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Susceptibility generally is defined as the inability of
the host's body to prevent or overcome invasion by path-
ogenic microorganisms. The physiologic basis for resis-
tance resides in the defense mechanisms that decrease
susceptibility, These factors are categorized into 3 broad
groups: 1) nonspecific mechanical and chemical factors
such as the epithelial mucosal lining of the gastroin-
testinal tract, 2) an army of defensive cells, including
lympbocytes and neutrophils, and 8) antibodies that pro-
vide specific immunity.

Resistance to infection by foodborne pathogens within
the population of consumers varies, such that some sub-
groups are at a low risk of illness (and a very low risk of
serious illness or death), most are at a moderate risk of
illness (and a low risk of serious illness or death), and
still others are at high risk of illness (and a moderate
risk of serious illness or death) when exposed to the
same level of pathogens in the same food vehicle. The
shape of the distribution and the scale are determined by
characteristics of the population, microorganism, food,
and process.

As stated in the CAST document Foodborne
Pathogens: Risks and Consequences,' the GI tract serves
as the first line of defense against the actions of poten-
tial foodborne pathogenic microorganisms. To cause ill-
ness, these microorganisms first must be present in the
food ingested by the host, and second must be able to
overcome the host’s defense mechanisms. Chapter 3 of
Foodborne Pathogens: Risks and Comsequences is a
clear, concise description of body defenses and what hap-

pens when these barriers are breached. 1 will follow the
logic flow of that document in this presentation to facil-
itate the combined use of these two information sources.

THE STOMACH

Because of the hydrochloric acid produced by parietal
cells in the stomach, gastric juices of the healthy adult
normally are quite acidic with a pH of less than 2.! Low
gastric pH is an important defense against ingested
pathogens in foods because most foodborne pathogens
are pH labile.? Anything that increases the stomach's pH,
like the buffering effect of some foods or antacids or
decreased production of gastric acid in response to drugs
or disease, will increase the risk of sufficient numbers of
pathogens surviving the stomach and entering the friend-
lier environment of the small intestine.

Basal gastric acid output is low at birth (and even
lower in preterm infants), but generally reaches adult
levels by 1 month of age.*! With advancing age, however,
an overall decline in gastric acid output occurs, probably
due to a reduction in parietal cell mass.! The incidence
of achlorhydria reaches a prevalence of 30% in those over
the age of 60 years. This is important because achlorhy-
dria decreases the number of ingested pathogens like
Salmonella necessary to cause infection.® Age greater
than 60 years has an effect similar to that of antacid use
on increasing the rate of salmonellosis.® Persons with
diabetes mellitus appear to have lower basal and lower
augmented acid secretion than do euglycemic persons;




thus, they assume a level of risk of foodborne disease
similar to that of the elderly population at an earlier
age.” Chronic atrophic gastritis is a fairly common com-
plication of diabetes. Therefore, on the basis of gastric
pH, one would expect infants less than 1 month old, per-
sons with diabetes or other disorders that lower parietal
cell output, and adults more than 60 years old to be at
increased risk of foodborne disease.

GENERAL IMMUNOLOGY AND THE
INTESTINAL IMMUNE SYSTEM

The gastrointestinal tract is a unique and complex
immunologic organ.>® Gut-associated lymphoid tissue
(GALT) consists of aggregated lymphoid cells in Peyer’s

patches and nodules, and diffusely scattered lymphoid:

cells throughout the gastrointestinal tract. The M-cell
epithelial layer which overlies the lymphoid aggregates
binds to microbial antigens in the lumen of the gut,
transports them through the epithelial barrier, and pre-
sents them to the lymphoid cells below. There, several T-
cell subpopulations and T-cell derived growth and differ-
entiation factors induce proliferation and differentiation
of immature B-cells into plasma cells that produce
immunoglobulin A (IgA) and reside in the lamina propria
of the intestinal wall. Local production of IgA occurs
when these immunocompetent cells are stimulated by
contact with their specific antigen in the gut. Secretory
IgA neutralizes viruses and enterotoxins, prevents the
attachment of bacterial pathogens to intestinal cell sur-
faces, and inhibits bacterial motility.

The development of the immune system begins early
in fetal development, but children are not immunologi-
cally mature until puberty. Probably because of the lack
of intestinal microflora during fetal life, Peyer's patches
are small at birth, and later become larger and richer in
B-cells. Deficiencies of cell-mediated immune response
of infants are related to the immaturity of cellular inter-
actions, Neonates in general also have decreased B-cell
differentiation and reduced immunoglobulin production.?
The concentration of IgA in saliva, stool, and serum of
infants is low.?

A noticeable decline in cell-medicated immunity
occurs between age 60 and 70 years.**'* Antibody produc-
tion also diminishes in the elderly, primarily because of
decreased helper T-cell activity, increased suppressor T-
cell activity, and other changes associated with the invo-
lution of the thymus. Peak antibody levels occur in child-
hood, declining by 50% by the age of 50 years and by 76%
by 90 years of age.

In 1980 approximately 256 million people in the United
States were over age 65. By 2020, this number is expect-
ed to double. Within this group, the most rapidly growing
segment is individuals over age 85. In 1980, about 2.3
million people were older than age 85; this number is
expected to triple by 2020 to about 7.3 million persons.
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Therefore, not only is the population as a whole aging,
but the “very old” population—that part of the popula-
tion that is at greatest risk of foodborne infections and of
severe illness and death is the most rapidly growing seg-
ment. By the year 2040, 22% (approximately 67 million
persons) of the population of the United States—and
everyone in this meeting who is still alive—will be aged
65 and over.

In addition to T-cell and B-cell lymphocytes, an ade-
quate number of properly functioning neutrophils also is
an important component of the resistance to foodborne
infections in the normal adult population. In premature
infants, neutrophils have decreased adherence and bac-
teriocidal function. Neutrophils in the elderly have
diminished chemotaxis and reduced intracellular killing
of microorganisms.® In addition, the elderly’s bone mar-
row produces fewer new neutrophils. Decreased neu-
trophil function becomes especially pronounced over 80
years of age, but occurs earlier in the elderly with debil-
itating conditions. The annual death rates in the United
States for septicemia is 22/100,000 in the 65-74 year age
group, 62/100,000 in the 75-84 year age group, and
160/100,000 for those at least 85 years old."
Atherosclerosis can decrease the blood supply of the GI
tract of the elderly, further decreasing the gut’s ability to
defend itself. Therefore, persons over 50 years of age
with atherosclerosis have a four-fold increase in risk of
invasive salmonellosis and other septicemic disease.’

Adherence of neuterophils to endothelium is an inte-
gral component of neuterophil function, and the recur-
rent severe bacterial infections that sometimes occur in
persons with diabetes is due in part, to defective
neuterophil adherence.”!' Low neuterophil counts (neu-
tropenia), as well as numbers of other granulocytes (ger-
anulocytopenia), are commonly seen in cancer patients
as a result of underlying disease chemotherapy radiation
therapy.'*? While disruption of immunity, the intestinal
mucosal lining, and the normal intestinal microflora also
increase the risk of foodborne infection in cancer
patients, the incidence of serious infections is most
closely linked to the degree and duration of neutropenia.

Approximately 1 million persons in the United States
are infected with HIV. Although the rapid upward trend
in AIDS incidence slowed in 1987, we continue to add
40,000 to 50,000 new HIV infections each year. Persons
infected by HIV are at increased risk of Salmonella gas-
troenteritis.'”” In addition, the epidemiology of
Salmonella bacteria in the United States has changed
since the onset of the HIV epidemic, with marked
increases in the proportion of isolates that are from
blood in states and demographic groups with the highest
AIDS incidence.**

Malnutrition has a broad range of deleterious effects
on nearly call of the host's defense mechanisms.®*?
Infectious diarrhea can cause malnutrition by decreasing
gut dwell time, promoting bacterial overgrowth, direct
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toxic effects, and by damaging villi and microvilli.
Malnutrition impairs cell-mediated immunity, but must
pe severe before it increases susceptibility to bacterial
colonization by decreasing production of IgA. Malnutri-
tion also decreases phagocytosis, chemotaxis, and bacte-
rial killing by neutrophils. In addition to the impact of
foodborne disease on nutritional status, some superanti-
gens like the enterotoxins of Staphylococcus aureus
stimulate suppressor T-cells in the gut, causing a general
decrease in GALT activity against foodborne bacteria.
Thus, foodborne disease itself can increase susceptibili-
ty to other foodborne infections.

RESIDENT INTESTINAL MICROFLORA

More than 400 species of bacteria live in the normal
adult human GI tract.! The normal resident intestinal
microflora protects against colonization by foodborne
pathogens by the elaboration of antimicrobial sub-
stances, production of inhibitory short-chain fatty acids,
and the creation of an unfavorable oxidation-reduction
potential.” The GI tract of a newborn is sterile at birth
and normally becomes colonized by bacteria within a few
days. By one year of age, the GI tract populations of
indigenous microorganisms have reach adult levels. With
time, however, fecal microflora change, and older per-
sons have smaller populations of intestinal anaerobic
lactobacilli and larger numbers of coliforms and fungi
than younger persons.

Events that alter the resident microflora can increase
susceptibility to infectious foodborne disease. For exam-
ple, taking penicillin-derivative antimicrobial drugs in
the month before exposure to Salmonella increases the
risk of salmonellosis caused by multiple-drug resistant
Salmonella.® Colonization of the intestinal tract by
potential pathogens in cancer patients is promoted by
reduced normal flora from administration of broad spec-
trum antimicrobial agents and other causes, and by
mucosal damage and narcotic-induced reduction in gut
motility.'” The disrupted mucosa, immunologic deficits,
and the cytotoxic effects on the intestinal epithelium of
transplanted T-cells in bone marrow recipients increase
the risk of systemic invasion by enteric pathogens.

INTESTINAL MUCUS AND MUCOSA

The gastrointestinal tract serves as an important
interface between ingested materials and the body’s
internal environment. In this critical position, the
intestinal surface serves as a major barrier to the entry
of noxious substances like bacteria, viruses, protozoa,
and their toxins.?

The mucosal surface is composed of mucus and a sin-
gle layer of epithelial cells, and acts as a physical barri-
er to the attachment, uptake, and penetration of
pathogens in the gut lumen. The small intestine has a
vast absorptive surface because of its length (20 feet
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long in the average adult), folds (plicae), and villi.!
Masses of tiny projections that extend from the villous
surfaces further expand the area of contact between the
mucosal surface and the contents of the lumen, and give
the absorptive epithelial cells a fuzzy appearance under
the microscope; this is called the brush border (or the
microvillus membrane), and is the location damaged by
attaching and effacing E. colt.

The mucous blanket overlying the epithelial cell layer
is formed by large glycoproteins produced by goblet cells
and mucous glands located in the mucosa.? The mucus
protects the mucosa from digestive enzymes and pene-
tration by microorganisms. It also acts as a binding
matrix for secretory IgA, countering the effects of normal
peristalsis. The composition of carbohydrate side chains
on glycoproteins and glycolipids in mucus and the brush
border may influence the specific adherence of bacteria
and their toxins, and adherence is a prerequisite to bac-
terial colonization and toxin production.® The carbohy-
drates of mucus are binding sites for bacteria and their
toxins, and intestinal mucus in infants has lower quanti-
ties of carbohydrate than mucus in adults. Nonsteroidal
anti-inflammatory drug use in adults can alter the com-
position of intestinal mucus and reduce its protective
effectiveness, In addition, some pathogens like
Campylobacler can penetrate intestinal mucus because
of their motility and can metabolize mucus as a source of
nutrition.

PERISTALTIC ACTION

Normal intestinal peristalsis is another important fac-
tor for limiting bacterial proliferation and overgrowth.’
Intestinal peristalsis serves as a defense mechanism of
the host by sweeping away foodborne pathogens and
their toxins. Duodenal peristalsis increases to adult lev-
els at approximately 2 months of age.® At the other end of
the age scale, reduced epithelial turnover and degenera-
tive changes in connective tissue and innervation reduce
the defensive efficiency of peristalsis in the elderly.’
Disturbances in gastric and intestinal motility also occur
in persons with diabetes and are thought to be secondary
to an autonomic neuropathy.” Reduced intestinal motility
and prolonged gastrointestinal transit time increase the
opportunity for foodborne pathogens to adhere to intesti-
nal epithelium and increase susceptibility to enteric
pathogens.

In summary, the body has a number of defenses that
protect us from pathogens in the foods we consume.
When these barriers are lowered by age, disease, or other
factors, or when they are simply overwhelmed by the
level of contamination or the virulence of the microor-
ganism, foodborne disease occurs. As the distribution of
population characteristics shifts toward a larger group of
highly susceptible consumers, the risk of foodborne dis-
ease will rise, This population is susceptible to a greater
range of microorganisms and becomes ill when exposed




to smaller doses. Because of the general decline in “herd
immunity” within the population, foodborne infections
have increased opportunity to spread person-to-person
after their introduction, making their public health
impact even greater.'®

Summing across all of the body’s defenses against
foodborne infections, everything works pretty well from
our first birthday until our fiftieth if we are otherwise
healthy and prudent. Our risk of foodborne illness is very
high at birth and drops rapidly during the first couple of
months. It starts to slowly rise around age 50 and reach-
es very high levels beyond 80 years. This roughly paral-
lels our observations on rates of Salmonella gastroen-
teritis by age, and we may be able to use salmonellosis as
a general predictor of consumer susceptibility.

Elderly persons are more vulnerable to sepsis than are
young people, and are at greater risk of death from such
infections. While the elderly as a group are at increased
risk of illness and death from foodborne infections, the
risk for the elderly who are also debilitated by other dis-
eases is especially high. In a study of foodborne disease
outbreaks in nursing homes, where the highest propor-
tion of debilitated elderly reside, Levine et al.'* found a
ten-fold higher case fatality rate for elderly patients in
institutions compared with non-institutionalized
patients. Approximately 5% of persons over the age of 65
years now live in nursing homes. Again, rates of invasive
salmonellosis may be a useful guide for the likelihood of
serious foodborne illnesses in the population that con-
sumes a food product of interest.

At the other end of the age scale, an increasing num-
ber of children in the United States are cared for in day
care centers, These children, whose immune response to
foodborne pathogens is curtailed by the immaturity of
their immune system and its lack of prior exposure to
foodborne pathogens, and whose gastric environment is
not as hostile to foodborne pathogens as an adult’s would
be, can rapidly spread from person to person pathogens
that were originally introduced on contaminated food.

Malnutrition, HIV infection, cancer, diabetes mellitus,
and other health problems that decrease the effective-
ness of one of these defensive factors keep people out of
the maximally protected phase longer and remove them
from it sooner. States of elevated risk may be age-related
or acquired secondary to various pathological states and
associated therapeutics. Progress in therapeutics, medi-
cine, and surgery have expanded the population of com-
promised persons who are at elevated risk for developing
infectious diseases. These immunocompromised con-
sumers become i1l when exposed to lower doses, are more
likely to suffer invasive disease, and are susceptible to
infection by opportunistic pathogens.t

54

REFERENCES

1.

10.

11

12.

13.

14,

15.

16.

Anonymous. Foodhorne Pathogens: Risks and Consequences. Council for
Agricultural Science and Technology. Task Force Report No. 122. Ames,
1994,

. Lenssen P, Cheney C. Enteral feeding of the immunocompromised patient,

In, J.L. Rombeau and M. D. Caldwell (eds). Enteral and Tube Feeding W.B,
Saunders Co. 1990. Philadelphia. 361-385.

. Israel E.J., Walker WA. Host defense development in gut and related disor-

ders. In, E. Lebenthal (ed), Tue Pediatric Clinics of North America:
Pediatric Gastroenterology I. W. B. Saunders Company. 1988. Philadelphia.
1-15.

. Nelson J.B., Castell D.O. Aging of the gastrointestinal system. In, W.R.

Hazzard, R. Andres, E.L. Bierman, and J.P. Blass (eds), Principles of
Ceriatric Medicine and Gerontology. McGraw-Hill, Inc. 1990. New York. 598-
608

. Fretwell M, Lipsky BA. Infectious agents: the compromised host. In, J.J.

Brehm and D. Mclvor (eds), Principles of Geriatric Medicine. McGraw-Hill,
Inc. 1985. New York. 477-481.

. Riley LW, Cohen ML, Seals JE et al. Importance of host factors in human sal-

monellosis caused by multiresistant strains of Salmonella. J Infect Dis
1984; 149: 878-883.

. Telzak E.E., Greenberg M.S.Z, Budnick L.D. et al. Diabetes mellitus—a

newly described risk factor for infection from Salmonella enteritidis. J
Infect Dis 1991; 164:538-541.

. Labro M.T. Host Defense and Infection. Marcel Dekker, Inc. 1994. New York.
. Phair J.P. Host defense in the aged. In, R.A. Gleckman and N.M. Gantz (eds),

Infections in the Elderly. Little, Brown and Company. 1983. Boston. 1-12.

Moritz D.J., Ostfeld A.M. The epidemiology and demography of aging. In, W.
R. Hazzard, R. Andres, E.L. Bierman, and J.P. Blass (eds), Principles of
Geriatric Medicine and Gerontology. McGraw-Hill, Inc, 1990, New York, 146-
156.

Andersen B., Goldsmith G.H., Spagnuolo P.J. Neutrophil adhesive dysfunc-
tion in diabetes mellitus: the role of cellular and plasma factors. J Lab Clin
Med 1988; 111:275-285.

Moe G.L. Low-microbial diets for patients with granulocytopenia. In, A.S.
Bloch (ed), Nutrition Management of the Cancer Patient. Aspen Publishing,
Inc. 1990. New York. 125-134.

Celum C.L., Chaisson R.E., Rutherford G.W., et al. Incidence of salmonellosis
in patients with AIDS. J Infect Dis 1987; 156:998-1002.

Levine W.C., Buehler J.W., Bean N.H., Tauxe R.V. Epidemiology of nonty-
phoidal Salmonella bacteremia during the human immunodeficiency virus
epidemic. J Infect Dis 1991; 164:81-87.

0'Connor W.T. Herd immunity and the HIV epidemic. Prevent Med 1991;
20:329-342.

Levine W.C., Smart J.F., Archer D.L. et al. Foodborne disease outbreaks in
nursing homes, 1975 through 1987. J Am Med Assoc 1991; 266:2105-2109.

XK




CHAPTER NINE

“Residue Avoidance”
in the Netherlands: An Overview

DR. C.C.J.M. VAN DER MELJS

Chief Veterinary Officer—The Netherlands
Ministry of Agriculture, Nature Management and Fisheries,

INTRODUCTION

[ am very pleased to have the opportunity to say a few
things at this International Congress of Meat Science
and Technology about residue avoidance in the
Netherlands.

I would like to explain the system of residue testing in
the Netherlands and to tell you something about the phi-
losophy behind the actual residue control programmes
which are the basis for future policy in the fast develop-
ing field of residue avoidance.

Residue control started as a public health item. Its
main aim was to analyse meat for the presence of dan-
gerous residues. It concerned compounds which had
been given intentionally to the animal, such as diethyl-
stilbestrol (DES). Later on the control programmes were
extended to all kinds of contaminants from the environ-
ment, such as DDT. These compounds often became part
of the product accidentally.

Today, residue control has a wider purpose. There is
an international tendency to ask for specific guarantees
concerning the livestock from which the meat is pro-
duced. For example, the Japanese want to buy pig-meat
provided that the meat comes from pigs, born and raised
under specific circumstances to do with the absence of
animal diseases, the use of specific medicines and a vari-
ety of residues.

A similar position applies to the consumer who wants
to buy meat from livestock that was fed in a certain way—
for instance, with a limited amount of feed additives or
without growth stimulators such as natural hormones.
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THE PRESENTATION

I will start this presentation with today’s practice of
residue checking programmes in the Netherlands.

Then with a view to risk-analysis, I will emphasize
that residue avoidance should not be a public health-
item only.

Next I'll give you my opinion about the necessity of
Integrated Quality Control to achieve a real, Integrated
Quality Assurance in the end. It’s the step from responsi-
bility to fill liability, based on certification of all farms
and plants involved. The system of Integrated Quality
Assurance will be the basis for a reliable system of
residue avoidance.

Finally I come to the conclusion that in today’s com-
plicated world only an integrated approach, based on the
flexible application of risk-analysis principles can lead
to a successful, affordable system of residue avoidance.

SCOPE OF THE ISSUE

Residue avoidance! What's in a name?

For myself, I prefer a broad definition of residues: I
would include all residues of veterinary drugs, pesti-
cides, forbidden substances, and environmental contam-
inants traceable in the living slaughter animal and pre-
sent in the meat or other matrices (urine, blood, etc.).
Doing so, I endorse the judicial system of EC-legislation
on this subject. (And I hope you don’t object.)






