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INTRODUCTION

Helicobacter pylori colonizes the mucus layer of the human
stomach and causes inflammation termed active chronic
gastritis.! H. pylori can easily be identified using simple tech-
niques available in all microbiology laboratories. The bac-
terium infects more than half of the population of the world,
is more common in tropical countries, and in some people it
causes peptic ulceration or gastric cancer. In the tropics it may
be associated with reduced gastric acid,? increased diarrhea,
and malnutrition.> H. pylori can be diagnosed by direct exam-
ination of gastric mucosal biopsy tissue obtained at
endoscopy, or noninvasively using serology, a urea breath test,
or a fecal antigen test. Cure of the infection is possible in most
patients with a two-week treatment using combinations of
antimicrobial agents and acid-lowering drugs.* In the tropics,
due to poor sanitation, reinfection is common.>7 For this rea-
son there is currently much interest in the development of an
oral vaccine to prevent new infections.

AGENT

H. pylori is the type strain of a new genus of spiral-shaped
bacteria named Helicobacter. Their morphology and sheathed
flagella may facilitate motility in the mucus layer of the gastro-
intestinal tract. H. pylori is microaerophilic, which means that
it prefers a reduced amount of oxygen for growth, but is not
anaerobic. This is probably the environment found in the
mucus layer of the gut, a transitional zone between the anaer-
obic lumen and the oxygenated mucosa. The characteristics
and growth requirements of H. pylori are listed next.

Morphologically, H. pylori is a gram-negative spiral, 3.5
um long x 0.6 um thick, with 1.5 wavelengths and four to
seven sheathed flagella at one end of the organism, as shown
in Figure 24-1. In tissues H. pylori appears spiral and lies close
to the gastric epithelial cells and in the mucus glands.
Squashed or smeared fresh gastric biopsy specimens may be
stained by Gram stain or examined by phase contrast
microscopy.®® In histologic sections H. pylori stains well with
Giemsa, toluidine blue, or silver stains. Hematoxylin and
eosin (H&E) stain does not adequately demonstrate H. pylori.

In culture, H. pylori appears longer and spiral forms are
not as obvious. Usually comma shapes and U-shapes (unsep-
arated dividing organisms) are seen.!0
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Culture

H. pylori is microaerophilic, growing in reduced O, at
37°Cin 4 to 6 days on fresh (preferably) chocolate or blood
agar. The “Campylobacter atmosphere” generated by a com-
mercial Campylobacter kit in a gas jar provides atmosphere
for H. pylori culture. If available, a 10% CO, incubator also
provides excellent growth conditions. “Campylobacter” atmo-
spheres are also available as premixed cylinders that can be
used to fill a sealable plastic bag with a moist paper towel
inside. If nothing else is available, a candle jar with moist
paper towels in the bottom will provide an adequate atmo-
sphere, and even gas-generating methods such as the “steel
wool and Alka Seltzer” idea of Pennie and colleagues!! can
be used.

Selective Media

Although H. pylori can be isolated easily from gastric
biopsy samples onto nonselective media, 20% of patients
have bacterial contamination of the biopsy, and overgrowth
of commensal flora will make isolation of H. pylori difficult.
To maximize the isolation rate, a selective medium can be
made by adding vancomycin, trimethoprim, and amphotericin
to the culture medium.”? Ready-made selective media for
H. pylori culture are available,’ or Campylobacter isolation
media such as Skirrow’s medium may also be used. !

Identification

On blood or chocolate agar, transparent or pale-yellow
1- to 2-mm “water spray” colonies appear after 3 to 6 days.
They are strongly positive for catalase, oxidase, and rapid
urease. In the last-named test, a pink color is observed within
5 minutes of applying a colony to Christensen’s urea agar. The
organism may also be grown in broth such as shaking tubes
of Brucella broth® or in gas-permeable shaking bags'® in a
CQO, incubator, or in fermenters.!”
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FIGURE 24-1  Helicobacter pylori (3.5 x 0.6 um) has a smooth wall
and four to seven sheathed flagella arising from only one end of the cell.
These features distinguish it from Campylobacter spp., which have
rough cell walls and a single, thinner, unsheathed flagellum at each end
of the cell. Other Helicobacter spp. have distinguishing features such as
many flagella and axial filaments (H. felis from cats) or flagella sprouting

from the sides of the organism (H. mustelae from ferrets). Mature organ-
isms appear as spiral forms with 1.5 wavelengths.




Pitfalls

When subculturing H. pylori, one should always examine
the Gram’s stain morphology of H. pylori as well as perform
the biochemical identification tests described -earlier.
Contaminating organisms may appear similar to the naked
eye and are often urease, oxidase, or catalase positive.

EPIDEMIOLOGY AND TRANSMISSION

H. pylori infects more than 70% of persons in most devel-
oping countries and about 30% of persons in developed
countries. In societies that have recently emerged to affluence
(such as Japan), H. pylori is still quite common and infects
most persons over the age of 40 years.

H. pylori is acquired in childhood, probably by the fecal-
oral route. The bacterium has been isolated from the feces of
children in The Gambia'® and polymerase chain reaction
(PCR) techniques have demonstrated the genome of the
organism in water from Peru.> In developing countries, chil-
dren may be infected at the rate of 15% per annum so that
most of the population is infected by adulthood. The initial
infection with H. pylori may be somewhat precarious in that
some children lose the infection spontaneously for a time but
then reacquire it from the environment. This may occur sev-
eral times before the child maintains a stable permanent gas-
tric infection.!® Initially the infection may spread from one
parent to one of the children in the family, then spread to
other family members, siblings, or the uninfected parent by
fecal contamination, and even aerosols of vomitus.2%?! Thus
the infection is transmitted from one generation to the next,
but young children appear to amplify the infection rate.2?

The exact mechanism of spread is still somewhat contro-
versial. H. pylori DNA is sometimes present in the dental
plaque of some infected persons,?® but actual live organisms
are only very rarely culturable from the oral cavity. Thus the
organisms might occasionally be carried to the mouth in gas-
tric reflux, but probably do not live in the mouth. Oral-oral
spread of H. pylori seems possible but has been hard to
demonstrate. For example, in Belgium, investigators studied
infants born to 67 infected mothers but could detect only one
new H. pylori infection by breath test during a 12-month
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FIGURE 24-2 The prevalence of Helicobacter pylori in developing
and Western countries. In developed countries, H. pylori is decreasing
in prevalence so that most of the infections are in those over the age of
50 years who likely acquired the infection during childhood. The infection
in young persons is only seen in immigrants from high-risk countries.
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period.?* This may mean that most new infections in devel-
oping countries are fecal-oral, that is, from other children,
relatives, or from environmental sources. The prevalence rate
in developing countries, as compared with Western countries,
is shown in Figure 24-2.

PATHOGENESIS
Acute Infection

Immediately after ingestion by a healthy person, it is
thought that the urease enzyme of H. pylori enables the bac-
terium to survive in acid by generating ammonia and bicar-
bonate from urea present in the gastric juice:> Vague
symptoms of epigastric discomfort then commence 72 hours
after ingestion of the organism. Gastric acid secretion may ini-
tially increase, associated with varying degrees of epigastric
discomfort? followed by vomiting episodes.?*?” Symptoms usu-
ally settle after several days as the bacterium induces achlor-
hydria. The cause of the achlorhydria is unknown; however, it
might involve the action of a bacterial toxin,?® ammonia, or
the presence of cytokines, especially interleukin-1[3.2°

In the tropics, achlorhydria has long been associated with
malnutrition and susceptibility to enteric infections such as
V. cholerae and enterotoxigenic E. coli infections.?*3! So far,
H. pylori infection is the only known environmental agent
proven to cause achlorhydria. Since the acute infection is
associated with long periods when the gastric acid barrier is
impaired, H. pylori may increase susceptibility to the other
enteric pathogens and thus be an important pathogen in the
pediatric age group.®? Perhaps related to the achlorhydria,
acute H. pylori infection is associated with a mild growth
arrest,® and in a few studies infected children grow up
shorter than controls.>*

The achlorhydria of acute H. pylori is “chemically
induced” and is reversible, unlike that seen after many years
of the chronic H. pylori infection, where atrophy of gastric
mucosa causes acid secretion to be irreversibly diminished
(see following discussion).*

Attachment

H. pylori has several attachment mechanisms that enable it
to selectively colonize gastric mucosa but not intestinal
mucosa. To various degrees, H. pylori is adherent to Lewis B
antigen,* phosphatidylethanolamine > and ganglioside GM;,*®
all of which are present on the gastric mucus epithelial cells.
In addition, H. pylori synthesizes Lewis X antigen which may be
a mechanism of “molecular mimicry” to make the organism
similar to the host tissue, thus attenuating the immune
response.®* Once attached, H. pylori induces the production of
interleukin-8 (IL-8) which in turn attracts neutrophils.** If deep
colonization occurs in the acid secreting mucosa, secretion of
IL-1 by inflammatory cells may inhibit acid secretion

Cytotoxins

The effect of H. pylori on the gastric mucosa is more severe
when the bacterium produces cytotoxins. The most notable of
these is CagA, which is one component of about 30 genes in
the cagA pathogenicity island. This structure, present in most
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FIGURE 24-3 Relationships of cytotoxin
genes and proteins. The left side diagrams
* a representative immunoblot pattern of a
patient with a duodenal ulcer and
Helicobacter pylori infection. The 127-kDa
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strains, codes for a “Type IV” secretion system. This causes a
hollow pilus-like structure to form which then injects the
CagA toxin protein into the epithelial cell. CagA toxin emu-
lates at least two growth-factors causing the epithelial cell to
adopt a less structured, more mobile, primitive form. Thus
the integrity of the gastroduodenal epithelium is compro-
mised and nutrients are able to leak up from between the cells
and towards the H. pylori. In developed countries, CagA is
present in only 60% of strains, whereas in most tropical or
developing countries (Peru is a good example) more than
90% of strains are CagA-positive.

Linked to the cagA island is a propensity for such isolates
to produce VacA toxin of a more virulent subtype. VacA is a
membrane pore which leads to leaky intracellular organelles
and the appearance of “vacuoles” in the cells. The two vacA
subunits “s” and “m” can each exist in two forms, sl or s2,
and m1 or m2; only s1 (ml or m2) are associated with active
cytotoxin (Fig. 24-3). Other toxins are BabA (Blood-Group
Antigen Binding Toxin A)* and iceA (Induced with Contact
to Epithelium). Toxin-producing strains (cagA, vacA, BabA)
are more likely to be present in persons with duodenal ulcer
or with gastric cancer because they upregulate the degree of
mucosal inflammation. This effect is also modulated by vari-
ous interleukin polymorphisms in the patient, such as IL-1p
and its receptor so that some individuals with a virulent strain
could experience a 5-50 fold increased risk of cancer from a
H. pylori infection.®*

DISEASE ASSOCIATIONS AND CLINICAL
MANIFESTATIONS

Active Chronic Gastritis

Chronic gastritis refers to the histological presence of
mononuclear cells (lymphocytes and plasma cells) in the gas-
tric mucosa. Histologic chronic gastritis is associated very
closely with H. pylori and there are few patients with this find-
ing who do not have the organism.* There is also a variable
amount of neutrophilic infiltration of the mucosa, typically
invading the necks of mucous glands. This latter appearance
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content than the rest of the H. pylori
genome. This suggests that the cagA gene
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gives the name “active” or “acute” to the typical histologic
appearance of “active chronic gastritis.”6 Because the cause of
chronic gastritis was unknown before the discovery of H. pylori,
the terminology was confusing and nonstandardized. In most
of the literature, terms such as “atrophic gastritis,” “superficial
gastritis,” “simple gastritis,” “antral gastritis,” and “type 1
gastritis” all refer to the histology of H. pylori infection. The
various classifying and descriptive terms for the lesion have
been well described in several papers.+~+

In the antrum of the stomach, H. pylori is most numerous
on the surface of the epithelium (beneath the mucus layer)
but it also lives in the mucus-secreting glands. In the body of
the stomach (corpus), almost all of the organisms are found
on the surface. The inflammation tends to collect near the
bacteria. Thus in the corpus, the appearance is that of a
“superficial gastritis,” whereas in the antrum, the inflamma-
tion is deeper. In either place the lesion can be associated with
lymphoid follicles.5

In the long-standing case of chronic active superficial gas-
tritis, the superficial inflammation includes a predominance
of PMNs. In contrast, in the deep portion of the glands below
the necks the inflammation is predominantly chronic with
lymphocytes surrounding destroyed remnants of gastric deep
glands; an appearance that has been called the glandular lym-
phocytic adherence lesion. As this deep inflammation
becomes more extensive, the deep glands become islands sep-
arated by chronic inflammation, they are less tightly packed,
and their depth decreases. This decrease is called chronic
atrophic gastritis. Another way deep glands are replaced is
through intestinal metaplasia. The degree of deep glands lost
through either inflammation or intestinal metaplasia deter-
mines how extensive is the chronic atrophic gastritis.
Chronic atrophic gastritis is a precancerous lesion probably
due to the effects of long-term hypochlorhydria and the resul-
tant presence of abnormal gastric flora. In general, inflamma-
tion, both superficial and deep, is more severe in the antrum,
less in the corpus, and least in the cardia.® In both the antrum
and the corpus, the preceding lesions may be associated with
lymphoid follicles. Lymphoid follicles are rarely seen in the
gastric mucosa except after H. pylori infection.>?
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Attachment of the bacterium causes damage to the
cytoskeleton of the epithelial cells so that they bulge out
rather than maintain a flat luminal surface. Under periodic
acid—Schiff staining, the apical mucus content of infected gas-
tric mucosa is less than normal and cells are shorter. These
changes have been termed the destructive mucin lesion of the
covering gastric epithelium.*=*

Over the lifetime of the infected person, inflammation may
destroy the glandular elements (atrophy) and intestinal cells
often replace gastric mucus-secreting epithelium (intestinal
metaplasia). The resulting atrophic gastritis is the final “burned
out” phase of H. pylori infection, usually seen in older persons. In
tropical countries, however, where H. pylori may have been pres-
ent from a very early age, atrophic gastritis may be seen in young
adults and is believed to be a major risk factor for gastric cancer.”

Duodenal and Gastric Ulcer

The most obvious disease associated with H. pylori is pep-
tic ulceration (Fig. 24-4). More than 90% of duodenal ulcers
are associated with toxin-producing H. pylori.®® When a
patient with a duodenal ulcer does not have H. pylori infec-
tion, etiologic factors such as Zollinger-Ellison syndrome or
nonsteroidal anti-inflammatory drug (NSAID) use are likely>’

In gastric ulcer, two causes prevail, and many patients will
exhibit both. Most gastric ulcers have H. pylori and these can
be identified by presence of the bacterium or chronic gastritis.
The stomach is also directly exposed to ingested agents such

duodenal ulcer

gastric uIC(’er

') gastric cancer

gastric lymphoma

FIGURE 24-4 Disease associations with Helicobacter pylori (HP). The
large circle represents a typical population in a developed country
where 60% of persons are not infected with H. pylori. The darker circle
represents the 40% of persons who are infected with H. pylori. Even so,
nearly all the duodenal ulcers and gastric ulcers occur in the
H. pylori-positive group. Each year, 1% of infected patients undergo
transition from asymptomatic gastritis to symptomatic peptic ulcer. Note
that most gastric adenocarcinomas and gastric mucosa—associated lym-
phoid tissue (B-cell) lymphomas also occur in the H. pylori—positive per-
sons. Controversy reigns as to the role of H. pylori in persons with
dyspepsia but in whom ulcers are not found: Should H. pylori be treated
in these persons, or ignored?
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as an NSAID and is more likely than the duodenum to ulcerate
in response to these agents. Therefore, in the United States,
about 50% of gastric ulcers are not associated with histologic
chronic gastritis or H. pylori but are caused by NSAIDs.*®

In tropical countries where NSAIDs are less widely used
and H. pylori is very common, most gastric ulcers are caused
by H. pylori.>® Perhaps because of this, gastric ulcers are more
likely to be malignant and require endoscopy and biopsy for
histologic examination.

The proposed causation of duodenal ulcer is as follows.
Persons with H. pylori, but with colonization mainly in the
antrum, have high acid secretion but a defective mucosal bar-
rier. Inflammation in the antrum impairs the growth of D cells
(which make somatostatin) and thus decreases their
inhibitory effects on the gastrin-producing G cells. This results
in higher gastrin production, which may in turn, over the life-
time of the patient, cause a hyperplasia of the acid-secreting
mucosa. Gastric mucus cells normally present in the duodenal
bulb become colonized with H. pylori, seeded from the infection
present in the antrum. Neutrophil invasion of the duodenal
epithelium (duodenitis) increases susceptibility to ulceration.
Inflammation is more severe when the H. pylori secretes CagA,
thus associating the cytotoxin with duodenal ulcer.>°

All persons with peptic ulcer should be tested for
H. pylori and treated with antimicrobial agents when evidence
of the infection exists.#®! Ulcer recurrence is less than 10%
when H. pylori is eradicated, whereas more than 90% of ulcers
recur when the bacterium persists.®? Thus, most patients are
cured of their ulcer disease with effective antibiotic treatment.®

Gastric Cancer
Adenocarcinoma

Worldwide, gastric cancer is the second most common
cancer, the high prevalence areas being Brazil, Colombia,
Korea, China, and Japan. H. pylori infection affects more than
half the population in these countries.®® The incidence of gas-
tric cancer has declined in the United States since 1930. It
was the most common cancer, but now it ranks about ninth.*

H. pylori confers an approximately sixfold risk of gastric
cancer, accounting for about half of all gastric cancers.®® Thus,
in most tropical countries where H. pylori is prevalent, gastric
cancer is also common. In India, Bangladesh, the Middle East,
southern China, and some African countries, however,
H. pylori is prevalent but gastric cancer is not. This paradox
suggests that genetic, dietary, and other unknown environmental
factors are also important in the etiology of adenocarcinoma.5*5

The proposed chain of events in gastric carcinoma starts
with a very early (age 1 to 5 years) infection with H. pylori so
that the corpus mucosa is damaged during childhood. In this
setting, ulcers are unlikely but a large area of the stomach is
involved in the process. Damaged areas coalesce into chronic
atrophic gastritis and acid secretion diminishes, eventually
allowing other organisms to colonize the stomach.%¢-% In this
setting, nitrates can be changed to nitrites and then to
nitrosamines, which are carcinogenic. In the presence of
ammonia, inflammation itself can cause nitrosamines to form
in the mucosa. Inflammation is more severe when the H. pylori
secretes toxin, thus associating several cytotoxins with gastric
cancer.
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The Ulcer-Cancer Controversy

It has been well demonstrated that CagA toxin—positive
strains of H. pylori are associated with both duodenal ulcer
(a high-acid state) and stomach cancer (a low-acid state).
Paradoxically, patients who have duodenal ulcer are protected
from developing stomach cancer. This implies that acid pro-
tects from the carcinogenic effects of H. pylori. Even in Japan,
where stomach cancer is common, it is quite rare for a person
with duodenal ulcer to develop the malignancy.%

One proposed explanation for this is the age of acquisition
of the infection. In a tropical country where H. pylori is
acquired in early childhood and nutrition may be poor, the
infection causes severe damage to the acid-secreting area of
the stomach.> Poor nutrition probably also assists this ten-
dency to develop an asymptomatic low-acid state.”

Various factors are associated with the development of
gastric cancer associated with H. pylori infection. These
include the presence of hypochlorhydria due to infection,
virulence of the infecting strain, genetic factors of the host,
micronutrients in the diet, and geographical location of the
patient. Thus, even if CagA toxin is present, the patient may
never develop a duodenal ulcer but may be susceptible to gas-
tric cancer in later life.

If H. pylori is acquired in late childhood or in the adult
years, then the infection tends to affect mainly the antrum of
the stomach, leaving the acid-secreting part of the stomach
(the corpus) intact. High acid secretion allows the develop-
ment of duodenal ulcer disease.

Lymphoma

H. pylori eradication therapy should be the initial step in
the treatment of proven or suspected gastric lymphoma. Up
to 90% of mucosa-associated lymphoid tissue (MALT) lym-
phomas are associated with H. pylori.”" These indolent B-cell
lymphomas are sometimes driven by continuing H. pylori
antigenic stimulus and regress when H. pylori infection is
treated.”"® Apparent cure of MALT lymphoma occurs in 70%
of patients in whom H. pylori is eradicated.™

DIAGNOSIS

The diagnosis of H. pylori may be by invasive or noninva-
sive methods, or both, as shown in Table 24-1. Endoscopic
biopsy of gastric mucosa is the usual invasive method,
although invasive methods can include blind biopsy, nasogas-
tric aspiration, or the gastric string test.”” Noninvasive tests
are primarily serologic tests that detect IgG antibody to
H. pylori, urea breath tests (UBT) to detect gastric urease, and
fecal antigen tests.

Invasive Tests
Histology

For histologic study from intact mucosa, mucosal biopsy
specimens are taken away from any visible lesion. This allows
the pathologist to separate true inflammation (active chronic
gastritis) from changes due to acute ulcer healing. Biopsies for

Table 24-1 Accuracy of Diagnostic Tests for Helicobacter pylori Infection in 268 Patients Undergoing

Esophagogastroduodenoscopy

‘Tests  Sensitivity (%) Specificity (%) Positive Predictive Value (%)  Negative Predictive Value (%)
Invasive
Biopsy: Chronic 100 66.3 84.4 100
inflammation*®
Biopsy: Acute 86.7 93.7 96.2 79.5
inflammation’
Biopsy: Warthin- 93.1 99.0 99.4 88.7
Starry silver stain’
CLOtest rapid urease 89.6 100 100 84.1
test’
Noninvasive
13C-urea breath test" 90.2 95.8 97.5 84.3
Fecal Antigen Test** 94.1 91.8 93.4 92.6
Serum IgG1 91.3 91.6 95.2 85.3
Serum IgA 71.1 85.3 89.8 61.8

*Chronic inflammation present in gastric antral biopsies.
TAcute inflammation present in gastric antral biopsies.
*Warthin-Starry stain of gastric antral biopsy.

ZTUrealse test conducted on gastric antral biopsy with results ascertained at 24 hours.
13C-urea breath test 60 minutes after administration of 150 mg *C-labeled urea.
**Data from Vaira D, Malfertheiner P, Megraud E et al: Diagnosis of Helicobacter pylori infection with a new non-invasive antigen-based assay. HpSA

European study group. Lancet 354(9172):30-33, 1999.
ISerum antibodies to H. pylori.

Data from Cutler AF, Havstad S, Ma CK, et al: Accuracy of invasive and noninvasive tests to diagnose Helicobacter pylori infection. Gastroenterology

109:136, 1995.




H. pylori should be in addition to biopsies taken to exclude
malignancy. At least two or, preferably, three biopsies need to
be taken to detect H. pylori histologically. One biopsy can be
taken from the greater curve of the antrum, one from the mid-
corpus, and a third from the lesser curve angular notch.”
In addition to routine H&E sections, the specimens should be
stained with Giemsa or a silver stain such as Warthin-Starry
or Genta stain.”®

Culture

Culture methods have been described earlier. Cultures
may be moistened with a single drop of saline and transported
to the laboratory in a sterile tube the same day. In some studies,
organisms have remained viable in snap frozen biopsies.””

Culture has also been performed from blind gastric
mucosal biopsies, from gastric aspirates, and from gastric
string tests. These methods are less sensitive than culture of
biopsies and are not widely used. Biopsy material, gastric
mucus, and gastric juice can, of course, also be examined with
polymerase chain reaction (PCR) or immunologic methods to
detect H. pylori, but at present these are not reproducible in
different laboratories and have no particular advantage over
culture or histology.

Urease Test

The ability of H. pylori to produce urease allows one to
rapidly detect the organism in gastric biopsy material.
Typically, the mucosal biopsy specimen is placed in a medium
containing urea and a pH indicator. If urease (or H. pylori) is
present, urea is converted to ammonia and the pH rises with
a subsequent color change.” H. pylori is a prolific urease
producer so that the reaction occurs in a few minutes in
biopsies from infected patients. Since the test is so specific for

FIGURE 24-5 The natural history of
Helicobacter pylori infection. The hori- 8 1
zontal axis shows the time scale in days
over 18 months. The left vertical axis is
gastritis grade as represented in the
columns showing antral and corpus
mucosa inflammation graded 0 to 4. The 6 -+
right vertical axis shows the pH of gas-
tric juice on a scale of 0 to 7. Note that
corpus mucosa inflammation (hatched
vertical bars) subsides after 3 months,
whereas antral inflammation remains.
As the corpus mucosa returns to near
normal, acid secretion revives and gas-
tric pH (dotted line) falls to normal
acidic levels. Variable early responses
are seen in IgA and IgM. 1gG is present
after the fourth week and remains as the
most stable antibody response in nearly
all infected persons.

Gastritis Grade
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H. pylori, once a positive urease test has been noted, other
diagnostic material is often unnecessary and may be discarded
to save expense.”

Noninvasive Tests

Infection is almost always accompanied by a rise in spe-
cific IgG antibody to H. pylori. IgM is present in some persons
during the acute infection but has not been well studied
because acute infections are rarely documented. IgA is present
in 80% of persons with H. pylori so it can be used to diagnose
the infection when present, but the absence of IgA does not
exclude infection. Thus, in most cases, IgG is the best predictor
of H. pylori infection (Fig. 24-5).

Tests to detect IgG come as a laboratory-based multi-well
enzyme-linked immunosorbent assay (ELISA) kit, which is
the most accurate serologic test. In properly selected patients,
sensitivity and specificity reach 95%. In patients who have
been treated for H. pylori infection in the preceding two years,
IgG may remain positive and give an incorrect positive result
even in persons who no longer have H. pylori infection.® For
this reason the urea breath test is a better choice for follow-
up. However, if carefully validated methods are used, serology
can be used as a somewhat less accurate predictor of bacterial
eradication. In Mexican patients, a 10% drop in ELISA
absorbance at one year predicated H. pylori eradication in
84% of treated patients.?!

A fecal antigen test for H. pylori is less sensitive than the
urea breath test at detecting H. pylori after treatment, but fecal
tests are ideal when the UBT is unavailable, and in very young
children.

As well as being present in blood, small amounts of 1gG
may be detected in urine and gingival secretions. The latter
two sources allow initial diagnosis from urine specimens and
saliva.
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FIGURE 24-6 The urea breath test. Urea labeled with an isotope of carbon (a capsule of C-urea in this illustration) is swallowed by the fasted
patient. Ten to 15 minutes later, a breath sample is collected into a balloon, processed as shown, and then counted in a scintillation counter. “CO,

can be detected in the breath of a patient infected with Helicobacter pylor/ When H. pylori is not present, the urea remains intact and there is no
14CO, in the breath. Unchanged 'C-urea is excreted in the urine. Since more than 90% of the isotope is excreted within 3 days, radiation exposure
is exceedingly small, about the same as natural background in 24 hours (0.3 mrem). In the 3C-urea breath test, the patient first swallows a high-fat
meal or drink, which serves to delay gastric emptying. Ten minutes later, a baseline breath sample is collected and a solution of isotope is swallowed.
Diagnostic breath samples are collected 20 to 40 minutes later. Breath samples are analyzed in an isotope ratio mass spectrometer.
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Breath Tests

Urea breath tests rely on the breakdown of isotope-labeled
urea by urease (from H. pylori) in the stomach (Fig. 24-6). The
C" UBT only takes 10 minutes and requires a single breath
sample. The C'3 test takes 40 minutes and requires a baseline
plus a 20-30 minute test sample. Both tests are highly accu-
rate and the choice of which to use depends on availability
and cost. Although the C'* UBT uses a trace of radioactive
carbon, the dose is very small—equal to less than 24 hours
of background exposure, so it is not excluded from use in
women or children.®

Diagnostic Criteria for Research Studies

Table 24-1 gives comparative data on the accuracy of var-
ious diagnostic tests as observed by Cutler and associates and
Vaira and coworkers.8#* Although histology is accurate, these
data reflect the results obtained by an expert pathologist with
considerable experience in H. pylori diagnosis. Accuracy is
quite variable among community pathologists, depending on
their experience and the technical excellence of the staining
methods used.

For clinical research, concordance between two different
methods is necessary to prove the presence or absence of
H. pylori. Good combinations for initial diagnosis would be
histology and culture, urease test and culture, histology and
serology, or urease test and serology.

In developing countries, noninvasive “indirect” methods
of diagnosis are less helpful in demonstrating cure after therapy,
probably due to frequent exposure and reinfection with

H. pylori. Positive serology in a highly endemic site frequently
does not reverse. In addition, even “direct” tests such as UBT
and stool antigen tests are more difficult to interpret due to
false-positive results.

Proof of cure requires demonstration of sterile gastric
mucosa, by two tests, 4 weeks after completion of therapy.
Alternatively, two negative tests (UBT or fecal antigen) will
suffice, the first at 4 weeks post therapy and the second at 6
to 8 weeks post therapy.

TREATMENT OF H. PYLORI IN THE TROPICS

What is the role of treatment of H. pylori infection in the
tropics? In many ways, treatment is similar to that in the
United States, where eradication is prescribed for patients
with peptic ulcer disease and the rare patient with gastric
lymphoma.

In the tropics, regimens containing metronidazole are
much less effective. Furazolidone is an alternative to metro-
nidazole in a 10-day regimen that includes bismuth and
amoxicillin. In some countries (i.e., Peru, Bangladesh, and
Turkey), there is rapid recurrence even after successful eradi-
cation of H. pylori from the stomach. Eradication is defined as
the absence of H. pylori at least 4 weeks after the last dose of
antimicrobial therapy was given.® Reinfection is most likely
caused by fecal contamination of water or food.

By sheer experience, several rules can be stated about
eradication of H. pylori:

e In vitro sensitivity to an antibiotic does not predict in

vivo efficacy. Therefore, use tested antibiotic combina-
tions that are proven to work.




e Acid appears to protect H. pylori from antibiotics; there-
fore, the most successtul treatments include strong acid
suppression with proton pump inhibitors.

e Eradication rates peak between seven and 14 days of
treatment. Do not use treatments shorter than seven
days (cure rate is lower) or longer than 14 days (cure
rate does not increase, but side effects increase).

e H. pylori does not develop resistance to the following
drugs: amoxycillin, bismuth, tetracycline, and furazoli-
done. Therefore they may be reused, and sensitivity
testing for them is not required.

e H. pylori quickly becomes resistant to the following
drugs: metronidazole (and other “idazoles”), clar-
ithromycin (and other “thromycins”), and rifabutin.
Box 24-1 outlines doses used in therapy, while Table
24-2 gives treatment options.

PREVENTION AND CONTROL

In developing countries, H. pylori recurrence after suc-
cessful treatment occurs at rates 10 to 20 times higher than in
developed countries. In addition, bacterial counts of H. pylori
in gastric biopsies taken in recurrence are similar to those in
biopsies taken prior to treatment. The high reinfection rate
and lack of change in the H. pylori bacterial counts suggest
there is little natural immunity after infection.

The rapid recurrence of H. pylori infection in some areas
means that its treatment in impoverished tropical areas needs
to be based on objectives that have a likelihood of some suc-
cess. Goals for control of infection will have to be tempered
with the additional need for improved sanitation. Thus, for
example, antimicrobial treatment of the majority of the
world’s population living in tropical, developing areas to
eradicate H. pylori for the purpose of preventing cancer would
be unrealistic at present. On the other hand, prevention of
gastric ulcer and duodenal ulcer recurrence for periods of a
year or two might have some utility even where recurrence is
high. Ethnic and cultural factors are also worth considering.
For example, in Malaysia, prevalence rates among the Malays
ranged from 12% to 29%, while the Chinese ranged from
27% to 58%, and Indians were between 49% and 52%.85

The role that treatment will have in reversing the
progress of precancerous lesions to cancer is not known.

Box 24-1 Treatments in Common Usage

+ Omeprazole 20 mg BID, clarithromycin 500 mg BID, and
amoxycillin 1g BID (7-10 days)

+ Omeprazole 20 mg BID, clarithromycin 250 mg BID, and

metronidazole 400 mg BID (7 days)

Bismuth (subsalicylate or citrate) 1 tablet QID*, tetracy-

cline 500 mg QID, metronidazole 250 mg QID (1 g to

1.5 g daily) (10-14 days)

« Rabeprazole 20 mg BID, amoxicillin 1 g BID, levofloxacin
250 mg BID (10 days)

+ Omeprazole 20 mg BID, amoxicillin 1 g BID, furazolidone
200 mg BID, and bismuth subsalicylate (De-Nol) 240 mg
(2 tabs) BID (14 days)

*Addition of a proton pump inhibitor probably enhances the cure rate.

Helicobacter pylori Infections = 307

Table 24-2  Treatment Options for Helicobacter
pylori*

AT Bismuth

Ranitidine bismuth citrate
(RBC) 400 mg BID

Bismuth subsalicylate
(Pepto Bismol) 525 mg
(2 tabs) QID

Bismuth subcitrate (DeNol)
120 mg (1 tab) QID

14 days

14 days

14 days

B Penicillin
Amoxicillin I1G BID 7 or 10 or 14 days
C Macrolide

Clarithromycin 500 mg BID* 7 or 10 or 14 days

Josamycin 1000 mg BID 7 days
D Nitroimidazole
Metronidazole 500 mg 7 or 10 or 14 days
BID or TID?
Tinidazole 1000 mg daily 7 or 10 or 14 days
E Tetracycline
Tetracycline 500 mg QID 14 days
F Quinolone 7 or 10 or 14 days
Ofloxacin 500 mg BID 7-14 days
Levofloxacin 250 mg BID 7-14 days
Ciprofloxacin 500 mg BID 14 days
G Nitrofurans
Furazolidone 200 mg BID* 7 or 10 or 14 days
H Ansamycin
Rifabutin 150 mg BID 14 days
I Proton Pump Inhibitors

(use double a normal dose)
Omeprazole 20 mg BID
Esomeprazole 40 mg BID
Lansoprazole 30 mg BID
Pantoprazole 40 mg BID
Rabeprazole 20 mg BID

*Treatment priorities are normally: IBC—IBD—IBEG. For penicillin
allergy choose ICD or IAED—IFH.

"When Pepto Bismol is not available, substitute DeNol 1 tablet QID. RBC
is not available in all countries.

*Side effects are likely as doses of clarithromycin, metronidazole and fura-
zolidone increase.

Evidence suggests that treatment may reverse dysplasia but not
intestinal metaplasia. In patients with severe intestinal meta-
plasia associated with atypical changes or dysplasia, it is prob-
ably worthwhile at present to attempt to eradicate H. pylori
from the mucosa. In patients with gastric lymphoma, a condi-
tion seen more commonly in developed countries, eradication
is mandatory because tumor regression occurs when H. pylori
infection is treated. There is no evidence to date, however, that
eradicating H. pylori in patients with gastric cancer will affect
the course except to prevent further new cancers.

Reinfection with H. pylori makes vaccine use highly attrac-
tive in some countries yet the high reinfection rates suggest
that finding an effective vaccine may be quite difficult. Vaccines
need to work in children to prevent early infection in order
to protect against ulcer disease and gastric cancer. As noted
previously, natural immunity to reinfection is weak, thus
another possible use for the vaccine will be to prevent recur-
rence of H. pylori infection after effective antimicrobial therapy.
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H. pylori infection is one of the most common infections

in the tropics, significantly associated with peptic ulcer dis-
ease, gastric cancer, and possibly with other enteric infections.
New diagnostic, therapeutic, and preventive measures will
undoubtedly determine the evolving approaches to better con-
trolling the consequences of H. pylori infections worldwide.
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