Gastric ulcers As in DUs, the majority of GUs can be attributed to
either H. pylori or NSAID-induced mucosal damage. GUs that occur
in the prepyloric area or those in the body associated with a DU or a
duodenal scar are similar in pathogenesis to DUs. Gastric acid output
(basal and stimulated) tends to be normal or decreased in GU patients.
When GUs develop in the presence of minimal acid levels, impairment
of mucosal defense factors may be present. GUs have been classified
based on their location: Type I occur in the gastric body and tend to
be associated with low gastric acid production; type II occur in the
antrum and gastric acid can vary from low to normal; type III occur
within 3 cm of the pylorus and are commonly accompanied by DUs
and normal or high gastric acid production; and type IV are found in
the cardia and are associated with low gastric acid production.
H. pylori and acid peptic disorders Gastric infection with the bacterium
H. pylori accounts for the majority of PUD (Chap. 188). This organism also plays a role in the development of gastric mucosa-associated
lymphoid tissue (MALT) lymphoma and gastric adenocarcinoma.
Although the entire genome of H. pylori has been sequenced, it is still
not clear how this organism, which resides in the stomach, causes
ulceration in the duodenum, or whether its eradication will lead to a
decrease in gastric cancer.
The bacterium The bacterium, initially named Campylobacter pyloridis,
is a gram-negative microaerophilic rod found most commonly in
the deeper portions of the mucous gel coating the gastric mucosa or
between the mucous layer and the gastric epithelium. It may attach to
gastric epithelium but under normal circumstances does not appear
to invade cells. It is strategically designed to live within the aggressive
environment of the stomach. It is S-shaped (~0.5–3 μm in size) and
contains multiple sheathed flagella. Initially, H. pylori resides in the
antrum but, over time, migrates toward the more proximal segments
of the stomach. The organism is capable of transforming into a coccoid
form, which represents a dormant state that may facilitate survival in
adverse conditions. The genome of H. pylori (1.65 million base pairs)
encodes ~1500 proteins. Among this multitude of proteins there are
factors that are essential determinants of H. pylori–mediated pathogenesis and colonization such as the outer membrane protein (Hop
proteins), urease, and the vacuolating cytotoxin (Vac A). Moreover,
the majority of H. pylori strains contain a genomic fragment that
encodes the cag pathogenicity island (cag-PAI). Several of the genes
that make up cag-PAI encode components of a type IV secretion
island that translocates Cag A into host cells. Once in the cell, Cag A
activates a series of cellular events important in cell growth and cytokine production. H. pylori also has extensive genetic diversity that in
turn enhances its ability to promote disease. The first step in infection
by H. pylori is dependent on the bacteria’s motility and its ability to
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Epidemiology The prevalence of H. pylori varies throughout the world
and depends largely on the overall standard of living in the region. In
developing parts of the world, 80% of the population may be infected
by the age of 20, whereas the prevalence is 20–50% in industrialized
countries. In contrast, in the United States this organism is rare in
childhood. The overall prevalence of H. pylori in the United States is
~30%, with individuals born before 1950 having a higher rate of infection than those born later. About 10% of Americans <30 years of age
are colonized with the bacteria. The rate of infection with H. pylori in
industrialized countries has decreased substantially in recent decades.
The steady increase in the prevalence of H. pylori noted with increasing
age is due primarily to a cohort effect, reflecting higher transmission
during a period in which the earlier cohorts were children. It has been
calculated through mathematical models that improved sanitation
during the latter half of the nineteenth century dramatically decreased
transmission of H. pylori. Moreover, with the present rate of intervention, the organism will be ultimately eliminated from the United States.
Two factors that predispose to higher colonization rates include poor
socioeconomic status and less education. These factors, not race, are
responsible for the rate of H. pylori infection in blacks and Hispanic
Americans being double the rate seen in whites of comparable age.
Other risk factors for H. pylori infection are (1) birth or residence in a
developing country, (2) domestic crowding, (3) unsanitary living conditions, (4) unclean food or water, and (5) exposure to gastric contents
of an infected individual.
Transmission of H. pylori occurs from person to person, following
an oral-oral or fecal-oral route. The risk of H. pylori infection is declining in developing countries. The rate of infection in the United States
has fallen by >50% when compared to 30 years ago.

Peptic Ulcer Disease and Related Disorders

Pathophysiology • Duodenal ulcers H. pylori and NSAID-induced
injury account for the majority of DUs. Many acid secretory abnormalities have been described in DU patients. Of these, average basal
and nocturnal gastric acid secretion appears to be increased in DU
patients as compared to controls; however, the level of overlap between
DU patients and control subjects is substantial. The reason for this
altered secretory process is unclear, but H. pylori infection may contribute. Bicarbonate secretion is significantly decreased in the duodenal bulb of patients with an active DU as compared to control subjects.
H. pylori infection may also play a role in this process (see below).

produce urease. Urease produces ammonia from urea, an essential 1915
step in alkalinizing the surrounding pH. Additional bacterial factors
include catalase, lipase, adhesins, platelet-activating factor, and pic B
(induces cytokines). Multiple strains of H. pylori exist and are characterized by their ability to express several of these factors (Cag A, Vac A,
etc.). It is possible that the different diseases related to H. pylori infection can be attributed to different strains of the organism with distinct
pathogenic features.

CHAPTER 348

Gastric ulcers In contrast to DUs, GUs can represent a malignancy
and should be biopsied upon discovery. Benign GUs are most often
found distal to the junction between the antrum and the acid secretory mucosa. Benign GUs are quite rare in the gastric fundus and are
histologically similar to DUs. Benign GUs associated with H. pylori
are also associated with antral gastritis. In contrast, NSAID-related
GUs are not accompanied by chronic active gastritis but may instead
have evidence of a chemical gastropathy, typified by foveolar hyperplasia, edema of the lamina propria, and epithelial regeneration in the
absence of H. pylori. Extension of smooth-muscle fibers into the upper
portions of the mucosa, where they are not typically found, may also
occur.

Pathophysiology H. pylori infection is virtually always associated with
a chronic active gastritis, but only 10–15% of infected individuals develop frank peptic ulceration. The basis for this difference is
unknown, but is likely due to a combination of host and bacterial factors some of which are outlined below. Initial studies suggested that
>90% of all DUs were associated with H. pylori, but H. pylori is present
in only 30–60% of individuals with GUs and 50–70% of patients with
DUs. The pathophysiology of ulcers not associated with H. pylori or
NSAID ingestion (or the rare Zollinger-Ellison syndrome [ZES]) is
becoming more relevant as the incidence of H. pylori is dropping,
particularly in the Western world (see below).
The particular end result of H. pylori infection (gastritis, PUD,
gastric MALT lymphoma, gastric cancer) is determined by a complex
interplay between bacterial and host factors (Fig. 348-6).
1. Bacterial factors: H. pylori is able to facilitate gastric residence,
induce mucosal injury, and avoid host defense. Different strains of
H. pylori produce different virulence factors. A specific region of
the bacterial genome, the pathogenicity island (cag-PAI), encodes
the virulence factors Cag A and pic B. Vac A also contributes to
pathogenicity, although it is not encoded within the pathogenicity island. These virulence factors, in conjunction with additional
bacterial constituents, can cause mucosal damage, in part through
their ability to target the host immune cells. For example, Vac
A targets human CD4 T cells, inhibiting their proliferation and
in addition can disrupt normal function of B cells, CD8 T cells,
macrophages, and mast cells. Multiple studies have demonstrated
that H. pylori strains that are cag-PAI positive are associated with
a higher risk of PUD, premalignant gastric lesions, and gastric
cancer than are strains that lack the cag-PAI. In addition, H. pylori
may directly inhibit parietal cell H+,K+-ATPase activity through a
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