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Preface to the Handbook

Natural toxins are unique toxins which possess some common properties, whether they are obtained from plants, microorganisms, or animals. One common characteristic is that they exert a pronounced effect on the metabolism and biological functions of the intoxicated animals with just a minute quantity. Since ancient times human beings have pondered the physiological effects of various toxins and venoms. How do these natural poisons work? Despite possessing some common nature, each toxin, however, has its unique mode of action and its own characteristic structure.

Drugs are compounds that have specific beneficial effects with a minute quantity. Usually, natural toxins also have very specific effects. Therefore, it is not surprising that many natural toxins are potentially good drugs.

Heretofore, the study of each field of toxins has been taking an independent pathway. Scientists in a specific toxin field are often unaware of the activity in other toxin fields. It is thus desirable to have a primary source of information on all natural toxins so that scientists in a specific discipline of toxin research can easily obtain useful information from other toxin researchers.

This handbook of toxins includes the following volumes:



1.Plant and Fungal Toxins



2.Insect Poisons, Allergens, and Other Invertebrate Venoms



3.Marine Toxins and Venoms



4.Bacterial Toxins



5.Reptile Venoms and Toxins



6.Toxicology of Plant and Fungal Compounds



7.Food Poisoning




The editor expresses sincere thanks to Maurits Dekker for initiating this project.


Anthony T. Tu






Preface to Volume 7

Since I started the first volume of Handbook of Natural Toxins with Dr. Richard F. Keeler on Plant and Fungal Toxins in 1979, there has been considerable progress in this series. Volume 2, Insect Poisons, Allergens, and Other Invertebrate Venoms, was published in 1984. Both Volume 3, Marine Toxins and Venoms, and Volume 4, Bacterial Toxins, were published in 1988. The most recent publications were Volumes 5 and 6, Reptile Venoms and Toxins and Toxicology of Plant and Fungal Compounds; both appeared in 1991.

Volume 7 deals with food poisoning. Food is obtained from many sources, hence poisoning associated with food also originates from many sources. In this volume, the first chapter, written by distinguished food scientist Dr. Frank L. Bryan, summarizes the serious problem of food poisoning from a public health viewpoint. Other chapters were subdivided according to the sources of poisoning, such as bacteria, plant, and fungus. This division is not absolute but rather for convenience. Allergic reaction is a different phenomenon from ordinary food poisoning; it is, therefore, treated separately in Part IV. Part V comprises two chapters related to seafood. The other parts cover special topics.

With the addition of Volume 7, Food Poisoning, the Handbook of Natural Toxins series has become a much more complete set, covering a wider range of topics.

It is my hope that this volume will be a useful reference book for food scientists as well as for practical use by persons dealing with food manufacturing and processing. Further, it is hoped that it will be useful to anyone concerned with the quality of food, as everyone has to take food as part of one’s daily activities.


Anthony T. Tu
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I. INTRODUCTION

Foodborne diseases are syndromes that are acquired as a result of ingesting foods that contain either an infectious or a toxigenic microorganism or a poisonous substance. For convenience they are classified into three categories. These are (1) infections, (2) toxin-mediated infections, and (3) poisonings or intoxications. The infections occur when microorganisms (e.g., pathogenic bacteria, viruses, parasites) invade and multiply in the intestinal mucosa or other tissues. The toxin-mediated infections are caused by certain pathogenic bacteria that produce enterotoxins (substances that affect water, glucose, and electrolyte transfer) during their colonization and growth in the intestine tract. The poisonings or intoxications follow ingestion of either poisonous chemicals, radionuclides, or toxins produced by microorganisms (e.g., marine plankton, bacteria). Hence, food poisoning is a misnomer, because illnesses result from mechanisms other than poisonings. The term, however, is often used in a general way to refer to illness resulting from the ingestion of foods or otherwise foodborne diseases.

This chapter introduces the foodborne disease problem by giving examples of the status of foodborne diseases in the United States. It also describes means by which these diseases can be prevented and controlled. The following chapters describe specific foodborne diseases and the measures for their control in more detail.




II. STATUS OF FOODBORNE DISEASES

Foodborne diseases are a continuing and nagging problem in all countries. Reports of foodborne diseases in the developed countries where surveillance is practiced are usually sporadic and quite incomplete. Yet, the sparse data suggests that the problem causes considerable morbidity and economic consequences. In developing countries, a significant proportion of deaths and illnesses attributed to gastroenteritis are foodborne, but the specific amount is unknown because of lack of investigations and surveillance records.

A foodborne disease outbreak is defined (with exceptions) as an incident in which two or more persons experience a similar illness, usually gastrointestinal, after ingestion of a common food, and epidemiological analysis indicates that food is the source of the etiological agents. The exceptions are a single case of botulism, a plant or chemical poisoning where ingestion is the mode of transmission, or any situation where ingestion of a food invariably leads to illness. A case is a person who shows signs or feels symptoms as a result of eating a contaminated food.


A. Incidence

Table 1 illustrates trends of annual reported outbreaks and cases of foodborne diseases over a period of 50 years. These indicate that there is no decline in the reported incidence despite improvements in sanitation, physical facilities where foods are processed and prepared, standards of living, and education of the populace. From 400 to 600 outbreaks of usually between 10,000 and 30,000 cases are reported annually. Large decreases in the reported number of outbreaks usually indicate a change in responsibility for foodborne disease surveillance or a gap in summarizing the data and a corresponding loss of reporting by state health agencies. Major changes are noted by footnotes. Variation in annual reported cases relate to whether large outbreaks were detected.


Table 1 Foodborne Outbreaks and Cases Reported in the United States, 1938–1987

[image: table]
Source: Based on Bryan, 1972, adjusted through 1970; updated with surveillance reports from the CDC without adjustments.



It does not take much experience with surveillance of foodborne diseases to realize that the reports are woefully inadequate. Some of the reasons are that some persons have gastroenteritis and never realize that food was the vehicle (“It’s the flu or something.”) and others suffer their syndrome without seeking medical attention or complaining to health authorities. They may not, however, return to the place or eat the same type of food they feel made them ill for a long time. Physicians often do not seek causes of illness, but just treat the patient for their discomfort. Laboratories may use the wrong tests or fail to recover pathogens when specimens are submitted. When local health departments are alerted, an investigation may not be made, or only a superficial one may be done. If an investigation is made, the investigative data may be kept on file and not submitted through the surveillance channels. States may not forward all of the reports that are received. Distribution of reported data show that some cities and states do not submit reports frequently. It is usually a lack of priority for foodborne diseases rather than the absence of incidents of foodborne disease that accounts for this problem. To compensate for this state of affairs, various scientists who have an interest in disease surveillance have made estimates of the incidence of foodborne disease (Hauschild and Bryan, 1980; Archer and Kvenberg, 1985; Bennett et al., 1987). These estimates put the number of cases in the millions rather than the tens of thousands. Each estimator made assumptions to compensate for incomplete data.

Table 2 gives a breakdown of outbreaks by disease etiology that occurred in the United States from 1973 to 1987. These data show that bacterial foodborne diseases are of prime importance. Viral foodborne diseases are emerging in importance, while trichinosis is declining. Salmonellosis, staphylococcal food poisoning, Clostridium perfringens enteritis, botulism, ciguatera, histamine (scombroid) poisoning, hepatitis A, and shigellosis were frequently responsible for outbreaks of foodborne diseases. Cases were often associated with outbreaks of salmonellosis, staphylococcal food poisoning, C. perfringens enteritis, shigellosis, and Norwalk-like gastroenteritis. The diseases of unknown etiology appear to have been caused by many of the same agents that are commonly reported. The incubation-period data (Table 3) suggest that Bacillus cereus, C. perfringens, staphylococcal enterotoxin, enteric bacteria, and Norwalk-like viruses may be even more common etiological agents than reports indicate.

Deaths directly attributed to foodborne diseases are not common, but they do occur. Table 4 shows that botulism and listeriosis have high case fatality rates.




B. Place of Mishandling

Although data on place of mishandling have not been kept for the past decade, previous information showed that the place where foods were mishandled or mistreated was usually food service establishments (Table 5). Since that time, there has probably been little change. It is obvious from individual reports that food service establishments are often involved. One reason for eliminating this information from summary reports is that there may be multiple points of mishandling and mistreatment. For example, a turkey may be (1) inadequately cooked, (2) subjected to cross-contamination from the raw product by contact with equipment (e.g., a cutting board) used for both raw and cooked items, and (3) left at room temperature for several hours in a restaurant. Salmonellae, however, were on the product initially and either survived the cooking or the source of the cross-contamination. Hence, producers and processors are responsible for initial contamination and perhaps increase of the contaminants. Furthermore, some very large-scale outbreaks have been associated with processed foods. For example, pasteurized milk contaminated by raw milk was responsible for 16,000 confirmed and an estimated 200,000 cases of salmonellosis (Linnan et al., 1988). Nearly 150 cases and 47 deaths due to listeriosis resulted from ingestion of Mexican-style cheese (Ryan et al., 1987). Additional abuse may occur in the hands of the final preparer. There are also reporting biases for this sort of data. Outbreaks that stem from mishandling in homes are not as likely to be reported as those that result from eating in food service establishments. It is rather difficult to identify outbreaks from processed foods because people eat processed foods at different times and places. Hence, getting reports at one place for analysis and making epidemiological associations becomes more difficult.


Table 2 Foodborne Disease and Cases of Known Etiology, United States, 1973–1987











	Etiological agent

	Number

	Percent




	Outbreaks

	Cases

	Outbreaks

	Cases




	Bacteria

	
	
	
	



	 Salmonella

	  790

	  55,864

	28

	45




	 Staphylococcus aureus

	  367

	  17,248

	13

	14




	 Clostridium botulinum

	  231

	    494

	 8

	<1




	 Histamine (scombroid)

	  202

	   1,216

	 7

	 1




	 Clostridium perfringens

	  190

	  12,234

	 7

	10




	 Shigella

	  104

	  14,399

	 4

	12




	 Bacillus cereus

	   58

	  1,123

	 2

	 1




	 Campylobacter

	   53

	  1,549

	 2

	 1




	 Vibrio parahaemolyticus

	   23

	    535

	 1

	<1




	 Streptococcus, group A

	   12

	   1,917

	<1

	 2




	 Escherichia coli

	   10

	   1,187

	<1

	 1




	 Streptococcus, other groups

	    7

	    248

	<1

	<1




	 Vibrio cholerae

	    6

	    916

	<1

	 1




	 Yersinia enterocolitica

	    5

	    767

	<1

	 1




	 Brucella

	    4

	     43

	<1

	<1




	 Vibrio cholerae, non-O1

	    2

	     11

	<1

	<1




	 Other bacteria (including Listeria monocytogenes)

	    7

	    373

	<1

	<1




	  Total bacteria

	 2,071

	109,952

	73

	88




	Viruses

	
	
	
	



	 Hepatitis A virus

	  110

	  3,133

	 4

	 3




	 Norwalk virus

	    15

	  6,474

	 1

	 5




	 Other viruses

	    10

	  1,023

	<1

	 1




	  Total viruses

	   135

	 10,630

	 5

	 9




	Parasites

	
	
	
	



	 Trichinella spiralis

	   128

	   843

	 5

	<1




	 Giardia

	     5

	   131

	<1

	<1




	 Other parasites

	     7

	   30

	<1

	<1




	  Total parasites

	  140

	  1,004

	 5

	 1




	Algae and Marine Plankton

	
	
	
	



	 Ciguatoxin

	  234

	  1,052

	 8

	 1




	 Paralytic shellfish poison

	    21

	    160

	 1

	<1




	  Total algae/plankton

	  255

	  1,212

	 9

	 1




	Toxic plants

	
	
	
	



	 Mushrooms

	    61

	    169

	 2

	 1




	Chemicals

	
	
	
	



	 Heavy metals

	    46

	    752

	 2

	 1




	 Monosodium glutamate

	    18

	     58

	 1

	<1




	  Total chemicals

	   64

	    810

	 3

	 1




	Other toxicants (plants and chemicals)

	  115

	    1,046

	 4

	 1




	Total

	2,841

	 124,994

	100 

	100 






Source: Adapted from Bean and Griffin, 1991.




Table 3 Distribution of Median Incubation Periods for Foodborne Disease Outbreaks of Unknown Etiology, United States, 1973–1987










	Incubation periods

	Outbreaks

	Percent vomitinga

	Possible agents




	<1 hour

	  159

	 81

	Chemical poisonings B. cereus




	1–7 hours

	 1632

	 63

	S. aureus, B. cereus




	8–14 hours

	 1042

	 39

	C. perfringens, B. cereus




	15–23 hours

	  223

	 36

	Salmonella, Shigella, E. coli, Yersinia, Campylobacter




	24–47 hours

	 900

	 50

	As above, Norwalk virus




	48–95 hours

	   61

	 33

	Bacterial infections, Viral infections




	≥96 hours

	   11

	 25

	As above




	Unknown

	  589

	 54

	Unknown, but probably many of the above




	Total

	 4617

	
	





aPercentage of outbreaks in which 50% or more persons reported vomiting.

Source: Adapted from Bean and Griffin, 1991.






C. Implicated Foods

Throughout the years certain foods have been important vehicles of foodborne disease surveillance. In the 1940s and 1950s, cream-filled pastries were the most commonly identified vehicle (Bryan, 1976). In the mid-1960s to mid-1970s, roast beef, turkey, and ham became the three most commonly reported vehicles (Bryan, 1975, 1980). From 1977 to 1984 (Table 6), fin fish, roast beef, pork (mostly ham), salads (including potato, chicken, macaroni, turkey, tuna, egg), shellfish (e.g., clams and oysters), turkey, chicken, Chinese foods (mostly fried rice), vegetables, Mexican-style foods (includes ground and shredded meats and beans), raw milk, and cheeses were the major vehicles (Bryan, 1988a). The fish category is high because many single-case and few-case outbreaks of ciguatera and outbreaks of scombroid poisoning were reported. Few classical foodborne disease outbreaks were associated with fish products. An epidemic of Norwalk-like illnesses in the Northeast, which peaked in 1982, accounted for the high number of outbreaks attributed to shellfish. These declined greatly in later years.


Table 4 Number of Deaths and Death-to-Case Ratio for Bacterial Pathogens in Foodborne Disease Outbreaks, United States, 1973–1987









	Etiological agent

	No. deaths

	Death-to-1000 cases ratio (when outcomes of cases are known)




	Bacillus cereus

	  0

	  0




	Brucella

	  1

	 23




	Campylobacter

	  2

	  2




	Clostridium botulinum

	47

	192




	C. perfringens

	12

	  1




	Escherichia coli

	  4

	  3




	Listeria monocytogenes

	70

	317




	Salmonella

	88

	  2




	Shigella

	  4

	  1




	Staphylococcus aureus

	  4

	 <1




	Streptococcus, Group A

	  0

	  0




	Streptococcus, other Groups

	  3

	 15




	Vibrio cholerae

	12

	 13




	V. cholerae, non-01

	  0

	  0




	V. parahaemolyticus

	  0

	  0




	Yersinia enterocolitica

	  0

	  0




	Other bacteria

	  0

	  0






Source: Bean and Griffin, 1991.




Table 5 Foodborne Disease Outbreaks Classified by Place of Mishandling or Mistreatment of Foods, United States, 1974–1978









	Place of mishandling or mistreatment

	Number of outbreaks

	Percentage of known places




	Food service establishments

	1285

	 77




	Homes

	 327

	 20




	Food-processing plants

	  52

	 3




	Other/unknown/unspecified

	 615

	 —




	 Total

	2279

	100






Source: Adapted from Bean and Griffin, 1991.

C. Implicated Foods

Throughout the years certain foods have been important vehicles of foodborne disease surveillance. In the 1940s and 1950s, cream-filled pastries were the most commonly identified vehicle (Bryan, 1976). In the mid-1960s to mid-1970s, roast beef, turkey, and ham became the three most commonly reported vehicles (Bryan, 1975, 1980). From 1977 to 1984 (Table 6), fin fish, roast beef, pork (mostly ham), salads (including potato, chicken, macaroni, turkey, tuna, egg), shellfish (e.g., clams and oysters), turkey, chicken, Chinese foods (mostly fried rice), vegetables, Mexican-style foods (includes ground and shredded meats and beans), raw milk, and cheeses were the major vehicles (Bryan, 1988a). The fish category is high because many single-case and few-case outbreaks of ciguatera and outbreaks of scombroid poisoning were reported. Few classical foodborne disease outbreaks were associated with fish products. An epidemic of Norwalk-like illnesses in the Northeast, which peaked in 1982, accounted for the high number of outbreaks attributed to shellfish. These declined greatly in later years.

Table 4 Number of Deaths and Death-to-Case Ratio for Bacterial Pathogens in Foodborne Disease Outbreaks, United States, 1973–1987




Table 6 Vehicles Associated with Outbreaks of Foodborne Diseases, United States, 1977–1984









	Food

	Number

	Percentage




	Fish (many one- or few-case outbreaks due to ciguatera)

	232

	14.9




	Beef (mostly roast beef, excluding ground meat)

	181

	11.7




	Pork (mostly ham)

	152

	 9.8




	Salads (includes potato, chicken, macaroni, turkey, tuna, egg)

	140

	 9.0




	Shellfish (e.g., clams and oysters)

	128

	 8.2




	Turkey (+ includes salads)

	 86 + 10

	 5.5 (5.9)




	Chicken (+ includes salads)

	 69 + 20

	 4.4 (5.5)




	Chinese foods (mostly fried rice)

	 78

	 5.0




	Vegetables

	 78

	 5.0




	Mexican-style foods (includes ground and shredded meats and beans)

	 77

	 5.0




	Milk and milk products (mostly raw milk, cheese; + ice cream with eggs)

	 66 + 16

	 4.2 (5.0)




	Baked goods (includes cream-filled pastry and unspecified, which may also be cream-filled)

	 53

	 3.4




	Eggs (+ including ice cream containing eggs)

	 35 + 7

	 2.3 (2.6)




	Beverages (many carbonated which back-flowed into copper pipes)

	 36

	 2.3




	Mushrooms

	 34

	 2.2




	Pasta (+ includes salads)

	 17 + 12

	 1.1 (1.8)




	Crustaceans (e.g., shrimp and crabs)

	 25

	 1.6




	Ground meat (+ includes tacos and other foods containing ground meat)

	  9 + 14

	 0.6 (1.4)




	Fruits

	 20

	 1.3




	Food mixtures and others

	 37

	 2.4




	  Total

	1553 + 79

	 99.9






Source: Bryan, 1988a.






D. Factors That Contribute to Causation of Outbreaks

Table 7 lists factors that contributed to outbreaks of foodborne diseases reported in the United States from 1961 to 1982 (Bryan, 1978, 1988b) and England and Wales from 1970 to 1982 (Roberts, 1982, 1986). Inadequate cooling—either leaving foods at room or warm outside temperatures or storing them in large containers while being refrigerated—was associated with most of the outbreaks. Percentages in these tables exceed 100% because multiple factors usually contribute to single outbreaks. To emphasize the relative importance of these factors, the listing has been divided into three categories: vital (high-risk) factors, which ought to be given the greatest attention in preventive actions; intermediate-risk factors, which should be given appropriate attention; and low-risk factors, which should be noted and watched for increasing risks. Ranking of all factors has changed little over four periods of review.

The three most frequently identified factors that contributed to: (1) salmonellosis were improper cooling, contaminated raw products, and inadequate heating; (2) staphylococcal food poisoning were colonized persons handling cooked foods, lapse of 12 or more hours between preparing and eating, and improper cooling; (3) botulism were inadequate heat processing, improper fermentations, improper room temperature holding; (4) C. perfringens enteritis were improper cooling, lapse of 12 or more hours between preparing and eating, and inadequate reheating (followed closely by improper hot holding); (5) shigellosis were colonized persons handling implicated foods, improper cooling, and lapse of 12 or more hours between preparing and eating; (6) Vibrio parahaemolyticus gastroenteritis were contaminated raw ingredients, improper cooling, and cross-contamination; (7) typhoid fever were colonized persons handling implicated foods, lapse of 12 or more hours between preparing and eating, and several time-temperature factors tied for third; (8) B. cereus gastroenteritis were improper cooling, lapse of 12 or more hours between preparing and eating, and improper hot holding (Bryan, 1988b).

The principal factors associated with outbreaks stemming from foods prepared in food service establishments were improper cooling, lapse of 12 or more hours between preparing and eating, colonized persons handling implicated foods, inadequate reheating, and improper hot holding. Important factors that contributed to outbreaks in homes were contaminated raw foods, inadequate cooking, unsafe source, improper cooling, and lapse of 12 or more hours between preparing and eating. Major contributing factors associated with operations in food-processing plants were inadequate heat processing, contaminated raw ingredients, improper cooling, colonized persons handling implicated foods, improper cleaning of equipment, and improper fermentation (Bryan, 1988b).




E. Economic Impact

Some investigators have made attempts to equilibrate disease incidence with costs (e.g., Todd, 1985a,b, 1989; Bennett et al., 1987; Garthright et al., 1988; Roberts, 1989). These estimates consider (1) medical-associated cost and loss of productivity to the patient or family resulting from the illness or sequelae; (2) cost to the food processor or preparer, including legal settlements; and (3) cost to the agency investigating the incident. Estimated cost per case varies with the disease under investigation (e.g., over $1,000 for a case of salmonellosis, over $10,000 for a case of listeriosis). In reality, these costs vary from nothing to perhaps the upper range of the estimated cost because some persons neither seek medical attention nor use medicine; others are hospitalized, and yet others die. The cost to the national economy may total billions of dollars per year when estimated incidence is combined with the estimated cost.






III. APPROACHES FOR PREVENTION AND CONTROL

Measures used to prevent and control foodborne infections and intoxications can be classified into surveillance and educational activities. There is surveillance of (1) diseases, (2) foods, (3) food-establishment workers, (4) facilities in which foods are processed, transported, stored, and prepared, (5) equipment on which foods are processed and prepared, and (6) operations (practices, procedures, or processes) to which foods are exposed. Furthermore, professional public health, regulatory, and quality-control personnel must be trained in matters related to surveillance and control of foodborne diseases. In addition, food-industry managers and supervisors, food-establishment workers, and the public must be educated about hazards associated with foodborne diseases and their prevention.


Table 7 Factors That Contributed to the Occurrence of 1918 Outbreaks of Foodborne Disease, United States, 1961–1982, and 1479 Outbreaks of Foodborne Diseases in England and Wales, 1970–1982

[image: table]
[image: table]
Source: Bryan 1988b; Roberts, 1982, 1986.





A. Surveillance of Diseases

Surveillance of diseases is an indispensable part of every successful disease-control program, yet foodborne-disease surveillance is either nonexistent or ineffective in many jurisdictions. It consists of (1) seeking notification of illness, (2) identifying and investigating outbreaks, (3) interpreting investigative data, and (4) disseminating findings (Bryan et al., 1987). The primary purpose of surveillance is to provide a basis for taking rational actions that will control continuing outbreaks and prevent the ocurrence of others.

Notification of outbreaks of diseases alleged to be foodborne and reports of sporadic cases of enteric illnesses can be improved by health agencies establishing rapport with community physicians, with personnel in hospital emergency rooms or poison control centers, and with personnel in institutions (e.g., schools, nursing homes). These persons should be encouraged to alert the agency responsible for disease surveillance of any unusual occurrence, such as clustering in respect to time of onset of cases of enteric illness. School and industrial records of absenteeism can be reviewed for indication of either increases in incidence or outbreaks of diarrheal illnesses. Arrangements should be made with hospital and other laboratories to report all isolations of enteric pathogens, such as Campylobacter, Salmonella, Shigella, or other agents that might be foodborne. The public should be given information about where to report enteric illnesses and should be encouraged to make such reports. All reported outbreaks should be investigated and all sporadic cases of enteric disease interviewed. Names of suspected foods and places where ill persons have eaten up to 72 hours before the onset of their illnesses should be obtained and recorded on a log sheet. This log should be reviewed periodically for association among the cases.

Investigations consist of (1) taking steps to verify diagnosis (including getting case histories and collecting specimens), (2) making time, place, and person associations of cases, and (3) reviewing operations at the establishment where foods were likely to have been mishandled. The last step consists of interviewing managers and workers, collecting samples, tracing routes of contamination to their source (if possible), examining workers, and identifying operations that contributed to the outbreak. This crucial phase of the investigation must account for contamination of the implicated food, survival of pathogens or toxins during heat processes (if applicable), and multiplication of foodborne pathogenic bacteria to such an extent that would create either cells or toxins in quantities sufficient to cause illness. Once a food is implicated, its sale must be stopped, products already sold recalled, and safeguards established and monitored. Data disclosed during the investigation must be collated, analyzed, and interpreted by making appropriate calculations and illustrations. Salient features of the outbreak should be summarized and a report submitted through appropriate channels to the agency responsible for disease surveillance at the national level.

Information about the factors contributing to an outbreak should be used to either select or devise and institute control and preventive measures in the implicated establishment (Bryan, 1988a,b). Inspectional data about similar establishments should be examined, or surveys initiated, to determine operations similar to those that contributed to the outbreak elsewhere. If such practices are found, education or enforcement efforts (whichever is most appropriate, or in appropriate combinations) should be intensified to decrease the hazards. In time, surveillance data become bases for determining the predominant foodborne diseases in a community, for indicating principal vehicles, and for identifying the primary factors that contribute to the occurrence of outbreaks of foodborne disease (see Table 7). Food-safety program activities and priorities must be related to contemporary foodborne-disease problems in the community.




B. Surveillance of Food-Establishment Workers

Several approaches to detect infected food workers and to take action to prevent them from contaminating foods have been carried out by some health and food regulatory agencies throughout the years. These include medical histories, physical examinations, blood tests, x-rays, examination of feces for parasites or bacterial pathogens (e.g., Salmonella and Shigella). There has been some public pressure to return to these practices primarily because of the concern about transmission of AIDS. There are significant limitations, however, to each of these practices (WHO, 1989).

Medical histories may suggest previous illnesses in which a carrier state may still exist and a disease condition may be diagnosed. A pathogen may be isolated or a sign of infection detected from a specimen. These are positive attributes of such examinations. The state of health, however, is transitory. A medical or laboratory examination can only indicate a condition at the moment of either the physical examination or collection of a specimen. Persons free of infections on the day of an examination, who are in the incubation phase of a disease, or who have mild, abortive, or atypical illnesses, will be missed. Furthermore, infections may be acquired and terminated between examinations. These examinations can never be scheduled at a frequency that would produce information certain to identify carriers.

Blood tests are usually done to detect venereal diseases, and skin tests and x-ray examinations are done to detect evidence of tubercular infections. Neither type of infection (including AIDS) are transmitted by persons while processing or preparing foods.

Fecal smears may be examined for parasites. This is a rather simple test to perform, and infected persons may undergo a regiment of treatment. After persons are treated for parasites, however, they can readily become reinfected unless they change their personal hygiene practices and improve the sanitation of their home and its environs.

Other than in regions where certain bacterial pathogens are highly prevalent, routine examinations of stools for pathogens frequently would be negative and give variable results. Epidemiological data show that salmonellae usually come from raw foods of animal origin rather than persons who excrete salmonellae. A food handler who is identified as infected during an investigation is more likely to be a victim, as are others who eat epidemiologically implicated foods, rather than the source. The role of asymptomatic carriers is of secondary importance in transmission of salmonellae, and screening for carriers has a high cost-to-benefit ratio.

A health card based on physical examinations or negative cultures, unfortunately, conveys to the public, the worker, food establishment managers, and even some personnel in health agencies the erroneous notion that the worker is incapable of transmitting foodborne pathogens—that if they touch foods or otherwise mishandle or mistreat foods, the outcome will be insignificant, which is not the case. Furthermore, a food-handler examination program by a public health agency or an industry that seldom reveals a carrier or positive stool culture often gives administrators the unjustified feeling that they are protecting the public or safeguarding the food supply. Instead, it should alert them to the inadequacies of the approach and lead them to seek alternative ways to protect foods from contamination.

Many microorganisms sometimes transmitted by foods—Staphylococcus aureus, C. perfringens, Clostridium botulinum, B. cereus, Vibrio cholerae, non-O1 vibrios, Vibrio parahaemolyticus, pathogenic Escherichia coli (enteroinvasive, enterotoxigenic, and hemorrhagic strains), Campylobacter jejuni, Yersinia enterocolitica, intestinal viruses (such as Norwalk, Norwalk-like, rota, calici, astro, entero, Coxsackie, ECHO, hepatitis A, and adeno)—are seldom if ever sought during routine examination of specimens from food workers. Of those listed, C. jejuni and Y. enterocolitica are almost always of animal or environmental origin. Bacillus cereus, C. botulinum, and V. parahaemolyticus are derived from raw foods and the environment (e.g., soil and water) rather than from human carriers. Staphylococcus aureus resides in the nose and on the skin of healthy persons. Clostridium perfringens, although present in human intestines, is also in the intestines of other animals and in soil, and it is a common contaminant of raw foods. Even if S. aureus and C. perfringens were eliminated through a regimen of treatment, they would reestablish in their niches within a few days to 2 weeks. Pathogenic E. coli may come from human excreters, but it is also present in animal feces and can readily multiply on surfaces of equipment in food establishments. Viruses may come from a human carrier, but they can also reach water-grown foods from sewage-polluted water.




C. Surveillance of Foods

The laboratory is an essential resource for any food-safety program. Foods may be sampled at ports of entry, at harvest, during storage, at critical stages of processing, and after processing in processing plants, in retail stores, at markets, or in food-service establishments and tested for either foodborne pathogens or indicator organisms, as appropriate to the situation (Speck, 1984; Subcommittee, 1985). Isolation of some pathogens (e.g., Salmonella) or significant numbers of other pathogens (e.g., 106 of C. perfringens) indicates a high health risk. High numbers of mesophilic aerobic bacteria in processed foods indicate either gross contamination or bacterial growth, but not health risks. The finding of coliforms, E. coli, Enterobacteriaceae in heat-processed foods usually indicates postprocess contamination. Not finding these organisms or high numbers from a small number of samples, however, does not indicate that the food is safe, which many persons seeing the results tend to assume. There are several reasons for this. Contaminants are not always uniformly distributed in a batch or lot of foods; this is particularly true when low numbers of contaminants are present. Hence, the absence of finding contaminated items during sampling can give a false sense of security. When no positive samples are found, this only means that the contaminants were not detected in the number of samples collected and tested, not that the lot was free of contaminants.

Testing only identifies defects and rarely indicates where in the process that contamination occurred or where the process failed. Furthermore, microbiological testing usually requires a few days. By the time results are available, foods under investigation have often been either eaten or shipped to other premises. Microbiological testing is expensive. End-product testing is inadequate when used alone for evaluating the safety of products.

Whenever microbiological criteria are contemplated, they should contain the following information: (1) a description of the food; (2) the organisms for which tests are to be done; (3) analytical methods for their detection or enumeration; (4) a sampling plan that defines the number (n) of sample units to be taken and the size of the unit to be taken and tested; (5) the microbiological limits (m and M) considered appropriate for the organisms in the foods; and (6) the proportion (c) of the sample units that can deviate from the limits (Codex Alimentarius Commission, 1980). Action to take if the lot being sampled fails to comply with the criteria should also be given.

There are statistical limitations of any sampling plan (ICMSF, 1986). Such plans become more stringent: (1) when a large number of samples are taken, (2) when large amounts of sample are tested, (3) when multiple media are used during examinations, (4) when multiple criteria are used in the limits (e.g., three-class plan), (5) when limits are set low, and (6) when tolerances are low or absent.




D. Surveillance of Food-Processing and -Preparation Environments

Potable running water, plumbing systems free from cross-connections and from back-siphoning potentials, toilet facilities, lavatory facilities, and safe sewage-disposal systems are essential for minimizing contamination or promoting personal hygiene of workers in food establishments. Today, in the United States, few outbreaks implicate deficiencies in these facilities. Potential problems, however, must be guarded against because breakdowns of these facilities can permit contamination of foods.

The practice of reviewing plans of new facilities, remolded facilities, and businesses that change hands can detect hazards that are inherent in the operations. Furthermore, such reviews can determine the availability of facilities to promote personal hygiene of workers and to improve sanitation. Equipment should be designed and so arranged in food establishments to reduce the possibilities of cross-contamination.

Traditionally, the emphasis in food-protection programs has been put on inspection. Inspections, however, can be done neither often enough nor thoroughly enough to provide the degree of food safety that is desired by processors and preparers of foods and the public. Furthermore, inspections may be done at times when either high-risk foods are not being prepared or critical processes are not being done; hence, factors critical to food safety may be overlooked. Some inspectors fail to distinguish between factors critical to food safety and those that are purely aesthetic or trivial. Laws and regulations often contain vague terms concerning compliance and seldom suggest relative importance of specific items, and, hence, many interpretations are left to the discretion of an inspector. According to present disease surveillance data, traditional efforts for control have not solved the foodborne disease problem. Hence, a new approach must be sought.

It is not dirty floors, walls, ceilings, or dishes or even the presence of flies or cockroaches in food establishments that lead to outbreaks of foodborne diseases; it is the factors listed in Table 7. Therefore, to ensure quality control and food safety, the emphasis should not be on physical facilities or even on health status of workers, but on processes to which foods are exposed.




E. Surveillance of Food-Processing and -Preparation Operations

The best way to assure food safety is by continued surveillance of operations in food-processing and food-service operations. Emphasis must be put on (1) hazards associated with sources of contamination to which foods are exposed, modes of contamination, and changing the process to decrease the level of that contamination, (2) the probability of microorganisms or toxic substances surviving processing or process failure, and (3) the chances of bacteria or molds multiplying during processing or storage.

A rational and contemporary approach to these concerns is known as the Hazard Analysis Critical Control Point (HACCP) system, (ICMSF, 1988), which consists of:



1.Identification of hazards (contamination, survival of pathogens and toxins, and multiplication of microbes) and assessment of the severity of the hazards and the risks that they pose.


2.Determination of critical control points required to prevent or control identified hazard(s). A critical control point is an operation (practice, procedure, process, or location) at or by which preventive or control measures can be exercised that will eliminate, prevent, or minimize a hazard or hazards.


3.Implementation of effective preventive and control measures and specification of criteria that indicate whether an operation is under control.


4.Monitoring of each critical control point to evaluate whether it is under control. This involves systematic observations and measurements; recording of these is prudent when practicable.


5.Taking appropriate and immediate corrective action whenever the monitoring results indicate that criteria established for safety at a critical control point are not met—thus, that the operation is out of control.


6.Verification by reviewing the system and using either supplemental tests or reviewing records to determine (1) whether the HACCP system is in place, (2) that appropriate critical control points have been designated, (3) that they are being effectively and properly monitored, and (4) that appropriate action is taken whenever criteria are not within specified limits. Hence, verification evaluates whether the HACCP system is functioning as planned.



The HACCP approach has application for foods during harvesting, during distribution while held in storage, during processing, while on display at retail establishments, during preparation, and while holding before serving. It offers a high level of assurance of food safety to persons concerned with food control, to those who process and prepare foods, and to the public. Hence, it is a desirable alternative to the more traditional control options, which are not always effective or efficient.

Conducting hazard analysis and determining critical control points requires input by trained specialists who are supported by adequate laboratory services. Furthermore, monitoring of critical control points and verification may require specialized equipment such as time-temperature recording devices, pH meters, and hygrometers.




F. Training of Persons Who Handle Foods and Supervise Its Safety and Quality

Food-hygiene and food-safety professions must understand the epidemiology of foodborne diseases and the microbial ecology of foods so that measures to prevent these diseases and food spoilage can be either selected from known measures or devised and given appropriate priority. They must have the skills to investigate outbreaks of foodborne diseases and use the data gathered in their preventive programs to set program priorities. The scientifically and technically trained professionals must be prepared to either develop or verify a HACCP system.

Food-establishment managers have the primary responsibility for preventing conditions within their establishments that can lead to outbreaks of foodborne disease. They have daily supervisory control of operations. They must, therefore, be aware of the kinds of operations that can lead to outbreaks and insist that appropriate preventive measures be practiced and monitored routinely during or before operations. During training, the factors that contribute to foodborne disease outbreaks in the segment of the food industry of which they are a part should be brought to their attention, with strong emphasis put on those most frequently encountered. Also, specific procedures to prevent the occurrence of these factors and to monitor critical points should be taught so that the managers can convey this information to their workers. This training should be related to common situations in the work environment.

For effective foodborne-disease prevention and quality control in food establishments, managers must train the workers who process, prepare, store, or otherwise handle foods, or who maintain the environment where foods are processed or prepared. If this is not feasible, they should provide training for the workers by an outside agency. If industry does not assume its responsibility, agencies responsible for food safety may have to assist industry or even initiate training of food handlers. After the training from whatever source, managers must supervise their personnel to ensure that the information and skills are being applied. Food-establishment workers need to know how to do their jobs properly so that they will not contribute to contamination of foods and so that microbial contaminants that do get into foods are either killed or their multiplication inhibited. Hence, they need skill in monitoring critical control points.

An alternative to clinical examination of food workers or the testing of specimens from them is training and perhaps even testing of their understanding of safe food-handling practices. A health card based on such understanding would give a far greater assurance of food safety than one based on clinical or specimen examinations. Certain communities have such testing and certification programs, and a test is available from a national testing service.




G. Education of the Public About Food Safety

Education of the public ought to start with teachers and students who are preparing to teach and extend to pupils in primary and secondary schools. Children should become more knowledgeable about food-safety practices, which will prepare them in case they enter the food industry work force or become homemakers.

More immediately, adults must be educated so that they become aware of the important hazards associated with the foods they purchase and prepare as well as of safe food preparation and storage practices. To this end, appropriate educational materials must be developed and educational efforts conducted. These may take many forms: (1) preparing and presenting educational films, leaflets, posters, and radio and television short announcements and documentaries; (2) communications by extension specialists, health officials, and food scientists, and (3) informative food-safety information on labels and packages.
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I. INTRODUCTION

Staphylococcal food poisoning is one of the most common types of foodborne disease and probably occurs in every country of the world, although records of the milder foodborne diseases are not kept in most countries. The illness is due to the ingestion of enterotoxins present in the food as a result of enterotoxigenic staphylococci growing in the food. Recovery is rapid, hence, in most cases individuals do not consult a doctor but conclude it was something they ate. It is not a reportable disease because of its relative mildness, however, enough identifiable outbreaks are reported to the Centers for Disease Control (CDC) to result in its listing as one of the leading foodborne disease in the United States. Many cases of foodborne illness with symptoms similar to those of staphylococcal food poisoning are reported to the CDC, but are not classified because of inadequate information about the presence of staphylococci or enterotoxin in the foods involved (Table 1).

Most staphylococcal food-poisoning incidents involve a relatively small number of people, such as a family group or even only one individual, which accounts for many outbreaks never being reported. There have been very large outbreaks, such as one involving over 1300 people attending a picnic in Indiana. An even larger outbreak occurred in Japan when 1500 people became ill after eating contaminated rice balls contained in lunch boxes prepared at one location. The latter two outbreaks are the type that will be considered here, as the food was prepared in one location for serving to a large number of individuals. Also, outbreaks that result from foods prepared at one location, such as by a food processor, for mass distribution will be considered. One example of this was corned beef produced in Brazil for distribution to other countries, such as England, where many people became ill after consuming it (Mansfield et al., 1983). Another example was a butter outbreak among individuals eating at restaurants serving whipped butter prepared by one manufacturer (CDC, 1977c).


A. Determination as Staphylococcal Food Poisoning


1. Symptoms of the Disease

The major symptoms of staphylococcal food poisoning, i.e., vomiting and diarrhea, occur within 1–6 h after the ingestion of food containing enterotoxin.


Table 1 Guidelines for Confirmation of Staphylococcal Food Outbreaksa







	Clinical syndrome


a)Incubation period 30 min–8 h (usually 2–4 h).


b)Gastrointestinal syndrome—majority of cases with vomiting.





	Laboratory, clinical, and epidemiologic criteria for confirmation


a)Detection of enterotoxin in epidemiologically implicated food.

     or


b)Organisms with same phage type in stools or vomitus of ill individuals; isolation from epidemiologically implicated food/or skin or nose of food handler is supportive evidence.

     or


c)Isolation of >106 organisms/g in epidemiologically implicated food.







aAt least two individuals must be involved. The clinical syndrome must be confirmed by adequate laboratory information.



A representative set of symptoms observed in 122 cases of illness that occurred among high school students after they had eaten cream puffs was described by Dennison (1936) (Table 2). He describes the typical symptoms as follows:


Within 2–4 hours after eating there was first noticed a feeling of nausea. Severe abdominal cramps developed and were quickly followed by vomiting which was severe and continued at 5–21 minute intervals for 1–8 hours. The vomitus was blood streaked in 13% of the cases. A diarrhea of 1–7 liquid stools usually began with the vomiting of several hours after its onset. Blood, not infrequently, was present in the stool. During the acute stage the temperature was normal or subnormal, the pulse noticeably increased, there was cold sweats, prostration was severe, and the patients were very definitely in a state of shock. Headache was mild and of a short duration. Muscular cramping, usually of the flexors of the legs, was present in the majority. Dehydration was marked in some.



While the acute symptoms usually lasted only 1–8 hours, complete recovery, because of prostration, was delayed for 1–2 days. During this time temperatures of 100° were not uncommon. Three cases were hospitalized. There were no fatalities. He summarized the symptoms with their variations as follows:


The most common interval between eating and the onset of illness was 3 hours. Eighty percent were ill by the fourth hour, while in a small number the onset was delayed for 6, 7, and 8 hours. Twenty-one percent were ill only for the short period of 1–4 hours while in 36%, recovery was delayed for 25–48 h. Vomiting was the most pronounced symptom, and 50% were described as ‘continuous’. In the majority of cases (92%), however, vomiting had ceased within 5–8 hours. There was severe vomiting in 78.2%, severe abdominal pain in 62.5%, mild diarrhea (1–7 stools) in 72.8%, mild and usually transient headache in 58%, mild muscular cramps in 51.3% and sweating in 67%. Prostration, dehydration and the degree of shock varied accordingly.



The frequency of the various symptoms is given in Table 2.

Ninety-five (57%) of the 165 students who ate the cream puffs became ill, whereas none of those who did not eat them became ill. This is typical of outbreaks involving a large number of people. The average onset time in the outbreak was also normal for large outbreaks with a few having earlier onset times, usually because of consumption of large amounts of toxin or increased sensitivity of some individuals, and a few that have delayed onset times of 7–8 h. Although vomiting is the symptom most frequently observed, some individuals may have other symptoms such as diarrhea without vomiting. Diarrhea may not be observed in milder cases, whereas vomiting usually is. Changes in temperature and blood pressure are not common, particularly with milder cases, although it is known that in experimental cases a change in temperature can occur, either up or down; a drastic lowering of blood pressure may occur also.


Table 2 Symptoms of Staphylococcal Food Poisoning from 122 Casesa











	Symptom

	Casesb

	No reaction

	Mild reaction

	Severe reaction






	Vomiting

	122

	15

	12

	95




	Pains in abdomen

	122

	6

	40

	76




	Diarrhea

	103

	13

	75

	15




	Headache

	101

	29

	59

	13




	Muscular cramping

	113

	41

	58

	14






aIncludes 94 students, 8 lunchroom supervisors who took some home and 20 from cream puffs sold at 3 cafes and from the bakery truck.

bCases from which this information was available.

Source: Dennison, 1936.



Death is uncommon with this type of food poisoning, but deaths have occurred. The deaths reported have been in children or older individuals, often with other complications. Weed et al. (1943) reported the deaths of two children, 3 and 4 years of age, who died within 24 h after each drank 125 ml of milk from a goat with staphylococcal mastitis. The deaths of the children and the results of the autopsy indicated that the children received a relatively large amount of enterotoxin in the milk they drank.

Several deaths of older people who consumed food containing enterotoxin have been reported (CDC, 1969; Anon., 1971, 1975; Currier et al., 1973); the deaths usually occurred after severe vomiting and diarrhea. One elderly woman died of acute vascular collapse secondary to fulminating gastroenteritis in an outbreak of staphylococcal food poisoning that occurred in Wisconsin in 1968 (CDC, 1969). The illness developed 1¼–3 h after eating. Twenty-eight people were known to have become ill with symptoms characterized by vomiting, diarrhea, and severe prostration; of these, six individuals required hospitalization. Baked ham obtained from a food store was the vehicle of infection. The sliced ham was kept in a roaster at 120°F awaiting sale. Staphylococcus aureus cultures from the implicated ham slices, the wood block cutting table, and a nasal swab from the food handler produced enterotoxin A (SEA).

A 57-year-old woman reported to have been in excellent health died in shock within a few hours of the onset of illness after eating a cold plate lunch at a restaurant in Montgomery, Alabama (Currier et al., 1973). Three other individuals developed severe gastroenteritis after eating plate lunches at the same restaurant. SEA-producing staphylococci of phage type 83A/85 were cultured from sliced ham and from the chronically infected thumbnails of the cook who had baked and hand-sliced it.




2. Detection of Enterotoxin in Food

The detection of enterotoxin in a food implicated in food poisoning is acceptable proof of staphylococcal food poisoning. The methods for detection of the enterotoxin in foods are borderline for detection of the small amounts of enterotoxin that may be present (0.5 ng/g); hence, the detection of any amount of enterotoxin is considered adequate proof of food poisoning. This was demonstrated in the food-poisoning outbreak from chocolate milk which contained as little as 0.4 ng/ml of milk (Evenson et al., 1988). The symptoms of the illness were those of staphylococcal food poisoning, but no staphylococci could be isolated from the milk. The method used for analysis of the milk was an enzyme-linked immunosorbent assay (ELISA) (Freed et al., 1982). Commercial ELISA kits are available for this purpose.




3. Determination of Contamination Source

Phage typing of staphylococci has been used for many years as an epidemiological tool in tracing the source of contamination in food-poisoning outbreaks. In many instances the phage-typing data can pinpoint the source of an outbreak; however, this is not always the case. For example, in one food-poisoning outbreak, two food handlers carried in their throats staphylococci of the same phage pattern as staphylococci isolated from the suspect food, but organisms from only one of the individuals produced enterotoxins. Checking food-poisoning-associated staphylococcal isolates for enterotoxin production is as important as phage typing. It is not always possible to trace the source of the organism by determining enterotoxin production alone, because sometimes organisms isolated from different food handlers may produce the same enterotoxin. In this case the combination of phage typing and enterotoxin type produced is very important. In at least one food-poisoning case, the enterotoxin type was very important because the organism located from the food was not phage typable. There was no question about the source in this case because the enterotoxin produced was E (SEE), which is infrequently involved in food-poisoning outbreaks.






B. Amount of Enterotoxin Required for Illness

Normally, the amount of enterotoxin present in foods is relatively small, usually 5–10 ng/g of food, hence the amount of enterotoxin required to result in death would seldom be present. Results of the examination of food implicated in food-poisoning outbreaks for the presence of enterotoxin have indicated that considerably less than 1 µg of toxin (as little as 100 ng) may be sufficient to produce symptoms in sensitive individuals (Reiser et al., 1974). However, it was not until the fall of 1985 that an opportunity was presented to obtain a good estimate of the amount necessary to produce illness in sensitive individuals. This occurred when more than 850 school children became ill with typical staphylococcal food-poisoning symptoms after drinking 2% chocolate milk (Evenson et al., 1988). Analysis of 12 ½-pint cartons of the 2% chocolate milk revealed an average of 144 ng of SEA per carton, with a range of 94–187 ng/carton (Table 3). Most of those who became ill had drunk only one carton of the milk.




C. The Enterotoxins

The enterotoxins are a series of low molecular weight proteins (27,000–29,000 daltons) that are similar in their reactivity and composition but are identified as separate proteins because of their antigenic differences (Bergdoll, 1989). On this basis they are labeled enterotoxins A (SEA), B (SEB), C (SEC), etc. (Gasman et al., 1963), with each reacting with a different antibody. They are classed as enterotoxins because of the emetic and diarrheal reaction they elicit when taken intragastrically. Seven enterotoxins have been identified, purified, and characterized, but this is not an integral part of the discussion here except to identify the chemical nature of the enterotoxins that are responsible for the rather violent reactions sometimes seen in humans.


Table 3 Enterotoxin Analysis in 2% Chocolate Milk









	
	Enterotoxin A




	Sample

	(ng/ml)

	(ng/½ pint)






	1

	0.40

	94




	2

	0.73

	172




	3

	0.48

	113




	4

	0.63

	149




	5

	0.78

	184




	6

	0.65

	153




	Average

	0.61

	144






Source: Evenson et al., 1988.








II. EPIDEMIOLOGY

It is necessary for enterotoxigenic staphylococci to grow and produce enterotoxin in foods before food poisoning can occur; however, certain conditions are necessary for this to take place: (1) the food must be a good medium for growth of staphylococci; (2) enterotoxigenic staphylococci must be present in the food; and (3) adequate conditions must exist for the staphylococci to grow and produce enterotoxin (sufficient time at a warm temperature).


A. Foods Involved in Outbreaks

Many foods provide a good medium for the growth of the staphylococci. Examples include dairy products, various types of salads, and cooked meats such as baked ham.


1. Dairy Products

Milk is rarely involved in staphylococcal food poisoning in the United States, however, the outbreak from chocolate milk among school children in Kentucky in 1985 was exceptional (Evenson et al., 1988). SEA was detected in the milk even though staphylococci could not be isolated from the milk. Accidently, warm instead of cold water had been circulated in the milk holding tank for 4–5 h before the milk was pasteurized, during which time the staphylococci grew and produced enterotoxin. Unfortunately, enterotoxin is not inactivated by pasteurization.

In more recent times food-poisoning outbreaks from cream-filled bakery goods such as the one from eclairs used as an example of a typical mass-feeding outbreak are infrequent, probably because greater care is taken in handling such foods, particularly during the warmer months. Apparently this is not true in some countries, as chocolate eclairs were implicated in illnesses on an airplane flight in 1976 from Rio de Janeiro to New York City; approximately half of the 153 passengers served the eclairs became ill 2–3 h following the meal at which the eclairs were served (CDC, 1976c). The eclairs had been left unrefrigerated from 8:30 a.m. until 10:30 p.m., when they were placed on the plane, S. aureus (109/g) that produced enterotoxin D (SED) was isolated from the eclairs, and SED was detected in the eclairs.

Cream-filled cakes have been implicated in several staphylococcal food-poisoning outbreaks. A relatively large outbreak resulting from the consumption of cream-filled coffee cakes occurred in Wisconsin in 1970; this outbreak is used later to illustrate the importance of refrigeration in prevention of this type of food poisoning. An outbreak occurred in Spain from Easter cakes with a cream filling that were widely distributed. They were the suspected cause of 1800 illnesses with typical staphylococcal food-poisoning symptoms. The cream filling contained more than 5 × 108 staphylococci/g, which produced SEA. The source of the staphylococci was not determined as the only human staphylococci isolate obtained produced SEB.

Many outbreaks have occurred from the consumption of cheese, although with the advent of the use of pasteurized milk in cheese manufacture, fewer problems have been encountered. However, a number of people became ill from eating cheese that had been manufactured in a plant that was using pasteurized milk (Zehren and Zehren, 1968). In this case the pasteurized milk had become recontaminated with staphylococci through a leaky valve. The staphylococci isolated from the valve and the cheese produced SEA; SEA was detected in the cheese. Even so, there would have been no problem except that a starter culture failure allowed the staphylococci to grow in the vat and produce the SEA.

Ice cream is frequently involved in staphylococcal food poisoning in other countries, but has not been the cause of food poisoning in the United States. However, a staphylococcal food-poisoning outbreak did occur in the eastern part of the United States in which ice cream prepared commercially was implicated. The ice cream was distributed over a rather wide area, and illnesses were reported from several different locations. Enterotoxin was not detectable in the ice cream; it is not known whether it was present in any of the ingredients as none was available for analysis.

Many episodes of illness with features compatible with staphylococcal food poisoning were reported in Pennsylvania and nearby states in 1974 (CDC, 1974). In nine episodes involving at least 43 individuals, food histories implicated milkshakes purchased in several restaurants, all of which used a liquid milkshake mix made by a dairy in eastern Pennsylvania. The dairy voluntarily recalled the suspect lots of mix. A few weeks later, 37 episodes of illness, involving about 120 people, in which a liquid milkshake mix manufactured by a second Pennsylvania dairy was implicated. This dairy recalled all of its milkshake mixes and ceased production of milkshake mix. Whey powder from a single distributer was used in the mixes manufactured by both dairies. Cultures from the whey obtained from one of the dairies yielded enterotoxigenic staphylococci. The long onset time (5–6 h) for the appearance of the symptoms indicates a very low level of contamination in the milkshake mixes. Such a low level of contamination would be expected if an ingredient rather than postcontamination of a finished product was involved because of the dilution of the ingredient.

Butter is an unlikely food to be involved in food poisoning, primarily because of the small amount eaten at any one time; however, an outbreak occurred in 1977 when over 100 customers of pancake houses in the Midwest were made ill from whipped butter (CDC, 1977c). Staphylococci was found in relatively large numbers (up to 107) in some packages of the whipped butter. Some of the isolates produced SEA and others were nonenterotoxigenic (by monkey-feeding tests) indicating that the contamination was not of a common origin. SEA was found in small amounts in two packages of butter (70 and 150 ng/100 g), which is generally considered too little to cause food poisoning unless a large amount of the food was consumed. In the package with the smaller amount of SEA, the nonenterotoxigenic staphylococci outnumbered the enterotoxigenic staphylococci by 10–15 to 1. Considerable variation existed from package to package in the staphylococci present, both in numbers and type; hence, it could be concluded that the packages involved in the illnesses contained larger numbers of enterotoxigenic staphylococci than those examined in the Food Research Institute. The cream used to prepare the butter was pasteurized, but it apparently was recontaminated in some manner by the incoming cream during processing. The butter was distributed also to steak houses, but no one eating at these restaurants became ill, indicating that it is possible to consume enterotoxin in small amounts without becoming ill. This was the second outbreak in which butter was the implicated food. The other outbreak involved whipped butter that had been prepared from commercial butter that contained enterotoxin, apparently from the whey cream used in its manufacture (CDC, 1970).




2. Salads

Different types of salads—ham, chicken (CDC, 1968a, 1976b), tuna (CDC, 1968b), macaroni (CDC, 1973b), and potato (CDC, 1973a, 1980)—have been involved in staphylococcal food poisoning from time to time. Salad dressing has been suggested as a cause of staphylococcal food-poisoning outbreaks, but this is highly unlikely because salad dressing by itself does not support the growth of staphylococci. Actually, staphylococci cannot survive in salad dressing due to its low pH. The food from which the salads are made provide the nutrients for growth of the staphylococci, and mixing the main ingredients of the salad with the salad dressing moderates the pH of the salad dressing, hence, allowing growth of the staphylococci.

One outbreak occurred when 600 of 1000 high school girls who were attending a meeting in Crawfordsville, Indiana, became ill after eating ham salad sandwiches. The ham used to make the sandwiches had been baked, ground, and held at room temperature at least one day before making the sandwiches. Such large outbreaks occurring in small towns pose a considerable problem as the facilities for caring for those becoming ill is inadequate. In this case because of inadequate hospital facilities, beds were set up in the school gymnasium. Many of the young women became ill in transit to their homes or after they arrived home. The staphylococci isolated from the ham salad was not examined for staphylococcal enterotoxin because the outbreak occurred in 1958 before adequate information was available to analyze for enterotoxin.

One of the largest outbreaks of staphylococcal food poisoning to occur in the United States resulted from chicken salad consumed by school children in Laredo, Texas (CDC, 1968a). A total of 1364 of 5824 children who ate lunch in elementary school cafeterias became ill with abdominal cramps, vomiting, and diarrhea in 1–9 h; about half of those ill required treatment at a hospital. Food histories implicated the chicken salad. The chicken was prepared in a central kitchen and distributed to the various elementary schools. The day before the outbreak, the chickens were boiled for 3 h, cooled and deboned, ground into small pieces, placed in 12-inch-deep aluminum pans, and stored overnight in a cooler which was maintained at 42–45°F. The following morning, pickles, pimento, and mayonnaise were added to the chicken, and the mixture was blended in an electric mixer. The food was placed in thermal carriers and transported to the schools by trucks. The schools had no facilities for refrigerating food; the salad was kept at room temperature until it was served between 11:30 a.m. and noon. March 21 was a cold day in Laredo, and the heating systems were operating in all class-rooms. At some of the schools, the food arrived at 9:14 a.m., and at others, at 10:30 a.m. The schools that received the food at the earlier time had a significantly higher attack rate (32.6%) than those which received the food at 10:30 (18.4%). S. aureus was isolated from the chicken salad, from a nasal culture of one food handler, and from throat cultures of two food handlers. No staphylococcal infections were noted in any of the food handlers. Further testing of the staphylococcal isolates were not reported.

Seventeen of 33 students and teachers attending a graduation banquet in West Virginia became ill with vomiting and diarrhea from eating potato salad (CDC, 1980). The attack rate was 79% among those who had eaten potato salad and zero among those who did not. The S. aureus isolated from the potato salad (3 × 108/g), chocolate pie (1 × 105/g), the deviled eggs (1.8 × 105/g), from the lesions on the two food handlers’ hands, and the feces of one patient all belonged to phage type 83A/85. The potato salad and other foods had been stored for 4½–12 h at room temperature before being served.




3. Meats

Many outbreaks involving large numbers of people have resulted from eating baked ham, primarily at picnics. One of the largest outbreaks ever recorded in the United States involved 1300 individuals attending a company picnic in Indiana. The signs and symptoms of ill individuals included vomiting and diarrhea, which occurred within 2–3 h after eating the baked ham. Large numbers of SEA-producing staphylococci were isolated from the ham, but it was impossible to trace the source of contamination because the food handlers who prepared the baked ham refused to cooperate.

Several outbreaks of staphylococcal food poisoning from salami, particularly Genoa salami, occurred in the 1970s (CDC, 1971a,b,c, 1975b, 1979a). This particular salami is made from raw meat, which is usually contaminated with staphylococci; it is fermented without heating, usually with use of a starter culture. Experiments at the Food Research Institute showed that sufficient growth of staphylococci can occur in the first 24 h before adequate acid is produced by the starter culture to prevent the growth of the staphylococci (unpublished data). Large numbers of staphylococci were often found in the salami involved, and both SEA and SEC were found in some sticks of salami. Apparently the problem has been resolved, because no more outbreaks from this type of salami have been reported.




4. Pasta

Occasionally other types of foods are involved in staphylococcal food-poisoning outbreaks, such as those that occurred in England, Wales, Italy, and Luxembourg in 1985 from dried lasagna prepared in Italy (Woolway et al., 1986). High counts of SEA-producing S. aureus (up to 2 × 108/g) were present in some packets of lasagna; SEA was detected in the lasagna at levels of 1–10 µg/100 g. Apparently the contamination originated with liquid egg that was inadequately pasteurized. The early stages of the pasta manufacture, when the dough containing egg is mixed, shaped or extruded, and then dried slowly, provided a suitable environment for growth of the organisms. Prolonged holding of unrefrigerated raw pasta dough would have permitted prolific growth of the staphylococci.




5. Easter Eggs

An estimated 300 out of 850 children who had participated in an Easter egg hunt in California became ill with staphylococcal food poisoning (Merrill et al., 1984). Enterotoxigenic staphylococci isolated from the eggs were identical to those isolated from a nasal culture from the individual who had prepared the eggs. The cook stated that he had had a cut on his hand at the time of preparing the eggs. SEB was produced by both cultures and was present in the eggs. The eggs had been prepared 3–5 days prior to the Easter egg hunt and were stored at room temperature because of inadequate refrigeration facilities at the school where the eggs were prepared. The eggs were boiled for 10–12 min and were dyed while still hot. After the dyeing they were cooled in tap water. Prior to this outbreak, four small outbreaks occurred in Wisconsin from consuming Easter eggs. Boiled eggs are an unlikely food to be involved in food poisoning, however, it has been shown that staphylococci can penetrate the egg shell during the cooling process (Harbrecht and Bergdoll, 1980). In this outbreak, the cooling water was undoubtedly contaminated with the staphylococci from the cook’s hand.




6. Mushrooms

Four confirmed and three suspected outbreaks of staphylococcal food poisoning associated with consumption of canned mushrooms from the People’s Republic of China were reported in the United States during February–April, 1989 (CDC, 1989). At least 102 persons in the confirmed outbreaks became ill with nausea, vomiting, diarrhea, and abdominal cramps, and 16 were hospitalized. The mushrooms had been served with omelets, hamburgers, pizza, and at a salad bar in cafeterias or restaurants. Staphylococcal enterotoxin A was detected in unopened cans of mushrooms from the same lot at all four sites and in samples of the implicated mushrooms at three sites. All cans in these outbreaks were large, institutional-sized cans of pieces and stems.






B. Source of Contamination

Staphylococcal food poisoning results from enterotoxigenic staphylococci growing and producing enterotoxin in foods. The number of organisms necessary to produce enterotoxin is not known, but the best estimate is 108–107 per gram of food (Noleto and Bergdoll, 1980); however, it is not unusual to find 108–109 organisms per gram of foods that have been involved in food poisoning.


1. Inoculum Size

The size of the inoculum can vary considerably, from a cough or sneeze by a food handler who happens to carry enterotoxigenic staphylococci in his or her nose or throat, to contamination by a food handler with some type of staphylococcal infection, such as an infected cut on the hands. The smaller the inoculum, the longer it is necessary to hold the food at a warm temperature before problems are encountered. This can be demonstrated from an outbreak in which sliced ham was packaged by an individual who carried the same enterotoxigenic staphylococci in her throat that was isolated in relatively large numbers from the implicated ham. The ham was packaged on a Saturday morning and sold throughout the day without any of the purchasers becoming ill. The leftover ham was packed into a relatively deep pan, and although it was refrigerated, cooling would have been quite slow. On Sunday morning, the ham was removed from the refrigerator and warmed before being sold late in the morning. Those who purchased the ham on Sunday became ill with typical symptoms of staphylococcal food poisoning. SEA was isolated from the leftover ham.

This is in contrast to an outbreak from sliced baked ham at a postal employees picnic in Ohio; the individuals who ate the ham became ill even though it had been held only a few hours at a warm temperature before it was eaten. In this case, enterotoxigenic staphylococci isolated from the ham were identical to those isolated from lesions on the face of an individual who had sliced the ham at the location where it was baked. The hams were baked overnight and early in the morning of the following day were deboned, sliced, and placed in a warm oven (74°C) until it was removed at 2 p.m. and taken to the picnic grounds, arriving there at 3 p.m. It was a warm day (32°C) and the ham was not refrigerated. The ham was served at about 6 p.m.; people became very ill with vomiting and diarrhea at about the time they were leaving the picnic grounds. Those who prepared the ham sandwiches during the afternoon ate some of the ham and became ill, whereas those who deboned and sliced the ham remained unaffected. The ham was well inoculated because the individual with the facial lesions frequently wiped his face with his hands during the slicing operation.




2. Food Handlers

Staphylococci are ubiquitous, although their major reservoirs are humans and animals. The percentage of healthy humans who carry staphylococci at any one time varies from 30 to 50%, with 15–35% being persistent carriers (Williams, 1963). Hospitalized humans have an even higher carriage rate, ranging up to 60% (Munch-Peterson, 1961). At least two reports on the carriage of staphylococci by food handlers have been published. Untermann (Untermann, 1972) isolated S. aureus from the nares and/or throats of 99 (36.9%) of 268 food handlers in Germany. Mori et al. (1977) isolated S. aureus at least at one out of four times during the year from the nasal cavities, pharynx, hair, fingers, or feces of 74 of the 100 food handlers they examined in Japan. Staphylococci were detected in only 12 individuals at each of the four times the examinations were done. Nineteen (19%) of the German strains produced enterotoxin (only examined for SEA, SEB, and SEC), whereas 50 (50%) of the Japanese strains produced enterotoxin (examined for all enterotoxins) (Table 4). Food-poisoning outbreaks do occur from foods that have been contaminated by healthy staphylococcal carriers such as the outbreak from packaged ham.

However, more frequently, outbreaks result from contamination by food handlers with some type of staphylococcal infection, such as an infected cut on the hands. This is illustrated by the Easter egg outbreak in California; the source of contamination was undoubtedly an infected lesion on the hands of the individual at the time he prepared the eggs (Merrill et al., 1984). Both the S. aureus isolated from the eggs and the cook’s nose were of the same phage type and produced SEB. The enterotoxigenicity of staphylococci isolated from human sources has been reported by several investigators; some results are listed in Table 4.




3. Animals

It is well known that animals also develop staphylococcal infections; mastitis is a typical example of a staphylococcal disease occurring in animals, particularly cows (Olson et al., 1970), sheep (Guitierrez et al., 1982), and goats (De Buyser et al., 1987). In addition to infections, most animal species carry staphylococci in their nares. Animal carriers are of less importance than human carriers because most food-poisoning outbreaks result from contamination by food handlers. Most outbreaks result from staphylococci growing in foods after the food has been heated. Heat treatment generally will destroy any staphylococci present before there is adequate growth for enterotoxin production. Enterotoxin is produced in the food by staphylococci introduced onto the food after heating. The major possibility for enterotoxin production in food by staphylococci from animal sources is in milk from mastitic animals, such as occurred with the deaths of two children after drinking milk from a goat with mastitis (Weed et al., 1943). It is possible that before the use of pasteurized milk in cheese making became common practice, staphylococcal food-poisoning outbreaks from cheese could have been due to staphylococci from the cows.


Table 4 Enterotoxigenicity of Staphylococcal Isolates from Human Carriers










	Source

	No. of staphyloccocal isolates

	No. of isolates producing enterotoxin

	% of enterotoxin producing isolates






	Healthy students

	117

	 18

	15.4




	Healthy children

	 70

	 28

	40.0




	Food handlers

	 73

	 32

	43.8




	Food handlers

	249

	136

	54.2






Source: Mori et ai. (1977), Untermann (1972).



Raw meats are usually contaminated with staphylococci, but these organisms usually are destroyed when the meat is processed or heated before eating. Furthermore, even though raw foods such as uncooked meat and unpasteurized milk may be contaminated with staphylococci, these foods also are contaminated with other organisms that inhibit the growth of the staphylococci; the staphylococci are not good microbial competitors. The only time that unpasteurized milk is likely to be involved in food poisoning is when the milk contains a large inoculum, which can occur if it comes from a mastitic animal.






C. Temperature and Time

The food-poisoning outbreaks described above illustrate the conditions favorable for staphylococcal growth and enterotoxin production. In the case of the Ohio picnic, the ham was held at a warm temperature (32°C) for not more than 3–4 h before it was eaten by the individuals who became ill. However, a much longer period of time was required for enterotoxin to be produced in the packaged ham outbreak, partly because of a low inoculum and partly because of a lower incubation temperature (probably around 24°C). In general, the lower the temperature, the longer the time required for enterotoxin to be produced.

The inoculum in the California Easter egg outbreak would have been quite small also because it was necessary for the organisms to pass through the egg shells during the cooling process. The eggs (3600) were prepared 3–5 days in advance and were kept at room temperature because adequate refrigerated storage space was not available (Merrill et al., 1984). The time was more than adequate for the staphylococci to grow and produce enterotoxin.






III. LOCATION OF OUTBREAKS


A. General Public Eating Places


1. Restaurants

Eighty-one persons became ill after eating chicken salad at a luncheon in a restaurant. Staphylococci that produced SEA were isolated from the chicken salad and from an open lesion on the thumb of the cook who prepared the salad (CDC, 1975a). Organisms from both sources were of the same phage type. Inadequate refrigeration of both the cooked chicken and the chicken salad allowed the staphylococci to grow sufficiently to produce enough enterotoxin to cause the illness.




2. Fast-Food Outlets

A diabetic woman and two children became ill with staphylococcal food poisoning after eating hot dogs at a fast-food restaurant (CDC, 1977b). Coagulase-positive staphylococci were isolated from a rectal swab and vomitus specimens from the ill women, from a hot dog from the restaurant’s serving line, and from an opened, but not from an unopened, box of refrigerated frankfurters. All isolates produced SEA. Employees at the restaurant had adopted the practice of removing frankfurters from refrigerated storage and holding them for extended periods on a warming tray at 120–140°F. They were then heated further by steaming as orders were received.




3. Vending Machines

In Denver 11 employees became violently ill with nausea and vomiting after eating Greek spaghetti from a food vending machine (CDC, 1977a). Investigation revealed that three other persons had become ill after eating Greek spaghetti from other vending machines supplied by the same firm. In addition, two employees of the catering firm, who had eaten Greek spaghetti the previous evening became ill. S. aureus, phage type 85, was isolated from the stools of two hospitalized patients, from the hands of one food handler, and meat used to prepare the spaghetti. All S. aureus isolates of phage type 85 produced SEA, whereas SED was found in samples of spaghetti and in chili samples from the food preparation area of the vending machine company. An employee with lesions on his hands had helped to portion cooked meat onto the spaghetti. The central commissary refrigerator at the vending machine firm was found to be inadequate; many hot food items remained at temperatures favoring growth of staphylococci for up to 8 h after being placed in the refrigerator. The widespread finding of S. aureus phage type 85 indicates extensive cross-contamination as a result of poor food-handling practices. The original SED-producing organism apparently had been overgrown by other strains. Something appears to be lacking in the investigation as the explanation that the staphylococcal strain producing SED found in the food was overgrown by the SEA-producing strain is inadequate. Adequate examination of the staphylococci isolated from the food should have revealed the presence of the organisms producing SED because they should have been present in relatively large numbers. It is possible that SEA was present in the food but below detectable levels by the methods in use at that time for detection of enterotoxins in foods.






B. Semi-Private Eating Places


1. Conferences

More than 80 of 230 participants at a literary conference in California became ill 3–14 hours after eating cheese tortellini prepared by a single food handler (Bryant et al., 1988). The day before the meal, 50 Ib of tortellini had been boiled, allowed to cool for 3–4 hours, layered in plastic bags, and stored in a small refrigerator. The following morning the pasta was mixed by hand with a cheese sauce, packed in shallow pans, transported to the conference site, and reheated in large ovens. The tortellini before reheating had an S. aureus count of 6 × 107 cfu/g; the reheated pasta had a count of 1.0 × 106 cfu/g. Isolates from the tortellini and from the hands and nares of the food handler produced SEA and SEC. The reheated tortellini contained SEA at a concentration of 0.9 µg/100 g; SEC was not detected.




2. Hospitals

An outbreak of food poisoning occurred on September 3, 1968, in Ponce, Puerto Rico, among doctors, nurses, student nurses, and employees of the Ponce District hospital (CDC, 1968c). The illnesses followed a luncheon in the hospital cafeteria. Of 446 employees eligible to eat at the noon meal, as many as 143 individuals may have become ill with an attack rate of 32%. The symptoms were those of staphylococcal food poisoning. Ham was implicated as the vehicle of infection. The ham was prepared by a catering service on the day of the outbreak and delivered to the cafeteria. S. aureus was isolated from leftover ham, vomitus from patients, and from the nose and throat of the food handlers at the catering service. Inspection of the caterer’s kitchen facilities revealed violations of recommended sanitary practices.




3. Picnics and Outings

Some of the largest outbreaks have occurred at picnics, due primarily to baked ham sandwiches. Two outbreaks, the Ohio and Indiana outbreaks, are used to illustrate other aspects of staphylococcal food poisoning. In a school outing in England, 30 children and 5 adults developed stomach pains, copious vomiting, and severe diarrhea after eating the school lunch prepared by the school kitchen staff (Communicable Disease Surveillance Centre, 1984). Large numbers of S. aureus were isolated from the egg (3.5 × 109/g) and meat (6.5 × 107/g) sandwiches. The sandwiches were prepared the day before the outing and were placed in large tins for overnight cooling. The tins containing the egg sandwiches were placed on a larder cold slab, and the tins containing the meat sandwiches were placed in the refrigerator. The temperature in the kitchen larder fluctuated between 15 and 27°C and the temperature in the refrigerator was 9°C. Apparently the ingredients of the sandwiches were contaminated during preparation, but no cultures were taken from the kitchen staff.




4. Wedding Receptions

Chicken salad was identified as the vehicle in an outbreak of staphylococcal food poisoning affecting 64 of 107 guests at a wedding reception in Delaware (CDC, 1979b). S. aureus phage type 95 was isolated from the salad, a food grinder used in its preparation, and a nasal swab from the person who prepared it. The chicken was cooked, deboned, and refrigerated in a large plastic washtub 2 days before the reception. The next day the chicken was ground with celery and onions, mixed with mayonnaise, and again refrigerated in the same tub. On the day of the reception the salad was held unrefrigerated for a total of 7 h.




5. Schools

A number of outbreaks have occurred in schools, such as the chocolate milk outbreak in Kentucky (Evenson et al., 1988) and the chicken salad outbreak in Texas (CDC, 1968a). In most of these outbreaks the food was prepared in a central location and distributed to the various schools in the area, such as was the case with the chicken salad. Transport of the food from the central preparation place and the storage of the food after delivery often allows time at nonrefrigeration temperatures for staphylococci to grow and produce enterotoxin. In addition, much larger numbers of children are exposed than if each school prepared its own food.




6. Senior Citizens Center

Forty-three of 87 senior citizens at the Senior Citizen Center in Kenosha, Wisconsin, became ill with classic symptoms of staphylococcal food poisoning after eating potato salad. The eggs, the presumptive vehicle, had been cooked, sliced, and cooled in very large vats in the refrigerator overnight The next day the potato salad was made and the eggs added. The staphylococci isolated from the potato salad produced SED, the second most common enterotoxin to be involved in food poisoning. The concentration of the organisms in the salad was 5.7 × 107/g salad.




7. Military

A large outbreak of staphylococcal food poisoning caused by SEE occurred among soldiers on a march in England (Morris et al., 1972). Of 200 soldiers, 100 became ill after eating ham sandwiches and sausage rolls which had been kept for 30 hours at room temperature. Staphylococci, phage type 85, that produced SEE were isolated from fecal samples and from the ham (9 × 109/g) and the sausage (1.25 × 107/g).






C. Private Eating Places


1. Nursing Homes

Several residents of a nursing home became ill with vomiting and diarrhea after eating chicken salad sandwiches. None of the implicated chicken was available for testing. One of the food handlers who had manually mixed the chicken salad had lesions on her hands. Staphylococci were isolated from her nares and the hand lesions as well as from the stools of two of the nursing home residents who became ill. The culture from the food handler’s nares produced SEA and the culture from the lesions on her hands produced SEA and SEB. The culture from one of the stool samples produced SEA; one culture from the other stool sample produced SEA and another culture from the same stool produced SEA and SEB. This showed that the chicken salad was contaminated with both cultures from the food handler. Although the chicken salad was refrigerated, it was placed in a very large container, thus giving the organisms time to grow and produce enterotoxin before adequate cooling took place.




2. Jails

Seventeen of 19 inmates at a jail in Wisconsin became ill with vomiting and diarrhea 4 hours after eating ham sandwiches at lunch. Attack rate tables implicated the ham sandwiches as the likely food item involved. The leftover ham contained a count of 2.1 × 107 S. aureus organisms/g that produced SEA and the toxic shock syndrome toxin (TSST). Also, staphylococci that produced SEA and TSST were isolated from the stool samples from several of those who became ill. A nasalpharyngeal isolate from one of the food handlers produced SEA and TSST.






D. Public Transportation


1. Airplanes

Many smaller outbreaks following the consumption of baked ham have been reported including one that occurred on a Japanese airplane en route from Tokyo to Paris with intermediate stops in Anchorage, Alaska, and Copenhagen, Denmark (Eisenberg et al., 1975). The 344 passengers were served a breakfast of ham and omelette (prepared in Anchorage) during their flight to Copenhagen. Passengers began experiencing symptoms of vomiting and diarrhea shortly before they arrived in Copenhagen and about 1 h after the breakfast was served. One-hundred and ninety-six (57%) of the 344 passengers and one steward became ill, with 143 needing hospitalization in Copenhagen. About half of these patients had temperatures above 38°C; 14 had systolic blood pressure readings below 100 mm Hg; and 9 had bloody diarrhea. Two patients, previously in good health, had severe complications. A 52-year-old man developed shock and anuria, and a 64-year-old woman had a transitory cerebral ischemia with hemiparesis. The source of illness was the ham that was prepared by a cook who had lesions on his hand from which enterotoxigenic staphylococci were isolated. Enterotoxin was detected in the leftover ham. Only those who ate the ham handled by the cook with the lesions were ill (86%), whereas none of those who ate ham prepared by another cook became ill. The ham had been held at room temperature for about 6 hours during preparation of the meal and for another 8 hours in the plane’s galleys before being served, with an interval of 14½ hours at 10°C between the two periods at room temperature.

This outbreak and two others (CDC, 1973c, 1976c) that occurred on airplanes are of considerable concern. It cannot be overemphasized that foods for airplane passengers be prepared under careful supervision as an outbreak during a long-distance flight could be a serious matter. Food for the airlines is prepared in many cities around the world, some in countries where little attention is paid to proper handling of foods. Problems are more apt to arise in the developing countries where little attention is paid to staphylococcal food poisoning. This type of food poisoning is of greater concern than other types of food poisoning on planes because of its short incubation period. Only by chance did the cockpit crew on the Japanese flight eat a different meal from that served the passengers. It is urged that individual members of a cockpit crew each eat a different meal prepared by different cooks.




2. Trains

The illness of about 200 passengers on an excursion train traveling through Kentucky, Tennessee, and North and South Carolina was traced to box lunches served during a stop at a restaurant in Tennessee (CDC, 1976a). At least 55 victims were hospitalized. At various stages during preparation, the hams had been stored in a walk-in refrigerator which at one point registered a temperature of 57°F. Staphylococci of one phage type that produced SEA were isolated from ham samples, a stool specimen, and a fingernail culture from a food handler. Ham samples contained SEA.




3. Cruise Ships

Cream pastries served at two separate meals were the suspected vehicle in an outbreak of staphylococcal food poisoning aboard a Caribbean cruise ship sailing from a U.S. port (CDC, 1983). Food histories implicated the pastries served at both meals. No pastries from these meals were available for culturing, but S. aureus phage type 85/+ was isolated from patients’ stools and from a perirectal swab, a culture from the anterior nares, and a swab of a forearm lesion from three of seven crew members who had prepared the pastry. No deficiencies in food handling were revealed in an investigation of the ship’s pastry kitchen.






E. Commercial Foods


1. Canned Foods

There have been several food-poisoning outbreaks following the consumption of canned foods of various kinds. Most frequently, the problem arises from larger cans that have defective seams, which allows the staphylococci to enter the cans during the cooling process. Sometimes the enterotoxin is present in the food at the time of the canning operation and is not completely destroyed during the processing. This appeared to be the case in some of the cans of mushrooms from China (CDC, 1989).

A series of outbreaks occurred in 1979 in four different countries from canned corned beef processed in five different countries. Most of the cases occurred in England from corned beef canned in Brazil (Mansfield et al., 1983) with a few cases from corned beef from Argentina and Malta (Communicable Disease Surveillance Centre, 1979a, 1979b). One outbreak occurred in Virginia from Argentinean corned beef (Anon., 1979) and another outbreak in Canada reportedly due to corned beef from Australia. The other outbreak was in France from corned beef processed in Europe. Most of the outbreaks were linked to corned beef packaged in 6-lb cans; faulty seams which allowed staphylococci to enter the cans during the cooling process apparently were the cause of the problem (Mansfield et al., 1983). SEA-producing staphylococci were isolated from the corned beef processed in Brazil, Argentina, and Malta. No staphylococci could be isolated from the European corned beef, but SEA and TNase were detected in the corned beef. Two other outbreaks of staphylococcal food poisoning occurring in Great Britain during 1973 were traced to commercially canned rice pudding and salmon (Anon., 1973).




2. Bakery Foods

An outbreak occurred from eating chocolate eclairs and “Boston Creme Pie” made by the same bakery in Ohio. Staphylococcal isolates from these food items were of the same phage type, and all produced SEA A culture from one of the food handlers was of the same phage type but was negative for enterotoxin. This shows that not all cultures of the same phage type are identical. The food items involved stood at room temperature for several hours, again showing the importance of refrigeration.








IV. PREVENTION


A. Refrigeration

The only satisfactory control of staphylococcal food poisoning is refrigeration of susceptible foods except when they are being prepared and during serving. The lower the temperature, the slower the growth of the staphylococci, with little or no growth at refrigeration temperatures. An excellent example of the effect of refrigeration is the outbreak from cream-filled coffee cake that occurred in Wisconsin in 1970. Approximately 50 people became ill after eating the cake with different degrees of symptoms, depending on the length of time the cake stood unrefrigerated before being eaten. The cakes were made by a bakery and delivered to several stores at 5:30 a.m. on a warm Saturday morning; the cakes were not refrigerated at the stores. Purchases were made all day Saturday and on Sunday morning. Many who bought the cakes on Saturday did not eat them until Sunday morning, but in most cases the cakes were refrigerated by the purchasers. One family who bought a cake relatively early on Saturday morning and refrigerated it but did not eat it until Sunday morning did not become ill. No one who ate cakes purchased at the bakery became ill because the cakes were refrigerated at the bakery. The source of the staphylococci was from the throat of the food handler who had placed the cream filling into the cakes with his hands. The organisms isolated from his throat and the cakes produced SEE; not many staphylococci produce this enterotoxin, and its involvement in food poisoning is rare.

Some of the largest outbreaks of staphylococcal food poisoning have occurred at picnics, a number of these from baked ham sandwiches. This food item is an excellent medium for growth of staphylococci, which is not always appreciated because it is a cooked food. However, if the ham is recontaminated after the baking as was the case in the Ohio picnic outbreak, the results could be tragic. Providing refrigeration for such a large quantity of food is difficult at a large picnic and normally the food will be at the picnic for a number of hours before being consumed. In cases such as this, every effort should be made to provide refrigeration for the food at the picnic grounds or not transport it to the grounds until shortly before it is to be served.

One error that is frequently made is to place the food in large containers to conserve space before it is placed in the refrigerator. Under these conditions, cooling is very slow and allows sufficient time for the staphylococci to grow and produce enterotoxin. A staphylococcal food poisoning outbreak, in which 104 of 231 inmates in a county jail in New York became ill, resulted from macaroni salad being inadequately refrigerated (CDC, 1979c). The macaroni salad had been prepared the day before it was served and had been stored overnight in 2 large, deep containers in a walk-in cooler. Isolation of over 107 staphylococci/g from the macaroni salad indicated inadequate cooling.




B. Food-Handling Practices

In the jail outbreak it was ascertained that the food was prepared by inmates who were inadequately trained and not well supervised (CDC, 1979c). Many food-poisoning outbreaks are a result of inadequate training and supervision of the individuals preparing the food. The major conclusion from both the First and Second National Conferences for Food Protection held in Denver, Colorado, in 1971 and in Washington, D.C., in 1984 was the need for educating the food handler as well as the consumer on food safety. Unfortunately, very little has been done in this area.




C. Food Handlers’ Infections

One method for preventing staphylococcal food-poisoning outbreaks is to prohibit food handlers with infections from handling foods. In some countries food handlers who are staphylococcal carriers are not allowed to handle foods as long as they are carriers. In England an assistant cook who carried the same staphylococcal organism in her nose as the one isolated from lemon snow pudding (Communicable Disease Surveillance Centre, 1978) involved in the illness of six adults and 101 children in a primary school was excluded from work until the organisms were eradicated by treatment with gentamicin cream. The pudding contained large numbers of staphylococci, 1.5 × 10%, that produced SEA and SED, as did the staphylococci isolated from the nose of the assistant cook. Although it was feasible to exclude the cook in this case, usually it is difficult to bar workers who are carriers of staphylococci in their noses or throats from handling foods because approximately 50% of the population are carriers. On the other hand, food handlers with any type of infection should not be permitted to handle foods, particularly if the food is for mass feeding. The only viable solution to this problem is proper refrigeration of vulnerable foods between preparation and consumption.
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I. INTRODUCTION

Salmonellae are widely distributed in nature and are frequently associated with both wild and domestic animals. Present technology and processing methods do not result in raw beef, pork, poultry, seafood, eggs, or vegetables that are assured of being free of salmonellae. In this chapter, we will discuss Salmonella in eggs. This will include a discussion of Salmonella enteritidis and the table egg, which have received so much publicity since 1988. In addition, this chapter will discuss Salmonella contamination of fertile hatching eggs and the impact of that on the contamination of raw poultry meat.




II. HISTORY AND EPIDEMIOLOGY OF EGGBORNE SALMONELLA ENTERITIDIS INFECTIONS


A. United States

Egg-associated outbreaks of salmonellosis, generally attributed to either bulk egg products or cracked shell eggs, occurred frequently before enactment of the 1970 Egg Products Inspection Act (Philbrook et al., 1960; Sanders et al., 1963). Considerably fewer egg-associated salmonellosis outbreaks were reported after implementation of this legislation, which mandated the pasteurization of all bulk egg products and instituted federally supervised inspection to eliminate the retail sale of cracked shell eggs (Cohen and Blake, 1977).

In 1987, the Centers for Disease Control (CDC) presented evidence of a fivefold increase in the isolation rate of Salmonella enteritidis (SE) in the northeastern and middle Atlantic states between 1976 and 1985, whereas the isolation rate for all other serotypes increased by a factor of only 1.7. By 1985, SE had replaced S. typhimurium as the most commonly isolated serotype in several states in that region (CDC, 1987a). In 1989, 20% of all Salmonella isolations from humans in the United States were SE, surpassed only by S. typhimurium (CDC, 1990b).

The geographic range of involvement in the SE problem has been continually expanding. By 1987, an increase in reported SE isolations was evident in the south Atlantic states (CDC, 1988). Between 1985 and 1989, SE outbreaks were reported in 17 states and territories (Madden, 1990), and the proportion of SE outbreaks occurring outside the northeastern and middle Atlantic states rose from 5 to 43% (CDC, 1990a).

Another CDC investigation indicated that at least 6 of 10 northeastern SE outbreaks during 1986–87 for which a vehicle of transmission was identified could be linked directly to the consumption of raw or undercooked eggs (CDC, 1987b). The overall percentage of Salmonella outbreaks in the United States with known vehicles of transmission that were associated with eggs increased from less than 5% to more than 15% between 1973 and 1987 (Bean and Griffin, 1990). From 1985 to 1989, 244 SE outbreaks involved 8607 illnesses and 44 deaths (CDC, 1990b). Of 109 SE outbreaks during this period for which a food source was implicated, 89 (82%) were attributed to eggs. During the first 10 months of 1990 there were 49 SE outbreaks with 1646 cases (CDC, 1990b).

A highly publicized 1988 paper written by CDC epidemiologists (St. Louis et al., 1988) reported that, of 35 SE outbreaks in the northeast between 1985 and 1987 for which a food vehicle was identified, 27 (72%) were associated with foods consisting of or containing Grade A shell eggs. SE, moreover, was recovered in environmental samples from farms implicated in producing contaminated eggs. Furthermore, 10% of samples of bulk raw eggs from the Northeast (but none from other regions) were found to contain SE. Between 1973 and 1984, 44% of the human SE outbreaks were determined to be egg-associated, as contrasted with only 15% of the outbreaks caused by other serotypes (St. Louis et al., 1988).

A 1987 nosocomial outbreak at a New York hospital, traced to the use of raw eggs in the preparation of mayonnaise (Telzak et al., 1990), was illustrative of the epidemiology of eggborne SE infections. Phage type 8 SE was isolated from patients, pooled samples of implicated eggs, and a large percentage of ovaries of spent hens from the implicated flock. The percentage of egg-associated foodborne disease outbreaks ascribed to commercial or institutional establishments increased from 67% in 1973–75 to 100% in 1985–87 (Bean and Griffin, 1990).

The incidence of SE outbreaks (1973–87) has been particularly high in the warm summer months, when the opportunity for bacterial multiplication during handling, storage, and use is greatest (CDC, 1988). Some outbreaks, nevertheless, have been associated with no apparent breakdowns in proper food-handling techniques (CDC, 1988), and foods with as few as one raw egg have been implicated (CDC, 1990a). Even healthy adults have been infected with fatal consequences (CDC, 1990a).

The official response to the SE crisis has included a U.S. Department of Agriculture (USDA) testing program to identify infected poultry houses or flocks and to restrict eggs from these chickens for use only in pasteurized or boiled egg products (USDA 1991). In addition, the Food and Drug Administration (FDA) has classified eggs as a “potentially hazardous food” and provided recommendations that eggs be properly refrigerated, not used raw or pooled for holding, and cooked and held at adequate temperatures.




B. United Kingdom

In recent years, SE infections have reached epidemic proportions in the United Kingdom, with human isolations in England and Wales jumping from 2071 in 1981 to 6858 in 1987 (Coyle et al., 1988). In 1988, public health officials reported a high correlation between phage type 4 SE infections and the consumption of foods containing shell eggs in four Welsh outbreaks (Coyle et al., 1988). Examination of data from 160 cases of phage type 4 SE in England, during a 2-month period in 1988, revealed that infected individuals were significantly more likely to have eaten foods containing raw or lightly cooked eggs than were uninfected control subjects (Cowden et al., 1989b). An SE outbreak in the United Kingdom that affected 173 people, some of whom became ill after an incubation period of less than 3 hours, was traced to eggs imported from Denmark (Stevens et al., 1989). In two SE outbreaks, one involving homemade ice cream and the other involving a dessert prepared by hotel cooks using raw egg white and lightly cooked yolk, phage type 4 SE was isolated from environmental samples taken from both farms responsible for producing the implicated eggs (Cowden et al., 1989a).

By 1988, eggs had become the most common source of Salmonella food-poisoning outbreaks reported to the U.K. Public Health Laboratory Service in which a food vehicle was identified (Bartlett et al., 1989). Eggs have also emerged as a principal source of salmonellosis in Western Europe (Perales and Audicana, 1989). Only 4% of the Salmonella isolates identified by the Division of Enteric Pathogens in the United Kingdom in 1981 were phage type 4 SE, but by 1988 this figure had risen to 46% (Bartlett et al., 1989). Nearly all (81%) of the SE isolates in the United Kingdom have been phage type 4 (Bartlett et al., 1989). In the United States, on the other hand, a variety of phage types (including 8, 13a, and 14b) have been involved and phage type 4 has not been epidemiologically important. Recent egg-associated outbreaks involving several S. typhimurium phage types have also been reported in the United Kingdom (Chapman et al., 1988; Mitchell et al., 1989).

A remark by a Deputy Health Minister that most eggs in the United Kingdom were contaminated with Salmonella had a devastating effect on the British egg industry as egg sales plummeted (Phelps, 1988). Broiler chickens in the United Kingdom were also shown to be infected with SE. In one survey, phage type 4 SE was isolated from 58% of broiler carcasses condemned because of gross signs of pericarditis and from 40% of fresh chilled chickens on retail sale (Rampling et al., 1989). As in the United States, efforts to control SE in the United Kingdom have relied on testing poultry to detect SE infections, with the subsequent elimination of infected birds. Recommendations regarding proper refrigeration and cooking of eggs have also been issued to protect consumers (Humphrey, 1990b).






III. IDENTIFICATION AND DIFFERENTIATION OF S. ENTERITIDIS

Explaining the high rate of isolation of SE in recent years and the frequent association of some SE strains with eggs requires an understanding of the attributes that distinguish epidemiologically important strains from other SE strains and from other serotypes. More than 2000 Salmonella serotypes have been identified, each characterized by a unique set of expressed somatic and flagellar antigens. Salmonella serotype enteritidis, based on somatic (O) antigen composition, is classified as a member of group D (Krieg and Holt, 1984). This group also includes S. gallinarum and S. pullorum, host-adapted serotypes that cause vertically transmissible systemic diseases in poultry (Pomeroy, 1984; Snoeyenbos, 1984). Unlike S. pullorum and S. gallinarum, however, SE is a motile organism and cannot be differentiated from other paratyphoid serotypes by any unique biochemical reactions (Ewing, 1986).

Phage typing, based on susceptibility to lysis by particular combinations of bacteriophages, has been useful for establishing epidemiological relationships in the United Kingdom and Western Europe, where most outbreaks have been caused by phage type 4 (Bartlett et al., 1989). An explanation for the prevalence of this single phage type is not yet available, although phage type 4 has been observed to be more invasive for chicks than phage types 7, 8, or 13a (Hinton et al., 1990). Loss of the ability of strains of phage type 4 to synthesize lipopolysaccharide was found to both alter the phage type (to 7) and reduce the virulence of the strain for mice (Chart et al., 1989a).

In the United States, no single phage type has been responsible for a preponderance of the outbreaks, although phage types 8, 13a, 14b, and 23 have been isolated most often. Phage typing was valuable for establishing an epidemiological linkage between SE isolates from patients, eggs, and laying hens in a 1987 hospital outbreak (Telzak et al., 1990).

The phage types of SE strains can be influenced, in some instances, by the presence of plasmids. Acquisition of certain drug-resistance plasmids, for example, was observed to convert a phage type 4 SE strain to phage type 24 (Frost et al., 1989). In a recent outbreak in a hospital in the Central African Republic, SE isolates were distinguished from U.S. and European isolates by extensive drug resistance and a unique phage susceptibility pattern (Georges-Courbot et al., 1990).

Plasmids have been evaluated as potential sources of virulence factors responsible for the eggborne transmission of some SE strains. Specific plasmids have been associated with virulence properties of several Salmonella serotypes (Helmuth et al., 1985; Poppe and Gyles, 1987). Full expression of virulence for mice by phage type 4 SE has been found to depend on the possession of a 38-megadalton plasmid (Chart et al., 1989b). Plasmid profiles have also been useful as markers for determining epidemiological relationships of SE isolates (Sorum et al., 1990; Telzak et al., 1990). A comparison of the differentiation of SE strains by plasmid profile typing and phage typing showed that greater discrimination was obtained by phage typing, but that plasmid profiles provided a useful adjunct (Threlfall et al., 1989).




IV. S. ENTERITIDIS INFECTIONS OF CHICKENS


A. Pathogenesis and Consequences

A thorough understanding of the dynamics of SE infections in poultry is essential to the formulation of an effective strategy to interrupt the eggborne transmission of SE from laying hens to human consumers. Salmonellae cause disease by colonizing and invading the intestinal epithelium. In some cases, Salmonella penetration through the intestinal mucosa to the bloodstream is followed by widespread dissemination and systemic disease. SE is an invasive serotype in chicks (Popiel and Turnbull, 1985), but has not exhibited a level of pathogenicity for chicks that is markedly different from that of other paratyphoid Salmonella serotypes (Henderson et al., 1960). Chicks can be readily infected, involving both intestinal colonization and invasion to reach internal tissues such as the liver, with SE from contaminated feed (Hinton et al., 1989). Variations in the ability to invade to the livers of young chicks have been observed between phage types of SE, with phage type 4 doing so more frequently than phage types 7, 8, or 13a (Hinton et al., 1990).

Experimental infections of adult hens with some SE strains have led to intestinal colonization that persisted for several months (Gast and Beard, 1990a), although in studies with other SE strains the duration of fecal shedding has been considerably shorter (Shivaprasad et al., 1990). In one study, intravenously infected birds shed SE for a longer period than did orally infected birds (Shivaprasad et al., 1990).

S. pullorum and S. gallinarum are host-adapted serotypes that cause systemic diseases in chickens involving dissemination to numerous internal tissues, including the ovary. Both diseases have been responsible for substantial morbidity and mortality losses to the poultry industry (Pomeroy, 1984; Snoeyenbos, 1984). Other (paratyphoid) serotypes, in contrast, have generally been found to lack consequential invasive ability in adult chickens (Cox et al., 1973). In a few instances, however, several paratyphoid serotypes (including SE) have been isolated from the peritoneum and ovary of mature chickens (Snoeyenbos et al., 1969).

In the United Kingdom, phage type 4 SE has been isolated from the ovaries of commercial laying hens (Hopper and Mawer, 1988), broiler breeders (Lister, 1988), and broilers (Rampling et al., 1989). Experimental infection of hens with phage type 4 SE by oral inoculation has confirmed that SE can reach a wide range of target organs (Timoney et al., 1989; Humphrey et al., 1989a). In the United States, experimental infections with phage types 8 and 13a have also resulted in dissemination of SE to a number of internal organs, including the liver, spleen, heart blood, ovary, oviduct, and peritoneum (Gast and Beard, 1990c; Shivaprasad et al., 1990). SE has been isolated from the internal organs of experimentally infected hens for as long as 22 weeks postinoculation (Gast and Beard, 1990c).

The isolation of SE from the organs of chickens is playing an important epidemiological role as an indicator that a flock is infected with an invasive strain of SE. In the testing program administered by the USDA, for example, final confirmation that a flock is indeed SE-positive is based on the results of organ culturing (USDA, 1991). Among 555 ovaries of spent hens from a flock implicated as responsible for a New York SE outbreak, 383 (69%) were found to be positive for group D Salmonella (Telzak et al., 1990).

The effects of SE infection on the overall rate of egg production by infected hens have varied with different SE strains. Large doses of some SE strains have significantly reduced the total egg production of experimentally infected hens (Gast and Beard, 1990a; Shivaprasad et al., 1990), whereas other SE strains have not demonstrably affected the egg production of infected hens (Timoney et al., 1989).




B. Detection

Thorough implementation of programs to reduce the spread of SE into poultry flocks from feed, equipment, pests, other flocks, and human workers is essential for controlling the incidence of SE in chickens (McIlroy et al., 1989). Reducing the eggborne transmission of SE to humans, however, additionally requires efficient and accurate detection of infected poultry flocks (O’Brien, 1990). Both bacteriological and serological approaches to SE detection have been investigated and applied.

Cloacal swabs do not consistently identify SE-infected birds, and thus do not reliably detect positive flocks (Cooper et al., 1989; Shivaprasad et al., 1990). Persistent fecal shedding of SE by infected birds (Gast and Beard, 1990a), however, suggests that bacteriological monitoring of the environment should be a sensitive indicator of the status of a flock. The USDA testing program, accordingly, relies principally on environmental testing for SE by a drag-swab technique (Mallinson et al., 1989) as a primary screening method, with organ culturing providing the final confirmation that a flock is infected (USDA, 1991).

The SE testing program also makes use of serological testing as an adjunct screening method (USDA, 1991). Serological detection of specific circulating antibodies was very useful in identifying infected birds as part of the control program implemented to eradicate S. pullorum in chickens (Snoeyenbos, 1984). Information regarding the serological response to SE, however, has not incontrovertibly established the usefulness of this approach for detecting SE-infected flocks.

Paratyphoid Salmonella infections, often involving minimal invasion and no systemic disease phase, can generally be detected serologically only by highly sensitive tests such as the microantiglobulin assay (Williams and Whittemore, 1979). Humphrey et al. (1989a) found no anti-SE antibodies in sera from experimentally infected hens, a few of which produced contaminated eggs. Cooper et al. (1989) observed, in a study of flocks with a history of natural SE infection, that antibodies could be consistently detected only by highly sensitive ELISA and microantiglobulin tests and that the presence of antibodies in particular birds did not correlate well with the isolation of SE from internal organs.

Hopper and Mawer (1988), on the other hand, reported that the presence of antibodies in the blood correlated strongly with subsequent postmortem isolation of SE from internal organs. Chart et al. (1990a) detected antibodies to SE lipopolysaccharide in a high percentage of serum samples from chickens in two naturally infected flocks. An ELISA assay using SE Upopolysaccharide as the antigen, however, identified infected birds less effectively than a whole blood agglutination assay (Chart et al., 1990b). Both agglutination and ELISA assays have detected significant antibody levels in flocks that are culture-negative for SE (Chart et al., 1990b). In experimentally infected hens, SE antigens were found to be more sensitive than commercially available S. pullorum antigens (another group D serotype) in rapid serum plate tests. Antibodies were detected in orally, intravenously, and intracloacally infected hens (Shivaprasad et al., 1990). Gast and Beard (1990b) experimentally infected hens of three different ages with large doses of SE. Plate, tube, and microplate agglutination tests all detected antibodies in a high percentage of inoculated hens, with antibody titers peaking within 2 weeks postinoculation and remaining at detectable levels for at least 10 weeks. Variations in antigen sensitivity were observed between antigens made from different SE strains, and between commercially prepared S. pullorum antigens. Hens horizontally infected by contact transmission of SE also gradually became seropositive.

The need to enter poultry houses to collect blood samples, potentially compromising biosecurity and stressing the birds, can be avoided by taking advantage of maternal antibodies that are deposited in the yolk of eggs. Detectable antibodies to SE have been found in egg yolk by ELISA (Dadrast et al., 1990) and microantiglobulin (Gast and Beard, 1991) methods.

The immunological response to SE may also offer opportunities for developing vaccines to protect birds against infection. Early results have shown that vaccines may have some potential for reducing the incidence of SE infections and the frequency of production of contaminated eggs in exposed flocks (Barrow et al., 1990; Cooper et al., 1990; Timms et al., 1990).






V. S. ENTERITIDIS IN EGGS


A. Production of Contaminated Eggs

Egg-associated salmonellosis outbreaks have occurred sporadically in the past in association with serotypes other than SE (Blaser et al., 1981) and in some instances have been traced to infected laying flocks (Philbrook et al., 1960). The mechanisms by which eggs become contaminated have always been the subject of considerable debate. Differentiation of transovarian contamination of egg contents before oviposition from penetration of Salmonella through the shell after the egg is laid is not easily accomplished. For one thing, gaining access to the egg contents for sampling without contamination by the shell is logistically complicated (Board, 1966). Penetration of the shell by Salmonella, furthermore, can occur very rapidly (Williams et al., 1968), even in the absence of a high moisture level (Padron, 1990).

Even before the 1970 Egg Products Inspection Act eliminated cracked and dirty eggs from the table egg market, the numbers of Salmonella that could be found in the contents of eggs was not especially high (Garibaldi et al., 1969). A survey of egg shells in 1980 found only 0.2% to be contaminated by Salmonella (Baker et al., 1980b).

Information gained from experimentally infected hens has not clearly identified any particular mechanism of contamination of eggs. When pullets were inoculated with six Salmonella serotypes, salmonellae were recovered from feces and shells, but not from the contents, of 1728 eggs (Mundt and Tugwell, 1958). In another experiment, no Salmonella were recovered from either the shells or contents of eggs laid by hens orally inoculated with S. typhimurium (Baker et al., 1980a). Forsythe et al. (1967) observed that even direct ovarian inoculation with S. anatum did not result in the production of contaminated eggs, although egg contamination did result after hens were inoculated with S. pullorum. Gordon and Tucker (1965), on the other hand, found that S. menston could be recovered from both the eggs and hatched chicks of infected hens.

Hopper and Mawer (1988) reported that phage type 4 SE was present in small numbers in some yolks and albumens produced by systemically infected laying hens. Mawer et al. (1989) found SE in the yolks or albumens of only 5 of 360 (1.4%) eggs from an implicated small flock in the United Kingdom. In contrast, Paul and Batchelor (1988) recovered SE from the contents of 5 of 10 eggs from another implicated British flock. Humphrey et al. (1989b) sampled 1119 eggs from two small naturally infected flocks in the United Kingdom and determined that only 11 (1%) had SE-contaminated contents. Contaminated eggs were produced by less than one third of these hens and the production of contaminated eggs was observed to occur in intermittent clusters.

Experimental infections have yielded similarly equivocal results, although valuable information about the dynamics of production of SE-contaminated eggs has been gained. Humphrey et al. (1989a) challenged 52-week-old hens with an oral inoculation of phage type 4 SE and observed that none of 255 eggs contained SE. A similar challenge of 18-week-old hens resulted in 4 of 375 (1%) of the eggs containing SE in the contents during a period of more than 3 months after inoculation. In another study involving experimental phage type 4 infections, SE was found in the contents of up to 15% of the yolks or albumens produced on particular days during the first 2 weeks postinoculation (Timoney et al., 1989). Shivaprasad et al. (1990) observed that hens infected with two of the three phage type 8 SE strains laid eggs with contaminated contents. When birds were orally inoculated with one of these strains, 3% of the eggs produced during the first 42 days postinoculation had contaminated contents and about 1% had contaminated shells; no contaminated eggs were detected after 14 days postinoculation.

Gast and Beard (1990a) infected hens of three age groups with a phage type 13a SE strain and sampled 845 eggs. Contaminated eggs were produced at a relatively high frequency, by both orally inoculated and horizontally contact-exposed hens, for a short period after exposure (up to 23 days postinoculation). SE was recovered from both whole yolks and albumens, but not from the contents of the yolks (free of yolk membrane). Far fewer shells were SE-contaminated, none after 12 days postinoculation, suggesting that shell penetration was unlikely to have been exclusively responsible for SE contamination of the egg contents.




B. Growth of S. enteritidis in Contaminated Eggs

Although very little definitive information is available, most evidence at the present time indicates that the numbers of SE in contaminated eggs are generally quite small. Gast and Beard (1990a) observed an increase in the frequency of recovery of SE from the contents of eggs laid by experimentally infected hens when the samples were incubated for 48 hours instead of 24 hours, indirectly suggesting that the initial levels of contamination were very low. Sampling eggs from naturally infected flocks similarly indicated that all contaminated eggs contained fewer than 10 SE cells (Humphrey et al., 1989b). Highly sensitive ELISA assays might be useful for detecting such small Salmonella numbers (Lee et al., 1989).

Any increase from this initially low level of contamination, as a result of bacterial multiplication during storage, is heavily dependent on temperature. Kim et al. (1989) artificially contaminated eggs by injection of SE into the albumen. When the egg contents were cultured after incubation at 4°C, a minimal increase in the number of SE was observed, whereas the extent of multiplication of SE during storage increased as the storage temperature rose above 4°C. Bradshaw et al. (1990) noted that the generation time of SE inoculated into egg yolk increased from 25 minutes at 37°C to 3.5 hours at 15.5°C, and growth ceased altogether at 7°C. Humphrey (1990a) inoculated SE phage types 4, 8, and 13a into egg yolks and observed no growth at 8°C, slow or no growth at 10°C, and relatively rapid growth at 12°C or above. In albumen, however, no growth was observed at any temperature. Baker (1990) likewise noted that SE strains survived and grew in yolk, but survived only a few days in albumen. Antibacterial components, including lysozyme and ovotransferrin, may make albumen an unsatisfactory medium for supporting extensive bacterial growth (Stadelman and Cotterill, 1986). Specific antibodies in yolk, however, have not been observed to have any inhibitory effects on the growth of SE (Bradshaw et al., 1990).




C. Eliminating S. enteritidis from Eggs and Egg Products

The effectiveness of various methods of destroying SE in eggs and egg products has become a topic of increasing importance to public health authorities and the egg industry.
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1949 369 9,043 1974 456 15,489
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1959 225 10,595 1984 543 16,420
1960 184 7,434 1985 495 81,079
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