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Introduction

* Bacterial foodborne illnesses fall generally
into two categories: intoxication and
infection.

¢ Foodborne pathogens=» multicellular

animal parasites, protozoa (5 4= &)%),
fungi, bacteria, viruses, and possibly prions

(R R M2 5 D).
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Foodborne 1llness and food
poisoning

* Foodborne illness (&5 4 %97%) and food
poisoning (&% 55), are often used
interchangeably by consumers.

¢+ Foodborne illness can be an infection or
intoxication (H155%) that results from eating food
contaminated with viable (live) microorganisms
or their toxins.

¢ Foodborne illness also includes allergic reactions
where foods act as a carrier of the allergen.
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¢ Qutbreak (KEZE4E): asudden rise in the incidence of
a disease <an outbreak of measles>
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The Fecal-Oral Transmission of
Foodborne Pathogens

¢ Fecal-Oral route =» primary route of
infection for the foodborne viruses and
enteropathogenic protozoa (J5 &) and
bacteria (Figure 22-2).

¢ Pathogens may be transmitted from
contaminated feces via the fingers of
unsanitary food handlers, by flying or
crawling insects, or from water.
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The contamination paths of the fecal-oral route are complex

HOST INVASION

In order to cause illness an intestinal
pathogen must

1. Survive passage through the extremely
acidic environment of the stomach.
— by the protective effect of food

— by the use of their adaptive acid tolerance
mechanisms (see Acid Tolerance below).




HOST INVASION

In order to cause illness an intestinal pathogen
must

2. Attach to or colonize the intestinal walls=>
increase in numbers.

—  The mucus (£5/%) layer that covers the
intestinal mucosa (ﬁﬂﬁ) => the first line of
defense encountered by enteric pathogens.

— Listeria monocytogenes ( ZZH45E )
overcomes the mucus barrier by removing
mucus through the aid of listeriolysin O
(LLO).

—  Clostridium perfringens ( & RACHEIEH )
does not need to attach to intestinal tissues.

HOST INVASION

In order to cause illness an intestinal
pathogen must

3. Possess the capacity to defend itself
against host defense mechanisms such
as gut-associated lymphoid tissue (i57&
FHERARESHAR, GALT).
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2 Pathogenic microorganisms and other antigens entering the
1 intestinal tract encounter macrophages, dendritic cells ({2
TAKHRE & — TR R LBV —FE 5 1K), B-
lymphocytes, and T-lymphocytes found in Peyer's patches .

ILCs: innate lymphoid cells, AMPs: anti-microbial peptides,
slgA: secretory IgA, M cells: microfold cells

HOST INVASION

In order to cause illness an intestinal
pathogen must

4. Compete with the large heterogeneous
microbiota of the gut.

— competitive exclusion of the harmless
biota=» once attached to all available sites
on the intestinal walls, will exclude
pathogens.

— The gastrointestinal tract is a low-O,
environment=» predominant organisms are
anaerobes.
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HOST INVASION

In order to cause illness an intestinal
pathogen must

5. Once attached=>» elaborate toxic
products (e.g., Vibrio choleraeZE gLyl &E
non-01) or cross the epithelial wall and
enter phagocytic or somatic cells (e.g.,
L. monocytogenes).

il

1 + Epithelium (_I- F74ff) is one of the four
basic types of animal tissue, along with
connective tissue, muscle tissue and
nervous tissue. Epithelium lines both the
outside (skin) and the inside cavities and
lumen of bodies.

1 ¢ The intestinal epithelium is the

epithelium that covers the small and large
intestine.
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Attachment Sites

¢ Human digestive System (Figure 22-3).
* A list of pathogens that can adhere to or
enter at each site (Exhibit 22-2).
— Skeletal muscles
— Stomach
— Liver
— Small intestine

— Large intestine/colon
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Sigma Factors and the Acid
Tolerance Response

Some foodborne pathogens use at least two
strategies to survive under low-pH
conditions.

The rpoS gene which encodes the
alternate sigma factor (A sigma factor is
a subunit of bacterial RNA polymerase).

*

Sigma Factors and the Acid
Tolerance Response

RpoS is regarded as being a sigma factor
that specifically affects stationary phase
events in some enteric bacteria,
especially Escherichia coli, Yersinia
enterocolitica (AP 25 R A2 &), and
Shigella GEE L E &), and it allows
them to survive at pH 2.5 for over 2
hours.

RpoS is responsible for the induction of
specific sets of genes that can increase
stress resistance.




Chapter 22

Sigma Factors and the Acid
Tolerance Response

¢ The acid tolerance response appears to be
another survival strategy for pathogens. When
Shigella GEE L E &), E. coli, and
Salmonella (/G /&) are exposed to pH
<5.9, it induces an acid tolerance response that
enables cells to survive at pH 3.3.

—  This response may lower the number of cells
needed to initiate infection. Salmonellosis may be
caused by as few as 10 cells. (107 — 10%/g are
generally necessary for salmonellosis )

¢+ When L. monocytogenes was exposed to pH 3.5
for up to 2 hours at 37°C =» increased lethality
(BUEE; %5 77) for mice.

| pATHOGENESIS (25 #1)

¢+ The initiation and course of foodborne
illness

Gram-Positive Bacteria

¢ Virulent strains=» produce exotoxic
factors (exocellular substances) that are
absent in avirulent strains.

+ Staphylococci, Clostridium botulinum ( [A]

= =z /= i

HiFE ) , C. perfringens (7 RIHATE ),
and Bacillus cereus ({l] AZAEE ) cause
foodborne illness due to exotoxins.
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PATHOGENESIS

Gram-Positive Bacteria

¢ The toxin cause botulism is a potent
neurotoxin € Clostridium botulinum

cells growing in susceptible foods.
=g S i

* The C. perfringens (@3 FEAE B )
enterotoxin (CPE) is a spore-associated
protein=> produced during
sporulation (f§#2i%) in the GI tract
(gastrointestinal tract).

Muuth/
Esophagus
¢ GI tract
Stomach
Large Small
Intestine Intestine
(colon)
Rectum Anus
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PATHOGENESIS

Gram-Positive Bacteria
+ Listeria monocytogenes (ZHTHF )

— An intracellular pathogen.

— The virulent strains produce the
exocellular pore-forming substance
listeriolysin O (LLO). LLO is a
hemolysin (&1 Z) involved in the
invasion of the gut epithelium=>
cell-to-cell spread of the organism.

PATHOGENESIS

Gram-Positive Bacteria
+ Listeria monocytogenes

* The ingestion of viable cells is necessary
for listeric infection to occur.

— What sets this species apart from the
nonpathogenic Listeria is the capacity to
adhere to and breach (F73%) the
mucosal/epithelial barrier, and to spread
from cell to cell with the aid of LLO.
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PATHOGENESIS

Gram-Negative Bacteria

+ Salmonellae \ sal-mo-'nel-a\
— Produce enterotoxin
— Virulent strains of S. enterica (i &P E)
initiate infection in non-phagocytic cells by

attaching to the intestinal mucosa (F5/%)
with the aid of fimbrial adhesions (I FE i

TEA).

— Virulent strains of S. enterica secrete into the
cytoplasm a protein (SpiC) that prevents the
fusion of vesicles with lysosomes.

PATHOGENESIS

‘: Gram-Negative Bacteria

+ Escherichia coli \ esh-o-'rik-g-o\\'ko- 11\
¢ Enteropathogenic (EPEC) and
enterohemorrhagic (EHEC)
— The pathogenicity island on the chromosome
of EHEC and EPEC contains the gene that

encodes the intimin protein (£5f{f£& ) that
is essential for attachment-effacement (A/E,
A/ M S SR L BHE  EKEH 52).

— The pathogenicity of EHEC is due to the
possession of Stx toxins, endotoxins, and host-
derived cytokines (ZHiffZ5 ) such as tumor
necrosis factor (FERGIEIEIN 1) alpha (TNF-o)
and interleukin (/- HZ)-1B. .

13



PATHOGENESIS

. Gram-Negative Bacteria

| + Escherichia coli

— Stx1 and Stx2 toxins inhibit protein synthesis
in endothelial cells ([N f74[ftJ ). Human renal
(Bfli&HY) tissue contains large amounts of Gb3
(globotriaosylceramide, the Stx receptor) and
thus it is highly sensitive to the Stx toxins.

— EPEC strains require the plasmid-borne
bundle-forming pili (bfp) for adherence and
autoagglutination (5 8 /5¢£E). Mutants that
lacked bfp caused less severe diarrhea and were
about 200-fold less virulent in human
volunteers.

PATHOGENESIS

Gram-Negative Bacteria
¢+ Yersiniae

— The most significant pathogenic
mechanism of Y. enterocolitica (HSE§>%
ECH% R f5 ) is contained in the yersiniae
outer protein (Yop) virulon (see Exhibit
22-3), which is also possessed in Y. pestis

(EREHR I 2E R AR ) and Y.
pseudotuberculosis (ER4EfZFEEARE ) .

— The Yop virulon allows yersiniae to
survive and multiply in host lymphoid
tissue

Chapter 22
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PATHOGENESIS

Gram-Negative Bacteria
+ Shigellae

— The M cells (microfold cells, &k E4HEE
—FfE R 4IAE) of Peyer's patches in the
terminal ileum (32f5) are invaded by
shigellae as well as some salmonellae, some
EPEC, and some viruses.

— Shigellae invade macrophages of the colonic
(45#5HY) and rectal (EfZHY) M cells =»the
macrophages die by apoptosis (ZHHEET) =
an acute inflammatory response with

dysentery (FIRHYTME RAESE).

Esophagus ..
H Jejunum Z=f5
O lleum :EpE

s Stomach

Duodenum

7~ Rectum ...

15



Chapter 22

PATHOGENESIS

Gram-Negative Bacteria
¢ Shigellae

— This invasive strains of S. flexneri lead to
the loss of blood and mucus in the
intestinal lumen. Since colonic
absorption of water is inhibited, the
result is the passage of scanty (F7i35HY)
dysenteric stools

— Shiga toxin =» may inhibit mammalian
protein synthesis

PATHOGENESIS

Gram-Negative Bacteria
+ Vibrios

— The pathogenesis of V. parahaemolyticus
BI7A MmN/ B 3% )

— 1s associated with the production of a 46-
kDa homodimer—thermostable direct
hemolysin (TDH).

— TDH appears to be responsible for the
following events: hemolysis, pore-
forming capacity, cytotoxic effects,

lethality in small animals, and
enterotoxigenicity.
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PATHOGENESIS

Gram-Negative Bacteria
+ Vibrios
— The two primary virulence factors of V.
cholerae (Z&LILE) are (1) toxin-
coregulated pili (TCP) that are required for

intestinal colonization, and (2) cholera toxin
(CT) that is an enterotoxin.

— Among foodborne pathogens, genes for the
following toxins are known to be carried by
phages: CT toxin of V. cholera,
Staphylococcal enterotoxin A, Stx1 and
Stx2 of EHEC strains of E. coli, and
botulinal toxins.
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