variables may
affect the measurement of hand hygiene efficacy. Since
these test variables may affect the reported efficacy,
results of published studies must be evaluated in-
dependently, and the reported efficacy of each hand
69
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hygiene agent must be considered relative to other
agents studied using the same test methodology. To
better understand and interpret the results of published
hand hygiene studies, the effects of test variables need
to be assessed.

This paper will describe current methods of assess-
ing the efficacy of hand hygiene agents and the impact
of test variables that can affect the study results.
Specifically, we review all studies published in English,
from 1964 to 2002, that assessed the efficacy of hand
hygiene agents. In addition, we use our data to evaluate
the impact of a number of test variables.

METHODS

Literature review

The literature was obtained via a Medline search
from 1966 through January 2003, of all articles with
the following keywords: hand hygiene, hand antisep-
sis, hand disinfection, and glove juice. We also
reviewed all articles listed under handwashing and
the subheading ‘‘Methods’’ and all articles cross-listed
under handwashing and efficacy. References listed in
articles were also reviewed.

General test methodology

Our hand hygiene study data were obtained using
the framework of the American Society for Testing and
Materials (ASTM) E 1174 Standard Test Method for
Evaluation of the Effectiveness of Health Care Person-
nel Handwash Formulations.48 Briefly, this method
involves contaminating a volunteer’s hands with
a liquid suspension of Serratia marcescens and washing
with a test hand hygiene agent. We also used MS2,
a bacteriophage, as an additional test organism to
assess the efficacy of hand hygiene agents against
a nonenveloped virus. The level of reduction of
microorganisms from the hands was measured by the
amount of organisms recovered from the hands using
the glove juice method before and after hand hygiene.
In the glove juice method, the volunteer’s hands were
placed in oversized gloves filled with a sampling
solution and were massaged for 60 seconds. Neutral-
izing ingredients, tween-80, lecithin, sodium thiosul-
fate, proteose peptone, and tryptone were added to the
sampling solution to quench the antimicrobial action
of the hand hygiene agent applied to the hands; this
neutralizing solution was validated using ASTM E 1054-
91. After the hand massage, 5 mL of glove juice was
retrieved aseptically from the gloves, serially diluted,
and assayed in duplicate by the spread plate technique
(S marcescens) and double agar layer technique (MS2)
with tryptic soy agar plates. Remaining organisms were
enumerated at 24 hours (MS2) and 48 hours (S
marcescens) and were used to estimate, for MS2, the
number of plaque-forming units per (PFU/mL) and, for
S marcescens, the number of colony-forming units per
milliliter (CFU/mL).

All subjects were healthy volunteers. These studies
were approved by the University of North Carolina’s
School of Medicine Institutional Review Board, and
written informed consent was obtained from all
volunteers prior to study participation. Volunteers
were screened for skin disorders and allergies and
excluded if they had any of the following conditions:
eczema, psoriasis, any other chronic skin condition,
nonintact skin, or allergies to any test agent.

Statistical analysis

All statistical analyses were conducted using Micro-
soft Excel (Microsoft, Bellevue, Wash). For all efficacy
results determined using ASTM E 1174, the log
reductions of S marcescens and MS2 were calculated
by subtracting the average log10-transformed remain-
ing microorganisms (CFU/mL or PFU/mL) from the
average log10-transformed baseline level of micro-
organisms recovered from the contaminated hands
(CFU/mL or PFU/mL). These efficacy results and other
single-variable comparisons were analyzed using 95%
confidence intervals and 2 sample, equal variance, 2-
tailed student t tests. The N used for these calculations
was determined by analyzing each hand as a separate
entity, and the number of microorganisms remaining
on each hand was calculated as an average of duplicate
plate counts.

Volunteer variables

Hand volume measurements were made in cubic
centimeters on each volunteer’s hands using a hand
volumeter (Smith & Nephew Roylan, Germantown,
Wis). Regression analysis was conducted to examine
a correlation between hand volumes and measures of
efficacy. In addition, the volunteer’s dominant hand
was self-reported and recorded as right, left, or equal.
After hand hygiene with 61% ethyl alcohol handrub
(Avagard, 3M Healthcare, St Paul, Minn), 70% ethyl
alcohol and 0.005% silver iodide handrub (Surfacine,
Intelligent Biocides, Tyngsborough, Mass), 0.2% ben-
zethonium chloride handwash (Pure Cleanse, Puresoft
Solutions, Newfields, NH), 2% chlorhexidine gluconate
hand wash (Bactoshield, Steris, St Louis, Mo), and
a nonantimicrobial handwash (Soft Soap Hand Soap,
Colgate-Palmolive Company, New York, NY), the effect
of hand dominance on the level of reduction of
microorganisms from the hands was assessed by
comparing the efficacy measurements for the domi-
nant and nondominant hand using paired t tests.
Finally, after their participation, all volunteers were
evaluated by a physician for the presence of skin
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irritation. Volunteers with skin irritation were followed
until resolution. The relationship of the hand hygiene
agent tested and the presence of skin irritation after the
study was examined by stratification of active in-
gredient and method of use.

Contamination

To test the effect of moisture on the hands on the
reduction of microorganisms with alcohol-based hand-
rubs, the volunteers’ contaminated hands were either
air-dried for 60 seconds or were completely dried, in
the opinion of the volunteer, using a hair dryer set to
a cool setting. The compatibility of the test organisms,
S marcescens and MS2, was also assessed by assaying
both the organisms separately (control) and the
organisms combined (experimental). The organisms
were aliquoted into sterile microfuge tubes, vortexed,
10-fold serially diluted, and assayed using the spread
plate technique (S marcescens) and the double agar
layer technique (MS2).

Hand hygiene

To test the effects of the quantity of hand hygiene
agent on efficacy, 2 different volumes of a 62% ethyl
alcohol handrub (Alcare, Steris, St Louis, Mo) were
tested: 3 g, as recommended by the manufacturer,49

and 7 g, in accordance with the manufacturer’s efficacy
study protocol (Laboratory Report Methods #310-306-
6395 for Alcare, Steris, Mentor, Ohio, July 1997). In
addition, the variable of application time was tested
with a 62% ethyl alcohol handrub using both a 10-
second hand hygiene episode and a hand hygiene
episode that lasted until the volunteers felt their hands
were dry, ranging from 3 to 12 minutes. Finally, the
effect of the method of use was examined by
conducting hand hygiene efficacy studies with plain
tap water as a control for the physical removal of S
marcescens with water-based handwashes (0.75%
chlorhexidine gluconate [Primakare, Steris, St Louis,
Mo], 2% chlorhexidine gluconate, 4% chlorhexidine
gluconate [Bactoshield, Steris, St Louis, Mo], 1%
triclosan [Prevacare, Johnson & Johnson, Arlington,
Tex], and 0.2% benzethonium chloride). The percent-
age of log reduction attributed to physical removal and
chemical inactivation was estimated using the log
reduction of tap water achieved.

Recovery

The comparative efficiency of recovery for both the
glove juice recovery method and in vitro suspension
test method was assessed by inoculating both a latex
glove and a sterile flask each containing 75 mL of
sampling and neutralizing solution with S marcescens
and MS2. After 5 minutes of stirring and massaging,
respectively, samples were aseptically retrieved and
assayed. In addition, the effect of proteinaceous
materials on hands was tested by conducting hand
hygiene efficacy studies using a 61% ethyl alcohol
handrub and nonantimicrobial control handwash with
standard solutions and with solutions that did not
contain any proteins. These nonproteinaceous solu-
tions included a phosphate buffer solution for the test
organism suspension rather than a tryptic soy broth,
and the sampling solution was used without the
neutralizing ingredients. Instead, the neutralizing
ingredients were added to the diluent solution rather
than to the glove juice sampling solution.

RESULTS

Literature review

Tables 1 and 2 summarize the results of multiple
published studies that assessed the efficacy of hand
hygiene agents.9-47 They also display selected impor-
tant variables associated with these test methodologies
such as hand hygiene agent concentration, quantity of
agent used, application time, test microorganism, and
test method. In addition, the efficacy of different hand
hygiene agents reported in the literature as well as the
size of the study are displayed. A large number of
potential factors that could affect the efficacy of hand
hygiene agents have been described in the literature
(Table 3).

Test methodology

We have experimentally evaluated several of the
most important variables described in the literature for
their effect on the outcome of hand hygiene efficacy
studies (Table 4).
Volunteer variables. The volume of the volunteers’
hands varied 2.3-fold, from 275 to 640 cm3, with the
average right-hand volume being 430 cm3 and the
average left-hand volume being 421 cm3. Regression
analysis showed no correlation between hand size and
the log reduction of microorganisms (data not shown).
In addition, the level of reduction of microorganisms
from the hands did not differ significantly between the
dominant and nondominant hand (data not shown),
disproving the theory that the dominant hand would
wash the nondominant hand more vigorously, thus
resulting in a higher log reduction of microorganisms.

An analysis of skin irritation stratified by test hand
hygiene agent did not reveal a consistent association
between any specific agent or method of application
and frequency of skin irritation (Table 5). However,
overall 28% of volunteers developed skin irritation.
Skin irritation consisted of 3 to 25 discrete papules
spread diffusely on the hands but without vesicle
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Table 1. Comparative efficacy (bacterial reduction) of test agents using various methodologies

Antiseptic Concentration % Volume Contact time Test organism

Ethanol (wipe) 30 N/A 15 s normal flora

Ethanol 54 1 handful until dry normal aerobic flora

Ethanol 54 1 handful until dry normal anaerobic flora

Ethanol 61 2-3 mL avg. 12.7 normal flora

Ethanol (foam) 62 2.5 g 30 s E coli

Ethanol 62 3 mL 360 s S marcescens

Ethanol 70 5 mL 60 s A baumannnii

Ethanol 70 5 mL 30 s S aureus

Ethanol 70 5 mL 30 s E coli

Ethanol 70 5 mL 60 s MRSA

Ethanol 70 5 mL until dry normal aerobic flora

Ethanol 70 5 mL until dry normal anaerobic flora

Ethanol 80 0.5 mL 20 s MRSA

Ethanol 85 9 mL 30 s S aureus

Ethanol 85 9 mL 30 s P aeruginosa

Ethanol 85 9 mL 30 s E coli

Isopropanol 49 5 mL 30 s E coli

Isopropanol 60 5 mL 15 s normal aerobic flora

Isopropanol 60 5 mL 15 s normal anaerobic flora

Isopropanol 60 5 mL until dry normal aerobic flora

Isopropanol 60 5 mL until dry normal anaerobic flora

Isopropanol 70 5 mL until dry normal flora

Isopropanol 70 2 mL 15 s normal aerobic flora

Isopropanol 70 2 mL 15 s normal anaerobic flora

Parachlorometaxylenol 1 3 mL 20 s S marcescens

Benzalkonium and ethanol 0.2 / 76.9-81.4 3 mL 180 s normal flora

Povidone iodine and ethanol 0.5 / 83 3 mL 45 s normal flora

Povidone iodine and ethanol 0.5 / 83 3 mL 45 s normal flora

Povidone iodine and ethanol 0.5 / 83 3 mL 180 s normal flora

Povidone iodine and ethanol 0.5 / 83 3 mL 180 s normal flora

CHG and ethanol 0.05 / 60 5 mL until dry normal aerobic flora

CHG and ethanol 0.05 / 60 5 mL until dry normal anaerobic flora

CHG and ethanol 0.05 / 95 10 mL until dry normal flora

CHG and ethanol 1 / 60 5 mL 30 s E coli

CHG and alcohol 4 / 4 1 mL 10 s C difficile

CHG and isopropanol 0.5 / 70 10 mL 180 s M roseus

CHG and isopropanol 0.3 / 70 5 mL 15 s normal aerobic flora

CHG and isopropanol 0.3 / 70 5 mL 15 s normal anaerobic flora

CHG and isopropanol 0.5 / 60 5 mL until dry normal aerobic flora

CHG and isopropanol 0.5 / 60 5 mL until dry normal anaerobic flora

CHG and isopropanol 0.5 / 70 5 mL ;15 s M roseus

CHG and isopropanol 0.5 / 70 5 mL 30 s E coli

CHG and isopropanol 0.5 / 70 N/A 30 s MRSA

CHG and isopropanol 0.5 / 70 N/A 30 s MSSA

CHG and isopropanol 4 / 4 4 mL 30 s normal aerobic flora

CHG and isopropanol 4 / 4 4 mL 30 s normal anaerobic flora

CHG and isopropanol 4 / 4 4 mL 180 s normal aerobic flora

CHG and isopropanol 4 / 4 4 mL 180 s normal anaerobic flora

CHG and isopropanol 4 / 4 5 mL 15 s normal aerobic flora

CHG and isopropanol 4 / 4 5 mL 15 s normal anaerobic flora

CHG and isopropanol 4 / 4 5 mL 30 s MRSA

Triclosan and isopropanol 0.5 / 70 5 mL 30 s E coli

Triclosan and isopropanol 0.5 / 70 10 mL 180 s M roseus

2-propanol, 1-propanol,

mecetronium etilsulfphate

45 / 30 / 0.2 ND 30 s VRE

2-propanol, chlorhexidine

digluconate, hydrogen

peroxide

0 / 0.5 / 0.45 ND 30 s VRE

2-propanol, 1-chlorhexidine

gluconate

70 / 0.5 ND 30 s VRE

Povidone-iodine 7.5 5 mL 15 s M roseus
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Study type Log reduction N Reference

Glove juice 0.008 12 Butz et al (1990)

Fingertip stamp 0.315 18 Myklebust (1985)

Fingertip stamp 0.421 18 Myklebust (1985)

Glove juice 0.39 26 Larson et al (2001)

Glove juice 2.5 12 Ayliffe et al (1988)

Glove juice 3.79 5 Paulson et al (1999)

Glass bead immersion 1.97 5 Cardoso et al (1999)

Glass bead immersion 3.67 10 Ayliffe et al (1978)

Glass bead immersion 3.4 10 Ayliffe et al (1978)

Glass bead immersion 3.51 5 Guilhermetti et al (2001)

Fingertip stamp �0.344 18 Myklebust (1985)

Fingertip stamp �0.413 18 Myklebust (1985)

Fingertip immersion 2.1 5 Huang et al (1994)

In vitro 5.27 ND Kampf et al (2002)

In vitro 5.11 ND Kampf et al (2002)

In vitro 5.31 ND Kampf et al (2002)

Glass bead immersion 3.4 10 Ayliffe et al (1988)

Glove juice 0.1 10 Larson et al (1986)

Glove juice 0.09 10 Larson et al (1986)

Fingertip stamp �0.140 18 Myklebust (1985)

Fingertip stamp �0.164 18 Myklebust (1985)

Glove juice 0.799 40 Aly and Maibach (1979)

Glove juice 0.08 10 Larson et al (1986)

Glove juice 0.068 10 Larson et al (1986)

Glove juice 2.5 5 Paulson et al (1999)

Palm stamp method 0.0123 38 Minakuchi et al (1993)

Glove juice 0.61 29 Kawana et al (1993)

Glove juice 0.64 40 Nagai et al (1993)

Palm stamp method 1.21 37 Minakuchi et al (1993)

Palm stamp method 0.89 30 Kirita et al (1993)

Fingertip stamp 1.80 18 Myklebust (1985)

Fingertip stamp 1.68 18 Myklebust (1985)

Ringer’s solution bowl 1.624 6 Lilly et al (1979)

Glass bead immersion 2.6 10 Ayliffe et al (1988)

Fingertip stamp 3.1 10 Bettin et al (1994)

Kneading fluid 2.96 30 Bartzokas et al (1987)

Glove juice 0.054 10 Larson et al (1986)

Glove juice 0.008 10 Larson et al (1986)

Fingertip stamp 3.00 18 Myklebust (1985)

Fingertip stamp 3.00 18 Myklebust (1985)

Glove juice 5.5999 25 Ulrich (1982)

Glass bead immersion 3.1 12 Ayliffe et al (1988)

In vitro 8.63 18 Kampf et al (1998)

In vitro 8.47 18 Kampf et al (1998)

Finger stamp 1.00 18 Myklebust (1985)

Finger stamp 0.71 18 Myklebust (1985)

Finger stamp 1.18 18 Myklebust (1985)

Finger stamp 0.19 18 Myklebust (1985)

Glove juice 0.073 10 Larson et al (1986)

Glove juice 0.072 10 Larson et al (1986)

Glass bead immersion 1.91 5 Guiihermetti et al (2001)

Glass bead immersion 3.1 24 Ayliffe et al (1988)

Kneading fluid 2.79 30 Bartzokas et al (1987)

In vitro $7.66 16 Kampf et al (1999)

In vitro $7.66 16 Kampf et al (1999)

In vitro $7.66 16 Kampf et al (1999)

Glove juice 4.9204 25 Ulrich (1982)
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Table 1. Continued

Antiseptic Concentration % Volume Contact time Test organism

Povidone-iodine 7.5 5 mL 30 s S aureus

Povidone-iodine 7.5 5 mL 30 s E coli

Povidone-iodine 8 0.5 mL 20 s MRSA

Povidone-iodine 10 0.25 mL 30 s MRSA

Povidone-iodine 10 5 mL 30 s MRSA

Povidone-iodine 10 5 mL 30 s A baumannnii

CHG 0.5 5 mL until dry normal flora

CHG 2 4 mL 15 s normal flora

CHG 2 N/A avg. 21.1 s normal flora

CHG (foam) 2.5 2.5 mL 15 s S aureus

CHG 4 N/A 30 s MRSA

CHG 4 N/A 30 s MSSA

CHG 4 N/A 15 s S marcescens

CHG 4 0.5 mL 20 s MRSA

CHG (foam) 4 ‘‘golf ball sized’’ 15 s normal flora

CHG (foam) 4 2.5 mL 15 s S aureus

CHG 4 3 mL 15 s normal flora

CHG 4 4 mL 15 s normal flora

CHG 4 5 mL 30 s S aureus

CHG 4 5 mL 30 s E coli

CHG 4 5 mL 30 s A baumannnii

CHG 4 5 mL 30 s E coli

CHG 4 5 mL 30 s E coli

CHG 4 5 mL 30 s P aeruginosa

CHG 4 5 mL 30 s P aeruginosa

CHG 4 5 mL 60 s S aureus

CHG 4 5 mL 140 s normal flora

CHG 4 10 mL 180 s M roseus

Chlorhexidine digluconate 0.5 N/A 30 s MRSA

Chlorhexidine digluconate 0.5 N/A 30 s MSSA

Chlorhexidine digluconate 2 N/A 30 s MRSA

Chlorhexidine digluconate 2 N/A 30 s MSSA

Chlorhexidine digluconate 4 N/A 30 s MRSA

Chlorhexidine digluconate 4 N/A 30 s MSSA

Chlorhexidine digluconate 4 2 mL 30 s S marcescens

Chlorhexidine digluconate 4 2 mL 30 s Micrococcus

Chlorhexidine digluconate 4 5 mL 30 s S marcescens

Chlorhexidine digluconate 4 5 mL 30 s Micrococcus

Triclosan 1 3 mL 15 s normal flora

Triclosan 2 5 mL 30 s E coli

Triclosan 2 10 mL 180 s M roseus

Plain soap N/A ND 30 s S aureus/P pyocyanea

Plain soap N/A 0.5 mL 20 s MRSA

Plain soap N/A 1 mL 10 s C difficile

Plain soap N/A 2 mL 30 s S marcescens

Plain soap N/A 2 mL 30 s Micrococcus

Plain soap N/A 2.5 mL 15 s S aureus

Plain soap N/A 3 mL 15 s normal flora

Plain soap N/A 3 mL 20 s S marcescens

Plain soap N/A 4 mL 15 s normal flora

Plain soap N/A 5 mL 15 s normal aerobic flora

Plain soap N/A 5 mL 15 s normal anaerobic flora

Plain soap N/A 5 mL 30 s S aureus

Plain soap N/A 5 mL 30 s E coli

Plain soap N/A 5 mL 30 s MRSA

Plain soap N/A 5 mL 30 s A baumannnii

Plain soap N/A 5 mL 140 s normal flora
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Study type Log reduction N Reference

Glass bead immersion 3.02 10 Ayliffe et al (1978)

Glass bead immersion 3.76 10 Ayliffe et al (1978)

Fingertip immersion 2.1 5 Huang et al (1994)

In vitro 4.819 ? McLure and Gordon (1992)

Glass bead immersion 3.76 5 Guilhermetti et al (2001)

Glass bead immersion 1.82 5 Cardoso et al (1999)

Glove juice 0.83 41 Aly and Maibach (1979)

Glove juice 0.0054 10 Larson and Laughon (1987)

Glove juice �0.07 24 Larson et al (2001)

Glass bead immersion 2.09 74 Ayliffe et al (1990)

In vitro 5.92 18 Kampf et al (1998)

In vitro 8.52 18 Kampf et al (1998)

Glove juice 3.85 36 Rosenberg et al (1976)

Fingertip immersion 1.55 5 Huang et al (1994)

Glove juice 0.015 10 Larson and Laughon (1987)

Glass bead immersion 2.24 74 Ayliffe et al (1990)

Glove juice 0.127 12 Butz et al (1990)

Glove juice 0.0256 10 Larson and Laughon (1987)

Glass bead immersion 2.4 11 Ayliffe et al (1978)

Glass bead immersion 2.78 8 Ayliffe et al (1978)

Glass bead immersion 1.07 5 Cardoso et al (1999)

Glass bead immersion 1.806 15 Lee et al (1988)

Glass bead immersion 1.653 15 Lee et al (1988)

Glass bead immersion 1.693 15 Lee et al (1988)

Glass bead immersion 1.72 15 Lee et al (1988)

Glass bead immersion 2.66 74 Ayliffe et al (1990)

Ringer’s solution bowl 0.867 6 Lilly et al (1979)

Kneading fluid 1.03 30 Bartzokas et al (1987)

In vitro 0.38 18 Kampf et al (1998)

In vitro 1.46 18 Kampf et al (1998)

In vitro 4.49 18 Kampf et al (1998)

In vitro 6.92 18 Kampf et al (1998)

In vitro 7.12 18 Kampf et al (1998)

In vitro 6.92 18 Kampf et al (1998)

Glass bead immersion 2.33 12 Nicoletti et al (1990)

Glass bead immersion 1.92 12 Nicoletti et al (1990)

Glass bead immersion 2.81 12 Nicoletti et al (1990)

Glass bead immersion 2.31 12 Nicoletti et al (1990)

Glove juice 0.151 12 Butz et al (1990)

Glass bead immersion 2.3 7 Ayliffe et al (1988)

Kneading fluids 1.03 30 Bartzokas et al (1987)

Ringer’s solution bowl 2.54 8 Lowbury et al (1964)

Fingertip immersion 1.41 5 Huang et al (1994)

Fingertip stamp 3.2 10 Bettin et al (1994)

Glass bead immersion 2.27 12 Nicoletti et al (1990)

Glass bead immersion 1.50 12 Nicoletti et al (1990)

Glass bead immersion 2.05 74 Ayliffe et al (1990)

Glove juice 0.289 12 Butz et al (1990)

Glove juice 2.29 5 Paulson et al (1999)

Glove juice 0.00893 10 Larson and Laughon (1987)

Glove juice 0.038 10 Larson et al (1986)

Glove juice 0.033 10 Larson et al (1986)

Glass bead immersion 2.31 10 Ayliffe et al (1978)

Glass bead immersion 2.41 10 Ayliffe et al (1978)

Glass bead immersion 1.96 5 Guilhermetti et al (2001)

Glass bead immersion 1.12 5 Cardoso et al (1999)

Ringer’s solution bowl �0.008 6 Lilly et al (1979)

CHG, Chlorhexidine gluconate; MRSA, methicillin resistant S aureus; MSSA, methicillin sensitive S aureus; VRE, vancomycin resistant enterococci; NA, not applicable;

ND, not decipherable.
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Table 2. Comparative efficacy (viral reduction) of test agents using various methodologies

Antiseptic Concentration % Volume Contact time Test organism

Ethanol 7 0.1 mL 360 s RSV

Ethanol 50 8 mL 120 s MS2

Ethanol 50 8 mL 120 s Poliovirus

Ethanol (pH = 11.5) 50 3 mL 110 s MS2

Ethanol 60 1 mL 20 s Adenovirus

Ethanol 60 1 mL 20 s Rhinovirus

Ethanol 60 1 mL 20 s Rotavirus

Ethanol 70 20 uL 60 s MS2

Ethanol 70 5 mL 30 s MS2

Ethanol 70 5 mL 60 s Rotavirus

Ethanol 70 8 mL 120 s MS2

Ethanol 70 8 mL 120 s Poliovirus

Ethanol 80 ND 60 s Poliovirus

Ethanol 80 5 mL 30 s Poliovirus Sabin 1 an

Ethanol 80 5 mL 180 s Poliovirus

Ethanol 85 9 mL 30 s Rotavirus

Ethanol 85 9 mL 120 s Adenovirus

Ethanol 85 9 mL 180 s Poliovirus

Ethanol 90 ND 60 s Poliovirus

Ethanol 90 5 mL 30 s K1-K5

isopropanol 70 20 uL 60 s MS2

isopropanol 70 8 mL 120 s MS2

N-propanol 70 8 mL 120 s MS2

Propan 2-ol 70 5 mL 60 s Rotavirus

CHG and isopropanol 0.004/0.004 0.1 mL 360 s RSV

CHG and isopropanol 0.5/70 20 uL 60 s MS2

Ethanol and isopropanol and methylphenol 93.3/10/0.1 2.8 mL 600 s Adenovirus 5

Ethanol and isopropanol and methylphenol 93.3/10/0.1 2.8 mL 600 s Poliovirus 1

Ethanol and isopropanol and methylphenol 93.3/10/0.1 2.8 mL 600 s Poliovirus 2

Ethanol and isopropanol and methylphenol 93.3/10/0.1 2.8 mL 600 s Coxsackie B3

Ethanol and isopropanol and methylphenol 93.3/10/0.1 2.8 mL 600 s Coxsackie B4

Ethanol and isopropanol and methylphenol 93.3/10/0.1 2.8 mL 600 s Echovirus 9 Hill

Ethanol and isopropanol and methylphenol 93.3/10/0.1 2.8 mL 600 s Echovirus 9 Barty

Ethanol and isopropanol and methylphenol 93.3/10/0.1 2.8 mL 600 s Simian Virus 40

Ethanol and isopropanol and methylphenol 93.3/10/0.1 2.8 mL 600 s Vaccinia MVA

Ethanol and isopropanol and methylphenol 93.3/10/0.1 2.8 mL 600 s Influenza A/WSN

Ethanol and isopropanol and methylphenol 93.3/10/0.1 2.8 mL 600 s Fowl plague virus

Povidone iodine 7.5 0.1 mL 360 s RSV

Povidone iodine 7.5 5 mL 30 s MS2

Povidone iodine 7.5 5 mL 30 s K1-K5

Povidone iodine 7.5 5 mL 30 s Rotavirus

Povidone iodine 10 20 uL 60 s MS2

CHG 0.08 0.9 mL 7200 s Coxsackie virus

CHG 0.08 0.9 mL 7200 s Echovirus

CHG 0.08 0.9 mL 7200 s Poliovirus

CHG 4 20 uL 60 s MS2

Chlorhexidine digluconate 4 5 mL 30 s Rotavirus

Triclosan 2 5 mL 30 s Rotavirus

Plain soap N/A 3 mL 30 s Rotavirus

Plain soap N/A 3 mL 30 s Poliovirus 1

Plain soap N/A 5 mL 30 s MS2

Plain soap N/A 5 mL 30 s K1-K5

Plain soap N/A 5 mL 30 s Poliovirus Sabin 1an

CHG, Chlorhexidine gluconate; MRSA, methicillin resistant S aureus; MSSA, methicillin sensitive S aureus; VRE, vancomycin resistant enterococci; NA, not applicable;

ND, not decipherable.

*Graphical extrapolation.
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Study type Log reduction N Reference

in vitro 1 2 Krilov and Harkness (1993)

in vitro 0.13 4 Jones et al (1991)

in vitro 0.10 4 Jones et al (1991)

Glass bead immersion 2.1 10 Jones et al (1991)

Figerpad method 4.6 12 Sattar et al (2000)

Fingerpad method 2.4 12 Sattar et al (2000)

Fingerpad method 4.5 12 Sattar et al (2000)

Fingerpad method ;0.5* 4 Woolwine and Geberding (1995)

Glass bead immersion 1.09 7 Davies et al (1993)

Glass bead immersion 2.853 9 Bellamy et al (1993)

In vitro 0.70 4 Jones et al (1991)

In vitro 0.60 4 Jones et al (1991)

In vitro 1.21 3 Eggers (1989)

Glass bead immersion 0.42 4 Davies et al (1993)

PBS immersion 0.56 3 Eggers (1989)

In vitro 5.25 ND Kampf et al (2002)

In vitro 6.62 ND Kampf et al (2002)

In vitro 4.37 ND Kampf et al (2002)

In vitro 5.12 3 Eggers (1989)

Glass bead immersion 2.33 4 Davies et al (1993)

Fingerpad method ;0.2* 4 Woolwine and Geberding (1995)

In vitro 0.41 4 Jones et al (1991)

In vitro 0.00 4 Jones et al (1991)

Glass bead immersion 3.145 9 Bellamy et al (1993)

In vitro 1 2 Krilov and Harkness (1993)

Fingerpad method ;0.3* 4 Woolwine and Geberding (1995)

PBS immersion 2.1* 1 Schurmann and Eggers (1983)

PBS immersion 1.0* 1 Schurmann and Eggers (1983)

PBS immersion 0.2* 1 Schurmann and Eggers (1983)

PBS immersion 1.1* 1 Schurmann and Eggers (1983)

PBS immersion 1.8* 1 Schurmann and Eggers (1983)

PBS immersion 0.7* 1 Schurmann and Eggers (1983)

PBS immersion 1.3* 1 Schurmann and Eggers (1983)

PBS immersion 0.9* 1 Schurmann and Eggers (1983)

PBS immersion [1.4* 1 Schurmann and Eggers (1983)

PBS immersion [2.5* 1 Schurmann and Eggers (1983)

PBS immersion [2.5* 1 Schurmann and Eggers (1983)

In vitro 1 2 Krilov and Harkness (1993)

Glass bead immersion 2.8 7 Davies et al. (1993)

Glass bead immersion 2.06 2 Davies et al (1993)

Glass bead immersion 1.284 9 Bellamy et al (1993)

Fingerpad method 0.6* 4 Woolwine and Geberding (1995)

In vitro 0.001 1 Narang and Codd (1983)

In vitro 0.02 1 Narang and Codd (1983)

In vitro 0.001 1 Narang and Codd (1983)

Fingerpad method 0* 4 Woolwine and Geberding (1995)

Glass bead immersion 0.459 18 Bellamy et al (1993)

Glass bead immersion 2.125 9 Bellamy et al (1993)

Glass bead immersion 1.172 18 Bellamy et al (1993)

PBS immersion 1.9 3 Schurmann and Eggers (1985)

Glass bead immersion 2.29 6 Davies et al (1993)

Glass bead immersion 1.26 6 Davies et al (1993)

Glass bead immersion 2.1 4 Davies et al (1993)
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formation. In some cases, diffuse erythema was
observed. In all cases the skin irritation was mild, did
not require specific therapy, and was transient.
Volunteers who developed skin irritation had a higher
frequency of developing irritation on further chal-
lenges, and subsequent irritation tended to develop
more papules and with an earlier time course.
Contamination. Although alcohol-based handrub
agents are considered to be more effective for use on
dry hands, increasing the drying time of the contam-
inating organisms on the hands was found to have no
significant (P > .05) impact on the efficacy of the 62%
ethyl alcohol handrub (Fig 1). In addition, the inclusion
of 2microorganisms in the same inoculum appeared to
have little, if any, effect on the titers of the organisms (S
marcescens, control titer 9.403108 CFU/mL, experi-
mental titer 1.103109 CFU/mL; MS2 bacteriophage,
control titer 2.183108 PFU/mL, experimental titer
3.433108 PFU/mL).
Hand hygiene. The experiments with the variation of
exposure time and volume of the 62% ethyl alcohol
handrub demonstrated that the volume of agent used
clearly affected the efficacy of hand hygiene with 7

Table 3. Potential factors that could alter the efficacy of
hand hygiene agents measured experimentally

Test methodology: volunteer variables

Skin condition of test volunteer

Hand size

Hand dominance

Fingernail length

Presence of fingernail polish

Presence of artificial fingernails

Hand jewelry (eg, rings)

Test methodology: contamination

Experimental contamination versus normal flora

Experimentally inoculated test microorganism

Level of contamination

Method of contamination (dry versus rub)

Duration of contamination (drying or rubbing)

Extent of application of test microorganism (ie, whole hand

versus fingertips)

Test methodology: hand hygiene

Concentration of active ingredient

Method of application

Volume of hand hygiene agent used

Hand hygiene application time

Extent of application of hand hygiene agent (ie, whole hand

versus fingertips)

Washing schedule

Test methodology: recovery

Method of test organism recovery

Determination of efficacy using an in vitro method versus an in vivo

method (ie, human challenge)

Method of drying after hand hygiene (ie, use of paper towels

versus air dry)

Calculation of log reduction (ie, comparison to baseline

versus comparison to reference agent)
grams statistically superior at all washes except wash
10 (Fig 2). Second, the effect of exposure time on
efficacy was somewhat variable, but rubbing until dry
was more effective at 4 of the 5 washes (Fig 3). Third,
combining 3 grams of agent with a 10-second appli-
cation time was significantly less effective (P\.001)
than using 7 grams of the agent and rubbing until dry
(Fig 4). Finally, Table 6 shows the percentage of log
reduction of S marcescens because of physical removal
and because of chemical inactivation with the anti-
microbial handwash agents. The chemical inactiva-
tion achieved by the active ingredients was variable
(0%-45% total log10 reduction), and physical removal
contributed greatly to the efficacy measurement
achieved with each handwash agent.
Recovery. The glove juice recovery method was
efficient at recovery of S marcescens (88%) and MS2
(86%). The level of recovery was similar for the glove
juice method and sterile glass flasks for both S
marcescens (;0.1 - log10 difference) and MS2 (;0.02 -
log10 difference). Also, the presence of protein on the
hands did not interfere with inactivation or removal of
microbes by the tested hand hygiene agents (Table 7).

DISCUSSION

Hand hygiene is considered a key ingredient in the
prevention and control of health care-associated
infections.1 In recent years, there has been renewed
emphasis on methods of improving compliance such
as use of more accessible alcohol-based handrubs and
hand wipes. In addition, in the hospital there has been
an increasing use of antiseptic agents as compared
with soap and water. Determining the efficacy of
various hand hygiene agents is critical for developing
public health policy and for providing guidance to
individual institutions as they choose among the
available hand hygiene agents. Unfortunately, the use

Table 4. Test variables examined for effect on efficacy
results

Test methodology: volunteer variables

Hand volume

Hand dominance

Frequency and severity of skin irritation following study participation

Test methodology: contamination

Length of drying time for test organisms on hands

Inclusion of multiple test organisms

Test methodology: hand hygiene

Test agent volume

Duration of hand hygiene application

Method of use (ie, handwash, handrub, hand wipe)

Test methodology: recovery

Method of recovering organisms from hands

Sampling solution composition

Protein content of solutions applied to the hands
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of differing methodologies and the failure to test
multiple agents in the same study makes comparisons
of different agents difficult, if not impossible. We have
reviewed the literature of human challenge trials and in
vitro suspension tests, and we have experimentally
evaluated several parameters within a standard hand
hygiene methodology in order to assess what variables
may affect the efficacy measurements of hand hygiene
agents.

Our review of the literature (Tables 1-2) suggests that
the experimental contamination versus normal flora,
concentration of active ingredient, volume of agent,
application time, and human challenge versus in vitro
study type are important variables that affect the
reported efficacy of hand hygiene agents (Table 8). In
general, increased concentrations of the active in-
gredient, increased volumes of the agent used, and
increased application time of hand hygiene agent tend
to show improved efficacy. Hand hygiene efficacy
studies that measure the reductions of transient
microorganisms applied to the hands, rather than of
normal hand microflora, also appear to be associated
with increased efficacy measurements. In vitro sus-
pension tests tend to produce higher log reduction
measurements than any of the test methods used in the
human challenge trials (ie, glove juice, glass bead
immersion, Ringer’s solution bowl, palm stamp, finger-
pad method). In this brief review, it is impossible to
fully discuss and compare individual studies and each
variable demonstrated to affect hand hygiene efficacy.

In addition to examining differences among com-
parative studies, several other studies in the published
literature have examined directly the effects of other

Table 5. Relationship between test agent and skin irrigation

Active ingredient (N = 10) Wash type % Irritation

60% EtOH Handrub 40

61% EtOH Handrub 40

62% EtOH Handrub 44

61% EtOH/1% CHG Handrub 0

70% EtOH/0.5% silver Handrub 20

0.5% PCMX/40% SD alcohol Wipe 20

0.4% benzalkonium chloride Wipe 60

0.75% CHG Handwash 60

2% CHG Handwash 0

4% CHG Handwash 0

1% triclosan Handwash 0

0.2% benzethonium chloride Handwash 33

Nonantimicrobial control Handwash 40

Overall handrub

(N = 50)

31

Overall Wipe

(N = 20)

40

Overall Handwash

(N = 60)

23

CHG, Chlorhexidine gluconate; EtOH, ethyl alcohol; PCMX, para-chloro-meta-xylenol;

SD, standard denatured.
variables in the test methodology on the reported
efficacy measurements. Based on these published
studies, the following variables have been identified
to significantly affect hand hygiene efficacy measure-
ments: hand jewelry, technique for application of test
organisms, and test agent volume (Table 8). Test
subjects who wore rings on hands have been demon-
strated to have increased levels of microorganisms on
the hands.50,51 In experimental contamination of the
hands, the test organism was applied by either an
immersion or rubbing technique; the removal of
microorganisms has been reported to be significantly
greater with the immersion technique rather than the
rubbing technique.52,53 An experimental study that
tested the effects of varying volumes of agents (1 mL
and 3 mL) after multiple washes verified that the
quantity of soap is another important variable in hand
hygiene methodologies.54

These published experiments also identified the
following variables as having no significant effect on
the efficacy measurements of hand hygiene agents:
soap pH, method of drying after hand hygiene, use of
neutralizing ingredients, temperature of the sampling
solution, and fingertip recovery techniques (Table 8).
Soap pH was not found to have a significant effect on
the efficacy measurements over short periods of time
(ie, \3 hours).55 After hand hygiene, various drying
procedures including use of a cloth towel, paper towel,
warm air dryer, and air evaporation were evaluated in
their ability to affect the efficacy results; no significant
differences among any of the groups were found.56 The
necessity of incorporating neutralizing ingredients in
the sampling solution has been demonstrated, and the
inclusion of these ingredients did not appear to have
any adverse effect on the activity of the hand hygiene
agent because of neutralization residue on the
hands.57,58 Temperature differences (6 oC or 23 oC)

Fig 1. The effect of drying time after contamination
on log reductions of S marcescenswith the use of 61%

ethyl alcohol (bars represent 95% confidence
intervals).
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of the sampling solution did not show any consistent
effect on efficacy results.58 Two different recovery
techniques, fingertip immersion in petri dish fluid and
fingertip glass bead technique, were examined in their
effect on the measured efficacy of selected agents;
these recovery methods alone showed no effect on the
measurement of efficacy.53

Our data demonstrated that the following variables
had a significant effect on efficacy: method of use of
hand hygiene agent, duration of hand hygiene appli-
cation, and test agent volume (Table 8). The efficacy
measurements for hand hygiene wash agents showed
that bacterial reduction was attributed to both physical
removal and chemical inactivation; for hand hygiene
alcohol-based handrub agents, efficacy measurements
are attributed solely to chemical inactivation. Although
both the application time and volume of test agent
affected the efficacy results, the combination of these 2
variables (ie, 3 g of agent used for 10 s versus 7 g of

Fig 2. The effect of volume of 62% ethyl alcohol on
log reduction of S marcescens (bars represent 95%

confidence intervals).

Fig 3. The effect of duration of handrubbing with
62% ethyl alcohol on the log reduction of

S marcescens (bars represent 95% confidence
intervals).
agent used until dry) produced a more drastic effect
(P\.001). These 2 variables are so often modified in
hand hygiene efficacy studies that it is crucial to
examine them both, in addition to any reported
efficacy measurement. Ideally, these parameters
should be set to mimic realistic conditions; in this
case, 7 g of test agent could not be rubbed into the hand
in a reasonable amount of time (up to 12 min) available
between patient care events.

Our data demonstrated that the following variables
did not have a significant effect: hand volume, hand
dominance, inclusion of multiple test microorganisms,
length of drying time for test microorganisms on
hands, and method of recovering organisms from
hands (Table 8). Because no effects were observed,
hand volume does not need to be considered in
performing efficacy studies of hand hygiene agents.
In addition, hand hygiene studies can be conducted
more efficiently by making reduction measurements
on both hands and including multiple test micro-
organisms. When including more than 1 test microor-
ganism, a simple compatibility experiment such as that
described earlier could be used to validate the use of

Fig 4. The effect of volume of 62% ethyl alcohol and
duration of hand rubbing on log reduction of
S marcescens (bars represent 95% confidence

intervals).

Table 6. Percentage of log reductions of S marcescens
attributable to physical removal and chemical inactivation

Active

Ingredient(s)

(N = 10)

% log reduction

because of

physical

removal

% log reduction

because of

chemical

inactivation

0.75% CHG 66 34

2% CHG 55 45

4% CHG 64 36

1% triclosan 80 20

0.2% benzethonium chloride 100 0

CHG, Chlorhexidine gluconate; EtOH, ethyl alcohol; PCMX, para-chloro-meta-xylenol;

SD, standard denatured.
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these multiple microorganisms in the same inoculum.
Including multiple organisms allows one to efficiently
test efficacy on surrogates of different types of patho-
gens; it also enhances comparisons among multiple
hand hygiene agents. Although the length of air-drying
time after microbial contamination in the ASTM E 1174
methodology had been specified as 60 seconds, the
volunteers’ hands were not completely dry after this
time. Because the efficacy of alcohol-based handrubs
can be affected when used on wet hands, we modified
the standard 60-second air dry to drying with a cool
hair dryer until the volunteers felt their hands were dry.
Our data did not demonstrate that wet hands adversely
affected the efficacy results; therefore, the ASTM E
1174 method suggested drying time is likely appropri-
ate even for testing the efficacy of waterless handrub
agents. When holding all other variables constant, the
method of recovery either by glove juice or in vitro
suspension did not produce any significant differences.
However, other differences inherent to the study
methodology can lead to significant differences in
measurement of efficacy using the human challenge
and in vitro study methodologies.

Future studies on additional variables should lead to
improved understanding of efficacy results. Volunteer
hand properties and effects that have not been well
described include fingernail length, presence of fin-
gernail polish, and presence of artificial fingernails.
Variations in the extent of contamination and extent of
hand hygiene on the hands (ie, fingertips or entire
hand) have not been previously studied. In addition,
hand hygiene episodes vary from instructing volun-
teers to follow a structured method to encouraging
volunteers to affect their usual manner. Differences in
efficacy measurements made with various human
challenge recovery techniques (ie, glove juice, glass

Table 7. Log reduction (95% confidence interval)
of S marcescens with and without proteinaceous material
applied to the hands using 2 hand hygiene agents

With

proteinaceous

material

(N = 10)

Without

proteinaceous

material

(N = 6) P value

Nonantimicrobial soap

Wash 1 1.87 (1.64-2.10) 1.39 (1.18-1.61) .01

Wash 3 1.73 (1.50-1.96) 1.28 (1.15-1.43) .02

Wash 5 1.66 (1.40-1.91) 1.25 (1.00-1.49) .05

Wash 7 1.56 (1.30-1.83) 1.25 (1.04-1.46) .13

Wash 10 1.60 (1.37-1.84) 1.18 (0.99-1.37) .02

61% Ethyl alcohol

Wash 1 1.55 (1.09-2.00) 1.07 (0.53-1.61) .22

Wash 3 1.55 (1.05-2.03) 0.91 (0.56-1.26) .09

Wash 5 1.54 (1.17-1.92) 0.54 (0.35-0.73) .002

Wash 7 1.39 (0.86-1.91) 0.52 (0.32-0.72) .03

Wash 10 1.35 (0.89-1.80) 0.18 (�0.06-0.43) .003
bead immersion, Ringer’s solution bowl, palm stamp,
fingerpad method) are also undefined. Currently, no
standard method of reporting efficacy results exists.
Investigators have reported test agent efficacy meas-
urements as a reduction from a baseline level of
organisms recovered from the hand, a reduction from
the quantitative amount of organisms applied to the
hand, or the level of microorganisms remaining on the
hands as compared with level of microorganisms
remaining on the hands after use of a reference
product. We support the method used in ASTM E
1174, which is reporting reduction of microorganisms
from the hand compared with a baseline level of
microorganisms from the hand.

From our own experiments, additional research is
warranted to fully understand the effect of a variable on
efficacy measurements (Table 8). For example, al-
though the presence of protein on the hands was not
shown to adversely affect the efficacymeasurements of
an alcohol-based handrub, results showed significantly
increased efficacy when proteinaceous solutions were

Table 8. Effects of test variables on measured efficacy
of hand hygiene agents based on review of the literature
and current experiments

Alters efficacy

Hand jewelry

Experimental contamination versus normal flora

Method of application of test organism

Hand hygiene agent

Concentration of active ingredient

Volume of hand hygiene agent*

Duration of application of hand hygiene agent*

Method of application of hand hygiene agent*

Study method (human challenge trial versus in vitro suspension test)

No effect on efficacy

Hand dominance*

Hand volume*

Use of multiple microorganism*

Duration of contamination drying time*

Soap pH

Recovery method*

Temperature of sampling solution

Use of neutralizing ingredients

Method of drying after hand hygiene

Effect on efficacy unknown/unclear

Fingernail length

Presence of fingernail polish

Presence of artificial fingernails

Extent of application of test microorganism (ie, whole hand

versus fingertips)

Extent of application of hand hygiene agent (ie, whole hand

versus fingertips)

Presence of protein on hands*

Study method of human challenge trials (ie, glove juice, glass

bead immersion, Ringer’s solution bowl, palm stamp,

fingerpad method)

*Our experiments.
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applied to the hands. These results are somewhat
surprising because protein is well-known to impair the
efficacy of germicides. These results warrant further
investigation and explanation before concluding that
proteinaceous material has a positive effect on efficacy
measurements. In addition, the presence of skin irri-
tation after study participation has never been re-
ported, and further studies are required to determine
the cause of this reaction. We agree with the ASTM
recommendation that volunteers should be pre-
screened and excluded if they have a prior skin
condition and would add the requirement that a phy-
sician evaluate volunteers after participation in the
study to assess frequency and severity of skin irritation.

Medical science needs a standardized hand hygiene
efficacy methodology with regard to variables known
to affect results. Although the ASTM E 1174 standard
methodology is currently available, many variations of
it are used. For example, the Food and Drug Adminis-
tration based its tentative final monograph for over-
the-counter health care antiseptic drug products on the
ASTM E 1174 method with some modifications that
have been shown experimentally to affect efficacy
measurements.59 Parameters requiring standardization
include properties of the test volunteers’ hands (ie,
hand jewelry, fingernail polish, fingernail length,
artificial fingernails), method and extent of application
of test microorganisms, volume of hand hygiene agent
used, and duration of application of hand hygiene
agent. Furthermore, these parameters should be
standardized to mimic realistic conditions to produce
the most meaningful efficacy measurements for setting
public health policies and choosing appropriate hand
hygiene agents for use in health care institutions.

CONCLUSION

Although many methodological variables affect
efficacy results, infection control professionals in their
analyses of product information should always assess
the results in light of the following key variables:
concentration and type of active ingredient, duration of
exposure to hand hygiene agent, volume of hand
hygiene agent applied, test organism, and studymethod
(ie, human challenge vs in vitro suspension test).
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