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1 Introduction

Work in the primary care setting in 1980 showed that about 1% of a United
Kingdom population presented to their general practitioner with food-related up-
per abdominal pain (GeAr and BARNES ( 1980). On investigation one third of these
patients had a peptic ulcer, a third had no obvious abnormality (non-ulcer dys-
pepsia) and the remainder various other disorders such as gallstones, irritable
bowel ete. The two main aims of management of peptic ulcer disease were healing
of the acute lesion and prevention of recurrence. In the late 1970s and early 1980s
numerous studies confirmed that this could be attained by controlling gastric acid
secretion with the histamine H, antagonists; thus proving Karl Schwarz” maxim
no acid no ulcer — (Scuwarz 1910; BurRLAND and SIMKINS 1977: GUT MuvLri-
CENTRE TRIAL 1979; WarT et al. 1981). Soon the histamine H, antagonist became
the mainstay of treatment; accounting for a substantial proportion of drug costs
worldwide. The outcomes of large drug company sponsored multicentre studies,
involving gastroenterologists across the world, supported the lifelong use of
maintenance Hs antagonists (GoudGH et al. (1984).
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2 First Reports

It is small wonder then that the initial report by WARREN (1983) and MARSHALL
(1983) of the strong association of a Campylobacter-like organism (CLO) with
gastritis and peptic uleeration was greeted with such scepticism by the gastro-
enterology fraternity. How could a bacterium found in the gastric antrum play a
role in the actiology of duodenal ulceration which was, after all, caused by an acid
diathesis?

As the organism was Campylobacter-like, it seemed natural for MARSHALL Lo
present his work at the Second International Workshop on Campylobacter Infec-
tions in Brussels in September 1983. Here his work was received with great interest
and prompled worldwide research which was initially led by microbiologists. Since
1980, WARREN had noted Campylobacter-like bacteria on tissue sections of the
gastric antrum in patients with the histopathological appearance of chronic active
gastritis. They were not obvious in sections stained with haematoxylin and eosin,
but showed up clearly with Warthin-Starry silver staining. They were found in all
I3 patients with duodenal ulcers, 80% of patients with gastric ulcer and 96% of
patients with chronic active gastritis. By contrast, they were found in only two of 31
control patients. MARSHALL and WARREN'S initial attempts to culture organisms
from the biopsy specimens in a microaerobic atmosphere at 37°C were un-
successful. Their first positive culture was noted afler plates had been left in the
incubator for 6 days during the Easter holidays. Thereafler, with extended in-
cubation, isolation of Campylobacter-like organisms (CLOs) was easily atlained.

AL the 1983 Campylobacter workshop WarreN and MarsHALL described the
first use of tripotassium dicitrato bismuthate (De-Nol) for the treatment of Heli-
cobacter pylori. The CLOs and inflammatory response disappeared during treat-
ment although they reappeared after cessation of the bismuth sall. MARSHALL,
using ‘in house’ bismuth discs, had confirmed that CLOs were very sensilive (o
bismuth.

Just before the workshop a positive culture was obtained al the Worcester
Royal Infirmary, UK, from a woman with gastric ulcer, demonstrating that the
organisms were not exclusively Australian (McNuLTy and Watson 1984). It was in
Worcester, during informal discussions between Skirrow, DyEr and MARSHALL,
that the extremely appropriate name Campylobacter pyloridis was proposed. The
word pyloridis derived from the Greek pylorus, **gatekeeper”, one who looks both
ways, forward to the duodenum and back to the stomach.

MarsHALLS findings stimulated great discussion between the medical micro-
biologists who had a great interest in Campylobacter spp., and the veterinary mi-
crobiologists amongst whom there was a wealth of knowledge of animal spiral
bacteria adaplations allowing survival in the intestinal tract. How could these
CLOs survive in such enormous numbers in the gastric acid milieu and in the
presence of such an intense immune response? Were the CLOs of primary or sec-
ondary importance in the actiology of peptic ulceration; were they commensals or
pathogens?
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3 Dissemination of Work

Following Brussels the worldwide search for Campylobacter began. In May 1984
the first of many letters in the columns of the 1984 Lancet appeared, corroborating
the earlier reports of Warren and Marshall on the presence of CLOs in gastric
biopsy specimens and the association of these organisms with peptic ulcer and
histological evidence of gastritis (McNuLTy and Watson 1984). The Lancet was a
very important source of information in 1984 and 1985 and its correspondence
columns regularly featured new work on € ‘umpylobacter pyloridis.

Early workers in the field were mainly junior physicians whose minds were not
cluttered with preconceived ideas or prejudices of gastroduodenal pathology, so
with cach short report something new about the CLOs was revealed. It was very
exciting to be involved in this pioneering work and to be challenging the established
ideas on gastroduodenal discase. However, it was very difficult to convince others
that C. pyloridis was such an exciting development. [nitially the organisms effect on
the gastric physiology was not understood and some of the data seemed conflicting.
Langenberg et al. (1984) found that C. prloridis was present in both patients at risk
of peptic ulceration with a high gastric acidity and 24% of healthy non-dyspeptic
volunteers. Although C. pyloridis was always associated with chronic active gas-
tritis, was il so commonly present that it could be considered part of the normal
flora? 1t was also recognised that many pathogens produce a wide spectra of dis-
case. LANGENBERG also first described the striking urease production of C. pylor-
idis. A positive urease test was visible only a few minutes after a suspension of a
loopful of growth was added to Christensen’s urea broth-could the production of
urease be a protective mechanism against gastric acid? The Lancet columns also
reported the early serological study by ELpripge et al. (1984). They showed that
the presence of complement fixing antibody (using a sonicate of the organism as
antigen) was also correlated with gastritis; this work seemed to produce more
concerns-how could this organism persist in the presence of such a good immune

response?

4 Earlier Descriptions

If detection of the gastric CLOs was scemingly so easy, why had its relationship
with gastritis and peptic ulceration not previously been described? Gastric spiral
organisms had been seen by Rappin over a century before in the dog (Rappin 18815
quoted in Breep et al. 1948), a nd his observations were confirmed and extended in
the dog and other mammalian species by other authors, (Bizzozero 1893). In 1906
K rienitz described spiral organisms in the stomach contents, including vomit of a
patient with carcinoma of the lesser curvature of the stomach. He identified three
types of spiral bacteria; one, like the new gastric CLO, a spirochaete, and one larger
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organism such as the more recently described Helicobacter heilmanii, McNuLTY
et al. (1989). This study, however, did not include microscopy of the gastric mu-
cosa. DoenGEs in 1938 was the first to describe spiral organisms in the human
gastric mucosa; they were present in 43% of patients in post-mortem specimens.
Others confirmed that this organism was commonly found in the gastric mucosa,
but SteEr and CoLin-JONES were the first o attemplt culture in 1975. They gave a
detailed description of gram-negative bacteria that were found over extensive areas
of the gastric mucosa deep to the mucus layer. They observed that the organisms
were absent from areas of intestinal metaplasia, later confirmed by Thomas (1984).
Unfortunately, microaerobic incubation was not routinely available at this time
and so there was little chance of growing the CLOs. Pseudomonas aeruginosa was
isolated, and SteEr and Covin-Jones wrongly assumed that this organism was
responsible for the loss of mucus and polymorphonuclear infiltrate.

In the 1970s and early 1980s there was much work performed on the histo-
logical classification of gastritis (STrRICKLAND and MacKay 1973; Correa 1980),
but despite this plethora of work few mentioned the CLOs that are now so obvious
to us all. We are often so blinkered in our approach that we see only what we are
taught should be there, and ignore everything else.

As LANGENBERG described, the intense urease reaction by C. pyloridis was
striking. In 1984 I started dabbling in gastric urease mysell. Was the urease pro-
duction so great that C. pyloridis could be detected in the gastric mucosa indirectly
by this method? I was very excited to find that this was indeed so (McNuLTy and
Wisk 1985). The biopsy urease lest became the most rapid diagnostic test and is
now used worldwide. The presence of urease in the gastric mucosa was the basis of
an MD by FrrzgeraLp and Mureny published in the frish Journal of Medical
Science in 1950. They found high concentrations in the pyloric region and pre-
sumed that the amount of urea present could be related to its possible neutralisa-
tion or protective power. They also found that urease could be demonstrated in the
stomachs of all animals they studied (dog, cat, pig, mouse, rat, rabbit and frog) — of
course Helicobacter spp. have now been confirmed in most of these animals. They
were not able to demonstrale an association with dyspepsia but suggested that urea
administration should be of help in the treatment of peptic ulceration.

5 Escalation of Work

By the summer of 1984 over 500 dyspeptic patients had been studied worldwide,
confirming the strong association of C. pyloridis with chronic active type B gastritis
and duodenal ulceration, but although workers in the field felt that C. pyloridis was
responsible, there was no proof of causation. Kocu’s (1882) first two postulates
(a) that the organism must be found in all cases of the disease, and that its dis-
tribution should be in accordance with the lesions observed, and (b) that the or-
ganism should be cultured outside the body of the host in pure culture for several
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generations, had been proven. The aim was then to prove all of Kocu's four
postulates with animal inoculation and treatment studies.

Kocw's third postulate states ‘the organism musl reproduce the same disease in
a susceptible animal” and the fourth states ‘the organism should be found in the
diseased areas produced in the susceptible animal’. Initial pig inoculation studies
were unsuccessful (MarsHaLL 1989); therefore MARSHALL el al. (1985a) planned
their famous self-inoculation study. Gastric biopsy specimens taken before the study
confirmed that MarsHaLL had a normal gastric mucosa a nd C. pyloridis was absent.
MaRrsHALL drank a pure broth culture of C. pyloridis (from a man with chronic
active gastritis) on an emply achlorhydric stomach. Ten days later gastric biopsy
specimens showed that he had developed a chronic active gastritis and CLOs could
be seen adhering to the gastric mucosa. Cultures of antral mucosa grew C. pyloridis.
MagrstaLL had mild dyspeptic symptoms and putrid breath. Symptoms resolved
within 24h of starting tinidazole. There was evidence, from published papers, that
human inoculation had occurred accidentally in some gastroenterology volunteer
studies. An infectious aetiology was suspected in an epidemic of hypochlorhydric
gastritis that occurred in 1979 after gastric pH studies in 39 Texan volunteers
(RamsEY et al. 1979). Acute onset of gastrilis with symptoms that lasted 1-4 days
occurred in 17 of the 39 volunteers whose gastric pH was repeatedly measured using
a common pH electrode over an 18 month period. A severe fundal gastritis was
found in all 12 volunteers in whom histopathology was available. After MARSHALL
contacted the study group, retrospective analysis of the tissue sections showed that
the gastritis was associated with the presence of C. priloridis in the gastric mucosa. It
was presumed that the bacteria were transferred from one case (o another on a wel
pH electrode, with the source of infection being one of the volunteers or a previously
studied patient with gastritis. These volunteer studies certainly helped to convince
the sceptics that the C. pyloridis was responsible for gastritis, but naturally clinicians
were interested in the clinical relevance of infection. They had no interest in KocH's
postulates proposed more than a century before! If C. pyloridis was treated would
ulcers heal and would there be symptomatic improvement?

5.1 Believers and Non-believers

There was conflict between those with an interest in C. pyloridis (the believers) and
the non-believers. Believers felt that should these organisms prove important in the
actiology of gastritis and duodenal uleeration, the current approach to treating
these conditions was incorrect. Although Hs receptor antagonists produced
symplomatic and endoscopic resolution of peptic ulceration, they had no effect on
histologically confirmed gastritis (FULLMAN ¢l al. 1985), and relapse was higher
with these agents than with the bismuth salts that had in vitro activily against
C. pyloridis (MARTIN el al. 1981). Believers felt that the clinical difference between
these agents was indeed due to their differing activity against C. pyloridis. The Hs
antagonists had little in vitro activity (Goopwin et al. 1986), and this was con-
firmed in vivo (LANGENBERG et al. 1985).
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Treatment trials using bismuth salts or antimicrobials started in earnest; we,
the believers, felt convinced that we would be able to cure chronic active gastritis
rapidly and effectively by the eradication of C. prloridis. In vitro studies showed
that the organism was susceptible o a wide range of antimicrobial agents, including
erythromycin, amoxycillin and bismuth salts (McNuLTy et al, 1985b) and these
were used in the initial studies. By the next Campylobacter workshop in July 1985
preliminary resulls were available from four centres in Europe and Australia.
Amoxycillin and bismuth both produced a striking effect on the gastric mucosa. In
75% of patients the C. pyloridis was cleared and the histology of the gastric mucosa
had dramatically improved with the disappearance of polymorphonuclear cells and
decrease in mononuclear cells (Jones et al. 1985; LANGENBERG el al. 1985: MAR-
SHALL et al. 1985b; McNuvry et al. 1985a). Unfort unately long-term clearance of
C. pyloridis was not maintained and recrudescence of the organism was associated
with the return of the cellular infiltration. Erythromycin and spiramycin, which had
excellent in vitro activity, did not clear or even suppress C. pyloridis (LANGENBERG
ctal. 1985; McNuLty et al. 1985a). Although these treatment studies confirmed the
close association of C. pyloridis with gastritis and its pathogenic role; they were also
very disappointing. C. pyloridis was not going Lo be so easy Lo eradicale as we first
envisaged!

The first treatment trials in patients with peptic ulceration were performed by
MARSHALL'S group; because of the disappointing results with single agents, they
combined De Nol with tinidazole or amoxycillin. Results were much better and
only 2 of 17 patients cleared of C. pyloridis relapsed (MARSHALL el al. 1985h).

In July 1985, at the 3rd Campylobacter Workshop, workers from Australasia,
Europe, North America and Japan presented their findings on C. pyloridis. All
showed un association with gastritis, although the prevalence in some countries was
notably higher than others (84% in Japan, 35% in the UK) thus giving a hint at the
differences in worldwide prevalences that would later be described (IsHir et al. 1985;
Piarson et al. 1985; Lk el al. 1985).

By this meeting optimum cultural methods had been established (GoobwiN
et al. 1985), and only quite minor modifications to selective medium have been
made since. Much was known about the ultrastructural and biochemical char-
acteristics. In many ways C. pyloridis was similar (o other Campylobacter species in
size, morphology, Gram-negativity, oxidase and catalase positivity, molility, need
for microaerobic conditions, respiratory type of metabolism and guanine-cylosine
content (Morris 1985). However, there was a growing list of differences apart from
the intense urease production which was so distinctive: suggesting that placement in
the genus Campylobacter should be regarded at tentative (Morris 1985).
C. prloridis had up to five sheathed flagellae (with bulbous tips) that exited the cell
with no cell end modification as in Campylobacter spp. (Curry et al. 1985). The
major protein bands on electrophoresis (PEarson et al. 1984), and major fatty acid
detected by gas liquid chromatography (Hubson and Warr 1985), distinguished
C. pyloridis from other Campylobacter spp.

It was becoming evident that C. pyloridis was specifically adapted Lo survival
on the gastric mucosa, and in gastric mucus. Careful examination of the gastric
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mucosa by Hazere and Lee (1985) showed that C. pyloridis localised at inter-
cellular junctions where it could utilize urea and other growth substances, and its
corkserew motility allowed movement through highly viscous concentrations of
methyl cellulose (simulating mucus) that severely impeded the movement of more
conventional rod shaped bacteria. The organism could also survive on the gastric
mucosa despite an intense immunological response. Circulating antibodies to
C. prloridis in patients with gastritis were now sufficiently specific to allow ser-
odiagnosis. A number of dominant antigens relating to the outer membrane and
flagella had been identified (NeweLL 1985), and these were now being used in
ELISA serodiagnosis. These lests were Lo pave the way for extensive worldwide

seroepidemiological studies.

6 1985

A leader in the Lancet following the Ottawa meeting stated — the accumulaling
evidence is tending to support rather than refute the Australian hypothesis; the
odds are shortening. Yet more work needs to be done before we accepl a concepl
that could radically change the management of dyspepsia and ulcer diseases (ANON
1985). The believers were making progress but were nol thus far winning the de-
bate!

Acknowledgements. Thanks to Jill Whiting for her patience in typing this manuscript,
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1 Introduction

19

In the world of modern medicine it is rare that the understanding of a previously
described clinical disease is so completely revolutionized that clinical textbooks
must be rewritten. This, however, has been the outcome of the isolation of He-
licobacter pylori from the human stomach. Only 15 years after its initial isolation,
this bacterium has been proven to be the etiological agent of acute on chronic
gastritis, and a predisposing factor in peptic ulcer discase, gastric carcinoma and B
cell mucosa-associated lymphoid tissue (MALT) lymphoma (Granam et al. 1992;
IARC 1994: MARSHALL el al. 1985; PARSONNET el al. 1994).

School of Microbiology and Immunology, University of New South Wales, Sydney 2052, Australia




12 H.M. Mitchell

Although today many questions relating to the epidemiology of H. pylori have
been delineated, a number of controversial issues still remain. In this chapter I hope
Lo provide the reader with a clear picture of the established facts in relation to the
epidemiology of H. pylori, to outline current areas of epidemiological research and
Lo discuss the clinical implications of epidemiological studies.

1.1 Prevalence of Infection

Epidemiological studies have shown that H. prlori infection is ubiquitous, with
approximately 50% of the world’s population being estimated to be infected with
this organism. The prevalence of H. prilori infection is similar in males and females
and it is believed that once a subject is infected, the bacterium persists for life
(PouNDER and NG 1995). Although infection with 4. priori may occur worldwide,
significant differences in the prevalence of infection have been reported both be-
tween and within countries (MEGRAUD el al. 1989; Mrrcuiit et al. 1992a). In
general, the prevalence of infection in developing countries has been shown (o be
higher than that in developed countries. For example, in developed countries such
as the United Slates, the United Kingdom and Australia, the overall prevalence of
infection has been found (o range from 19% to 57% whereas in developing
countries such as China, Thailand and India overall prevalence rates of between
44% and 79% have been reported (Granam et al. 1991a.b: MrrchLr et al. 19924:
Perez Pirez et al. 1990; Sitas et al. 199]: WHITAKER el al. 1993). Comparison of
the age stratified prevalence rates from such countries indicates that the difference
in prevalence between developed and developing countries relates (o the rate of
acquisition of H. pylori in childhood. For example, in a comparison of the prev-
alence of H. pylori infection in asymptomatic subjects living in Australia with that
in a southern province of China we found 4% of Australian children under 10 years
of age to be infected with H. pylori compared with 27% of Chinese children. Over
this age, however, the increase in prevalence of infection was similar in both
countries, being in the order of 1% per year (MrrcHELL et al. 1992a).
Examination of epidemiological data from other developed and developing
countries has supported this finding with the prevalence of H. pylori infection in
children under 10 years resident in developed countries being approximaltely 0%
5%, compared with 13%-60% in children resident in developing countries. Over
this age an increase in prevalence in the order of 0.5% 2% per annum is commonly
observed (MoaGEL et al. 1990; GrAHAM et al. 1991b; Jones et al. 1986; MEGRAUD
elal. 1989; MrrcHiLL et al. 1992a; Periz Periz et al. 1990). Initially this increase in
prevalence with age was interpreted as acquisition of H. pylori over time: however,
in recent years it has been proposed that this may relate to a cohort moving through
the population. In this latter scenario, the increasing prevalence of H. pylori oc-
curring from younger to older subjects would reflect the passage through (he
population of distinct cohorts. That is, all persons are infected in childhood and the
decreased levels of H. pylori infection associated with younger age groups, par-
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ticularly in developed countries are due to gradual improvements in medical care,
sanitation and or living conditions.

Evidence to support this latter view has been provided by a number of studies
(BANATVALA el al. 1993; CurLen et al. 1993; RepLoGLE et al. 1996). For example,
CurLen el al. (1993) showed the prevalence of H. pylori in serum samples collected
from 141 adults in 1969, 1978, and 1990 to be 39%, 40.9% and 34.8% respectively.
Of 86 subjects who were seronegative in 1969, only six (7%) were found o be
seropositive in 1990. As a result of this study CuLLen and associales (1993) con-
cluded that the increasing prevalence of H. pylori with age was due to a cohorl
effect and that acquisition of infection in adults was rare. In contrast, Veldhuyzen
van Zanten et al. (1994) have argued that the increase in H. pylori prevalence in
adulthood is due to acquisition. In a prospective 3-year cohort study examining the
seroprevalence, conversion, and reversion rale of H. pylori infection in 316 ran-
domly selected Canadian non-patient subjects aged 18-72 years, they showed the
crude annual H. pylori seroconversion rate to be 1% and the “‘spontaneous”
seroreversion rate 1o be 1.6%. These authors considered that a continuous risk of
acquisition of 1% /year best explained the pattern of H. pylori infection in this
Canadian population. Although the sample size of this study is small it does show
that seroconversion can occur after childhood.

Hence at the present time, the ability to clearly differentiate between the
gradual acquisition of infection and a cohort effect remains unresolved. In order to
obtain a true evaluation of the situation, large cohort studies using in the order of
1000 individuals followed for a period of at least 5 years will be required. At the
end of this time, given an acquisition rate of 0.5%-2% per annum, one would
expect to find that 25-100 subjects would have seroconverted (Mrrenepe 1995).

1.2 Source of Infection

Humans appear to be the natural host for H. pylori, and it has been postulated that
H. pylori has adapted itself to the ecological niche of the human stomach (Leg and
HazerLe 1988).

Over the years a number of studies have suggested that animals may act as
reservoirs for H. pylori; however, evidence to support this view is on the whole
unconvincing. Two early epidemiological studies by Morris and associates (1986)
and VAira et al. (1988) showed the prevalence of H. pylori infection Lo be signifi-
cantly higher in meat workers and abattoir workers than that in subjects not in-
volved in handling animals or animal products; this finding led these authors to
suggest that H. pylori infection was a zoonosis. Although studies have shown that
both germ-free and specific pathogen free pigs can be experimentally colonized with
H. pylori, attempts to identify H. pylori in abattoir pigs using both cultural and
serological techniques have failed (EAToN et al. 1990; ENGSTRAND et al. 1990;
GRrasso el al. 1996; Rocua et al. 1992). It is now believed that the increased
prevalence of H. pylori infection observed in abattoir and meat workers may have
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resulted from cross reactivity between H. pylori and antibodies to other gastroin-
testinal organisms such as Campylobacter jejuni present in the sera of these workers
(Fox 1995; MrrcHiLL 1993).

Several groups have reported the isolation of H. prlori from rhesus monkeys;
however, given the rare association between man and monkeys, it is doubtful
whether this represents an important reservoir of infection (DuBoIs el al. 1994; Fox
1995; HanpT et al. 1997).

Domestic pets have also been suggested as a possible reservoir of H. pylori.
Prior to the isolation of H. pylori rescarchers had observed that cats harboured
gastric spiral organisms (LeE el al. 1988). Subsequent investigation of these spiral
organisms using 16 S rRNA sequence analysis showed them to differ from . priori
but to be sufficiently homologous to be included in the genus Helicobacter; they
have since been named H. felis and H. heilmanni (Fox 1994: Lig et al. 1988).
Interestingly, these organisms have been reported to be associated with chronic
gastritis in a small percentage (0.08%-1%) of humans (HeiumMANN and BORCHARD
1991; Lee et al. 1995: Stourte et al. 1994). Recently, HAnDT et al. (1994, 1995)
reported an H. pylori-like organism to be present in the stomachs of an entire
colony of pathogen free cats. This organism was shown by biochemical, phenotypic
and 16 S rRNA sequencing techniques to be H. prlori. Although Hanor et al. have
suggested that cats may represent an important reservoir of H. pylori it is important
to remember that these cats were commercially reared and had been maintained in
isolation. Seroepidemiological studies examining the relationship between pet
ownership and the prevalence of H. pylori have in general failed o support such a
relationship (ANSORG el al. 1995: Wess et al. 1994).

1.3 Transmission of H. pylori

Failure to reproducibly isolate H. pylori from reservoirs other than man suggesl
that direct person to person contact is the most likely mode of transmission of this
organism. In general, infectious diseases spread from person to person by close
contact are found to have a higher prevalence in institutions due (o close personal
contact and lack of personal hygiene. This observation has been shown to be true
for H. pylori, an early study by Berkowicz and L (1987) reporting the prevalence
of H. pylori infection in residents of an institution for the mentally handicapped (o
be significantly higher than that in normal blood donors (61% vs 19.7%). Similar
studies have corroborated this initial finding and have led to the view that close
personal contact is important for the spread of H. prlori (LAMBERT et al. 1995;
VINCENT et al. 1994). The finding that the prevalence of H. pylori infection is
significantly higher in the family members of children infected with A. pylori than
in family members of children not infected with H. pylori has led Lo the view that
transmission of H. pylori occurs mainly within the family setting (Drumm et al.
1990; MrrcHeLL et al. 1993). Indeed in a study by our group we have reported
evidence of transmission of H. pylori within the family setting. In this study a 21-
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month-old boy who presented with a bleeding gastric ulcer was shown to be acutely
infected with H. pylori. Serological investigation of the child’s family showed the
mother to have an established asymptomatic infection and his twin brother, who
had suffered an episode of vomiting al a similar time to his brother, to also be
acutely infected with H. pylori. Follow-up studies of the family showed that the
twins’ father became infected with H. pylori 7 months after the first twin’s episode
(MitchiLL et al. 1992b). Ina subsequent study we were able to show using random
amplification of polymorphic DNA (RAPD) polymerase chain reaction (PCR),
that the strains of H. pylori infecting these twin boys were identical and based on
serological studies, that a third child born some years after the initial episode had
become infected with H. pylori (MiTCHELL ¢l al. 1996a).

Although early studies examining the prevalence of H. pylori infection in
spouses suggested that transmission belween spouses was uncommaon (Perez PEREZ
et al. 1991: Pourish el al. 1991), recent studies have shown that a significant number
of couples may be infected with the same strain of H. pylori (GEORGOPOULOS €l al.
1996: Scrutze et al. 1995). In a study of the spouses of H. pylori-positive duodenal
ulcer patients, GEORGOPOULOS ¢l al. (1996) found 42/54 (78%) partners (o be
H. pylori positive compared with only 2/10 (20%) partners of H. pylori-negative
patients. Examination of the ribopatterns of the H. pylori strains derived from 18 of
these patients and their spouses showed that in each of eight couples a single strain
had colonized both partners, while in the remaining ten couples, each partner was
colonized by a distinct H. pylori strain. Although this study may suggest person-1o-
person transmission within couples, il is also possible that transmission occurred by
exposure 1o a common source of infection, or from contact with a child already
infected by one parent with H. pylori. Several studies have reported an association
between the number of children in a family and the prevalence of H. pylori infec-
tion, suggesting that children may facilitate the spread of H. pylori (BREUER €l al.
1996: Trn et al. 1994; Wuss et al. 1994).

1.4 Factors Influencing the Transmission of H. pylori

1.4.1 Socioeconomic Status

Studies conducted throughout the world have indicated that low socioeconomic
slatus may be associated with an increased prevalence of H. pylori infection. In
particular, the socioeconomic status of a subject during childhood is considered Lo
be an important determinant of the development of H. pylori infection. Socio-
cconomic status, however, is a broad criterion and encompasses factors such as
level of hygiene, sanitation, density of living and educational opportunities, some
or all of which have been reported to influence the level of infection within a
population. The role of socioeconomic status per se is particularly clear il one
examines the prevalence of H. pylori infection in poorer racial groups living in
developed countries. For example, in a study in the United States where the so-
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cioeconomic status in childhood was estimated in a black and Hispanic population,
Maraty and Granam (1994) showed the prevalence of H. pylori infection to be

inyersely related to the social class during childhood, with the prevalence of

H. pylori infection in the lowest social class being significantly higher than that in
the highest social class (85% vs 11%).

1.4.2 Density of Living

A factor that has been consistently related o an increased prevalence of H. pylori is
density of living (McCALLION el al. 1996; MENDALL et al. 1992: MitcHELL el al.
1992a). For example, in a large cross-sectional seroepidemiological study in China,
we have shown high density of living 1o be the major factor rel

aling to the higher
prevalence of H. pylori infection in a large city

area as compared with a rural area
of Guangdong province (MrreHeLL et al, 1992a). The importance of overcrowding
in the acquisition of H. pylori is further supported by the finding that bed sha ring in
childhood is associated with 2 higher prevalence of H. pylori infection (McCALLION
et al. 1996; Wens el al. 1994),

1.4.3 Educational Level

Several studies have identified educational level as an important determinant of
H. pylori prevalence (FormaN et al. 1993; Granam et al. 1991a; Rosenstock el al.
1996). For example, in a large seroepidemiological study in which the prevalence of
H. pylori infection in 3194 asymptomatic subjects living in 17 different populations
was determined, Forman et al. (1993) found the prevalence of H. pylori infection Lo
be inversely related to educational level, 34% of subjects with a tertiary education
being infected compared with 47% of those with a secondary education and 63% of
those with only a primary school education.

1.4.4 Sanitation

Low levels of sanitation have also been associated with an increased prevalence of
H. pylori infection al (MOAGEL et al. 1990: MENDALL el al. 1992; Pirkz Prrez et al.
1990). For example, it has been reported that the absence of running water in the
childhood home is a significant risk factor for H. prlori infection (MENDALL et al.
1992). In adults, however, Basso et al. (1994) found no significant change in the
prevalence of H. pylori infection in 130 asymptlomatic Irish soldiers following
6 months peace duty in Lebanon, despite the fact that these soldiers had been
exposed to poor living conditions and sanitation (Basso et al. 1994),

The importance of improved living conditions on the prevalence of H. pylori
infection has been supported by the

finding that in countries where socioeconomic
conditions have improved over the |

ast few decades, a decline in the prevalence of
H. pylori infection has occurred, For example, in Japan Asaka el al. (1992) found
the prevalence of H. pylori infection to he significantly higher in subjects over
40 years (75%) compared with that in subjects 30 to 39 years (42%) and those 20 (o
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29 years (26%). Asaka et al. (1992) suggested that this fall in prevalence is related
to the significant improvement of the Japanese economy and hence living condi-
tions, following the Second World War (Asaka et al. 1992), Similarly, in Korea, a
country that has recently undergone substantial improvements in standard of liv-
ing, the prevalence of H. prlori infection has been reported to be changing, with a
markedly lower prevalence of infection in children of families of higher socioeco-

nomic status (MALATY et al. 19906).

1.4.5 Genetic Predisposition

In a study examining the importance of genelic factors on the acquisition of
H. pylori MALATY et al. (1994) compared the seroprevalence of H. pylori infection
in 100 monozygotic and 169 dizygotic twins reared logether and reared apart. This
study showed the correlation coefficient for the relative importance of genelic
predisposition on acquisition of H. pylori infection to be approximately 0.66, the
remaining variance being accounted for by shared rearing environmental factors
(20%) and non-shared environmental factors (23%). MALATY ¢l al. (1994) con-
cluded that genctic effects influenced the acquisition of H. pylori infection due to
greater similarities within monozygotic twin pairs and that sharing the same rearing
environment also contributed to the familial tendency to acquire H. pylori.

2 Current Research

Although many areas in relation to the epidemiology of H. pylori continue Lo be
investigated, it is probably true to say that the most studied and certainly the most
controversial area of research today is the determination of the route of trans-
mission of H. pylori. Clearly, if intervention strategies are to be introduced, such
knowledge is essential.

Given the location of H. pylori infection and the basic need of this bacterium
for gastric type mucosa for in vivo proliferation, it is probable that ingestion is the
most common means of acquiring H. pylori. Whether H. pylori reaches the oral
cavity via the faccal-oral or oral-oral route is, however, still open for conjecture.
Numerous arlicles from proponents of both routes of transmission continue (o
appear in the literature, however, whether one or both of these roules of trans-
mission is important in the spread of H. prlori remains unclear.

2.1 Faecal-Oral Transmission of H. pylori

In 1992 the first report of the isolation of I, pylori from human faeces appea red in
the literature. Tn this study THomas et al. (1992) reported the isolation of H. prlori
from the facces of one infected adult and 9 of 23 randomly selected children living
in a Gambian village. In 1994 Kerry and colleagues (1994), using the same
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isolation technique as THoMAS's group, also claimed to have isolated /. prlori from
the facces of 12 of 25 /1. priori-positive subjects with dyspepsia. Although based on
various phenotypic and genotypic characteristics KerLy ef al. claimed th
organisms isolated from (he faeces of these patients were
be interpreted with some caution as proof that the organisms cultured were
H. pylori was unconvincing. Attempts by other groups to isolate #. prlori from
patient populations using these methods have failed, and it has been suggested that
the ability of THomas et al. to culture H. pylori from Gambian children may be
related to the fact that these children were malnourished 2 nd had
faecal transit time (MEGRAUD 1995).

Although there is some supportive evidence for
through the intestine (DyE et al. 1990), (his bacterium is
passage. Several groups have shown that H. pylori is sensitive to the lethal effects of
bile (MrrcHELL et al. 1992¢; Raspscn el al. 1989) hence survival of #. prilori after
transit through the intestinal tract is unlikely,

Altempts to detect H. pylori DNA in faeces via PCR has produced vari
results. In such studies, specific primers directed
probe faecal samples from patients infected w

at the
H. pylori, this study must

a extremely short

the passage of . pylori
not well adapted for such

able
against H. pylori have been used to
ith H. pylori. While Mapstong el al.
(1993a) and Nora RNICOLA el al. (1996) reported H. pylori DNA to be prese
high percentage (89.6% and 95.6%, respectively) of faecal samples obtained from
patients known 1o be infected with H. pylori, NAMAVAR el al. (1995) found H. priori
DNA in the faeces of only | of 15 (7%

ntina

1) patients whose stomach biopsies were
positive for H. pylori DNA. Although detection of H. priori D
add to the evidence supporting the faecal-oral route of Lransmissi
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It H. pylori is transmitted by the |
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accal-oral route, one might predict that, as
faecal-oral route, both food and water (via
faecal conlamination) represent a reservoir of infection. In 4 study of the prevalence
of H. pylori infection in Peruvian children, K g et al. (1991) have reported an
association (o exist between the prevalence of H. pylori infection nd their source of
drinking water. In this study, children whose homes had an external water supply
were found to be three times more likely to be infected with £/, pylori th
children whose home had an internal water source. Attempts to culture . priori
from water samples at (his time were unsuccessful; however, this group has sub-
sequently reported the detection of 4. priori DNA using PCR in drinking water
samples collected from the same areas (HurTen et al. 1996). Horkins et al. (1993)
have suggested that contamination of vegetables with water containing raw sewage
and subsequent consumption of uncooked vegetables may be an important mode of
transmission of H. pylori. In a study in Chile these authors found a correlation to
exist between H. prlori seropositivity in children and the consumption of uncooked
vegelables; however, this correlation was associated more with older children (> 5
years) and hence unknown confounding faciors may be involved.

Epidemiological studies in China have failed to support the view that water is u
significant factor in (he dissemination of /. priori. In a |

an those

arge seroepidemiological

study in southern China,
(45%) despite the fact th
prior to consumption (}
examining the role of wi
same Chinese populatia
transmitted by the faecal
transmitted by the faeca
hepatitis A to be similar
seroprevalence data from
hepatitis A, when the pre
evidenl that no such corr
of H. pylori infection in si
of these subjects was shoy
we concluded that comi
limited importance (HAzi
the patterns of hepatitis |
UK, Wess et al. (1996) al
H. pylori and hepalitis A
modes of transmission, [

ol transmission.

2.2 Oral-Oral Transn‘

Reports supporting the ¢

from studies examining
H. pylori has been sImwnJ
(VaroLt et al. 1991) infe ‘
gastric juice may represel

gastro-oral route of 11'&]111\'1‘
example, our group (1993
dren, where rcgurgileiliml\
gastric secretions may rc|i‘
with gastric secretions h;is}
infection reported in g;lslrj
in the reported epidemic:
experiments (GRAHAM el i

Although attempts to
proved Lo be fruitless, a |‘

vestigating the route of i
H. pylori from the dental
shown to be positive for
analysis of the H. pylori st
patient subsequently show:




e

The Epidemiology ol Helicobacter pylori 19

study in southern China, we found the prevalence of H. pylori infection Lo be high
(45%) despite the fact that the majority of subjects in this study boiled their water
prior to consumption (MITCHELL et al. 19924). In a second study by our group
examining the role of water in the transmission of H. pylori, we compared in the
same Chinese population, the prevalence pattern of hepatitis A (an organism
(ransmitted by the faecal-oral route) to that of H. prlori, for if H. pylori is indeed
transmitted by the faecal-oral route, one would expect the prevalence pattern of
hepatitis A to be similar to that of H. pylori. Although initial examination of the
seroprevalence data from rural areas supported a correlation between /. pylori and
hepatitis A, when the prevalence data from the urban area was examined it became
evident that no such correlation existed. Although in this urban area the prevalence
of H. pylori infection in subjects less than 10 years was high (approx. 32%), nol one
of these subjects was shown Lo be infected with hepatitis A. As a result of this study,
we concluded that community-wide faecal-oral spread of H. pylori may be of
limited importance (HAzeLL et al. 1994). In a similar cross-sectional comparison of
the patterns of hepatitis A and H. prlori seroprevalence in Stoke-on-Trent in the
UK, Wess el al. (1996) also found no correlation to exist between the prevalence of
H. pylori and hepatitis A, a finding that led these authors to conclude that other
modes of transmission, for instance, oral-oral contact, may be a more likely route

of transmission.

2.2 Oral-Oral Transmission of H. pylori

Reports supporting the concept of oral-oral transmission of H. pylori have come
from studies examining gastric secretions, oral secretions and dental plaque.
H. pylori has been shown to be present in the gastric juice of up to 58% of patients
(Varoul et al. 1991) infected with H. pylori, and hence it is possible that refluxed
gastric juice may represent vehicle of transmission for this organism. Indeed a
gastro-oral route of transmission has been suggested by a number of studies. For
example, our group (1992b) and Axon et al. (1995) have postulated that in chil-
dren, where regurgitation of gastric material into the mouth is fairly common, that
gastric secretions may represent possible vehicle of transmission. Direct contact
with gastric secretions has also been implicated in the higher prevalence of H. prlori
infection reported in gastroenterologists (Lin el al. 1994: MitcHiLL et al. 1989) and
in the reported epidemics of Helicobacter gastritis following gastric intubation
experiments (GRAHAM ct al. 1988; Ramsey el al. 1979).

Although attempts to culture H. pylori from the oral cavily have in many cases
proved to be fruitless, a number of studies have been successful. In a study in-
vestigating the route of transmission of H. pylori, Krajpen et al. (1989) isolated
H. pylori from the dental plaque of 1 of 29 patients whose stomach biopsies were
shown to be positive for H. pylori. Comparison using restriction endonuclease
analysis of the H. pylori strains isolated from the stomach and dental plaque of this
patient subsequently showed one of three strains of [. pylori isolated from dental
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plaque to be indistinguishable from that isolated from the stomach (SHAMES et al.
1989). Similar results have been reported by CrerLvLin el al. (1995), who isolated
H. pylori from the dental plaque of 1 of 20 endoscopy patients whose gastric biopsy
specimen were positive for H. pylori. Comparison of the protein patterns of whole
cells obtained from the stomach biopsy and from the dental plaque of this patient
showed these to be identical as was the restriction endonuclease pattern obtained
from DNA extracted from both of these strains (CeLLINg et al. 1995). In contrast (o
these studies, Desar et al. (1991) in a study of Indian dyspeptic patients found
H. pylori 1o be present in the dental plaque of 98% of patients. In this study,
however, identification of H. prilori was based solely on the urease test, which due
to the presence of other urease positive organisms in the mouth is likely to have
resulled in false positive results, The possibility of falsely identifying normal flora
from the oral cavity as H. pylori has recently been underlined by NaMAvARr el al.
(1995) who showed that organisms isolated from the tongue and palate of one
patient which were considered to be phenotypically identical to H. pylori (micro-
aerophilic, urease, catalase and oxidase positive) were in fact negative by an
H. pylori specific PCR. These authors concluded that use of routine enzyme
reactions may lead to the false identification of 4. prlori.

In 1993 FrrGuson et al. reported the isolation of low numbers of H. pylori
from the saliva of one of nine patients in whom gastric biopsies were shown (o be
positive for H. pylori. Comparison of the strains obtained from the stomach and
saliva of this patient using restriction fragment length polymorphism subsequently
showed the strains isolated from dental plaque and gastric tissue to be identical
(FErGuson et al. 1993),

The results of studies examining samples collected from the oral cavity for the
presence of H. pylori specific DNA have varied significantly (BANATVALA el al.
1994; Bickrey et al. 1993; CAMMAROTA el al. 1996; Marestone el al. 1993b:
NGuyen et al. 1993). For example, BANATVALA el al. (1994) using an H. prlori-
species specific ureAd (urease) gene internal sequence showed 39 of 54 (72%) dental
plaque samples taken from patients attending for endoscopy to be positive for
H. pylori DNA (BANATVALA el al. 1994). In contrast, MAPSTONE el al. (1993b) using
a 16S rRNA probe found H. pylori DNA to be present in only 38% of dental
plaque samples obtained from 13 patients with histologically confirmed H. prlori,
while CaMMAROTA et al. (1996) and Bick Lizy et al. (1993) failed to detect H. pylori
DNA in the dental plaque of any H. pylori-positive patients (MArsTONE ¢l al.
1993b; BickLiy et al. 1993; CAMMAROTA el al. 1996). It has been suggested that the
differences in detection rate of H. priori in these studies is related to the specificity
of the primers used (MuGrAUD 1995). Again, it is important to remember Lhat
detection of H. pylori DNA does not mean that viable H. pylori are present in oral
secretions.

A number of seroepidemiological studies have also suggested that oral secre-
tions may be important in the transmission of /. pylori. For example, ALBENOUE
et al. (1990) showed premastication of food by African mothers prior Lo feeding
their children to be a risk factor for /. pyloriinfection (ALBENQUE el al. 1990) while
Crow et al. (1995) reported the use of chopsticks and communal eating habits Lo be
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associated with transmission of H. pylori within Chinese communities outside of
China (Crow et al. 1995).

The finding that the prevalence of H. pylori infection in dentists or dental
workers is not increased has been used to argue against the oral-oral transmission
of H. pylori (BANATVALA el al. 1995: MALATY ¢t al. 1992; NGuyen el al. 1995).

3 Clinical Implications

3.1 Role of H. pylori in Gastroduodenal Disease

It is now well established that H. pylori plays an important role in peptic ulcer
disease, gastric cancer and B cell mucosa-associated lymphoid tissue (MALT)
lymphoma (GrRAHAM et al. 1992; IARC 1994; MARSHALL et al. 1985; PARSONNET
et al. 1994). Although almost half the world’s population is infected with H. pylori
only a small proportion go on to develop more serious sequalae. Why such subjects
are more susceptible to disease development is unknown; however, there is some
evidence to suggest that this may relate to infection with strains of H. pylori
showing enhanced virulence potential.

Over recent years a number of putative virulence determinants of H. pylori
have been proposed including, urease, the heal shock protein, vacuolating cyto-
toxin (vacA), the cytotoxin associated gene A (cagA) and the cytotoxin associated
gene 11 (cagll) (Crnsing et al. 1996). Although each of these determinants has been
investigated to some degree, it is cagA that has received most attention in relation
(o its role in disease development. cagA4 has been found to be present in approxi-
mately 60% of H. pylori strains and has been shown to encode a protein with a
molecular size of approximately 120-128 kDa. Serological studies have shown that
patients infected with cagAd positive strains of H. pylori produce both local and
systemic antibodies to the cagA gene product, the CagA protein (Cover el al.
1995). Seroepidemiological studies in patient groups resident in developed countries
have shown a higher prevalence of antibodies to the CagA protein in patients with
peptic ulcer disease than in those with gastritis alone (Covaccr et al. 1993; COVER
et al. 1990: Tummuru et al. 1993). For example, COVER el al. (1990) showed 100%
of patients with peptic ulcer disease to have antibodics to the CagA prolein as
compared with only 61.6% of those with gastritis alone (Cover et al. 1990). An
association between the presence of cagA4 and the development of gastric cancer has
also been reported (Braser et al. 1995; CRABTREE el al. 1993; PArsonNET et al.
1997). In a recent study PARSONNET el al. ( 1997) found persons infected with CagA-
positive strains of H. pylori to be three times more likely to develop intestinal
gastric cancer than persons infected with CagA-negative strains. When subjects
were evaluated by tumour type, this study showed that both phenotypes of H. pylori
appeared to increase the risk for diffuse type cancer while only the CagA phenotype
was associated with intestinal malignancy (PARSONNET et al. 1997).
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While for some years evidence Lo support a role for cagA in the development of
more serious gastroduodenal disease was quite compelling, recent studies in de-
veloping countries have questioned this view (MrrcHiLL et al. 1996b; Lace et al.
1995; MisnLke et al. 1995; Granam et al. 1996). In a study, examining the prev-
alence of antibodies to CagA in both asymplomatic and symplomatic subjects
living in Australia and The People’s Republic of China, our group has shown no
significant difference to exist between the prevalence of antibody to CagA in
asymptomatic Chinese subjects and in Chinese gastric cancer patients (85.7% vs
83.3%). In contrast, in the Australian population, as has been shown in other
developed countries, peptic ulcer disease patients were shown Lo have a higher
prevalence of antibody to CagA than patients with gastritis alone or an asymp-
tomatic blood donor population (MrrcheLL et al. 1996b). In a recent study o
confirm the association between carriage of cagA-positive strains of H. pylori and
more serious gastroduodenal disease, Granam et al. (1996) in a North American
population compared the prevalence of antibody to CagA in 100 patients with
peplic ulcer disease with that in 77 asymptomatic subjects with H. pylori infection
without uleer disease. The results of this study showed no significant difference Lo
exist between the prevalence of serum IgG antibodies o CagA in H. pylori infected
patients with ulcers (59%) and that in healthy . pylori infected volunteers (44%)
(Granam et al. 1996). Such findings have led to the view that there may be major
geographic differences in the prevalence of cagA-posilive strains.

Although more recent studies would suggest that cagA may not associated with
the development of more serious disease, one cannot rule out the possibility thal
this gene is a necessary but not sufficient factor in the development of peptic ulcer
discase and gastric cancer.

3.2 Infection with Multiple Strains

Recently it has been reported that patients may be infected with more than one
strain of H. pylori (HirscHL et al. 1994; JorGensen et al. 1996). In a recent study by
our group we have shown using RAPD-PCR fingerprinting techniques that 14 of 17
symplomatic Australian adult patients were infected with more than | strain of
H. pylori. In this study patients infected with more than one strain of H. pylori were
found to be predominantly Vietnamese and Greek, both ethnic groups known to
have a high prevalence of infection (JorGenseN et al. 1996).

Based on these findings, we have suggested that in developing countries due to
increased exposure to H. pylori, colonisation with multiple strains may be more
common. The finding that patients can harbour multiple strains of . pyfori may
also explain differences in the correlation between cagA and disease outcome in
different geographic locations.
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3.3 Reinfection After Treatment

An important factor with regard o patient management in H. pylori infection is the
issue of whether, following successful treatment of H. pylori infection, reinfection
with H. pylori can occur. Several studies have examined the reinfection rate of
H. pylori in palients treated for peptic ulcer disease. In general, in developed
countries, where adequate antibiotic therapy and H. pylori detection methods have
been used, reinfection rates have been shown to be low (0% and 1.2%:; Borobpy
et al. 1994; Granam et al. 1992). In a 9-year follow-up study of 1182 patients in
whom H. pylori appeared to have been successfully eradicated as indicated by a
well-validated ["*Clurea breath test, BerL and PowkLL (1996) reported 45 of 57
reinfections to occur within 6 months of treatment. Based on the reinfection rate in
the first 6 months of this study an annual reinfection rate of 9.5% per year would
be predicted; however, after the first year of the study the “reinfection’ rate was in
fact less than 0.6% per year. When the treatment regimens used in this study were
arbitrarily divided into five groups based on the following eradication rates, less
than 20%, 20%-39%, 40%-59%, 60%-79% and over 80%, the 6-month rein-
fection rates were shown to be 28.8%, 15.8%, 16.4%, 4.6% and 1.7%, respectively.
As a resull of this study BrrL and PoweLL (1996) suggested that in “Westernized™
countries, most so-called reinfections in adults are due to late recrudescence of a
suppressed infection rather than a true reinfection and that if an eradication
therapy has an efficacy of greater than 85% the true reinfection rate is very low,

To dale there have been a limited number of studies examining reinfection
rates in developing countries. In Southeast Asia, Gon et al. (1996) examined the
reinfection rate over a 2-year period in 38 duodenal ulcer patients in whom H. pylori
had been successfully eradicated. The results of this study showed the reinfection
rate to be zero in this patient group over this time period (Gou et al. 1996). In
contrast, in a I-year follow-up study in Chile, FiGueroa et al. (1996) reported 2/47
H. pylori-eradicated paltients to become reinfected after | year, giving a reinfection
rate of 4.2%/ycar. A similar reinfection rate (3.7%/year) has been reported in
Africa, where 2/27 patients in whom H. pylori had been eradicated were shown to
be reinfected over a 2-year period (Louw et al. 1995). Further studies, examining
large numbers of subjects are required to determine the true rate of reinfection in
developing countries.

3.4 Association of H. pylori with Extra-gastric Conditions
3.4.1 Diminished Growth

H. pylori infection has been associated with diminished growth in children (PaTiEL
el al. 1994; Raymonn et al. 1994). In a study by PateL et al. (1994) the growth in
height of H. pylori-infected children between aged 7 and 11 years was shown to be
diminished by a mean of 1.1 em (0.3-2.0 cm) over 4 years. This growth reduction,
however, was found Lo be largely confined to girls. As a result of this study the
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authors suggested that H. pylori infection delays or diminishes the pubertal growth

spurl. Further studies in this area are required to determine the relevance of

H. pylori in short-stature syndrome.

3.4.2 Coronary Heart Disease

Although initial studies in patients with coronary heart disease suggested a signi-
ficant correlation between H. pylori infection and coronary heart disease (MURRAY
et al. 1995; PatiL et al. 1995), more recent studies have failed to support this
association (DELANEY el al. 1996; RaTHBONE el al. 1996: SANDIFER et al. 1996). It
has been suggested that the association belween coronary heart disease and
H. pylori may be accounted for by confounding effects or factors related to relative
poverty in childhood.

4 Conclusion

Given the association between H. pylori and peptic ulcer disease, gastric cancer and
B cell mucosa-associated lymphoid tissue (MALT) lymphoma, there is an urgent
need for the development of intervention strategies to prevent the spread of this
bacterium. Although it would appear that the development of a vaccine against
H. pyloriis proceeding satisfactorily, it may well be 5-10 years before this becomes
available. Antibiotic treatment of all subjects infected with H. pylori is clearly out
of the question, hence public health measures based on epidemiological data have
the potential to play an important role. Current epidemiological studies have
shown that the major reservoir of H. pylori is man, and that the principal mode of
transmission is person to person, probably within the family setting. The higher
prevalence of H. pylori infection in developing countries as compared with devel-
oped countries has been shown (o relate to acquisition of H. pylori in childhood,
this period being the major period for acquisition [or this bacterium. Increased
acquisition of H. pylori has been related to social status, high density of living, low
levels of sanitation and genetic factors. To date, the route of transmission of
H. pylori remains unresolved with evidence for both oral-oral and faecal oral
transmission being reported. Clarification of this issue is essential i’ public health
measures are Lo be implemented to prevent the spread of H. pylori,
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2 Review of Current Research

2.1 Epidemiology

Dyspepsia is very common in the community, as is H. pyloriinfection (TALLEY et al.
1991). Approximately 25% of the population report recurrent pain or discomfort in
the upper abdomen annually; this is reasonably consistent from country to country
in the developed world, although comparable data are largely absent from the
developing world (TALLEY et al. 1991; K NiLL-JONES 1991). Similarly, the prevalence
of H. pylori, while dependant on age, ethnicity and socioeconomic status, has a
prevalence of 20%-50% in developed countries (MEGRAUD et al. 1989). A key
question is whether the overlap of H. pylori and dyspepsia is causal or coincidental
as both conditions are common and could overlap by chance. H. pylori gastritis is
found in 30%-70% of patients with NUD (LorreLD et al. 1988; GREENBERG et al.
1990). In a meta-analysis of clinical studies by ARMSTRONG (1996), the relative risk
of H. pylori infection was 2.3 times higher in patients with NUD than in controls
(95%, CI 1.9-2.7). However, there were methodological problems with many of the
referral-based studies included; in some studies inappropriate control groups were
used. To avoid or minimise referral and selection bias, population-based studies
have been conducted to try and determine the ‘true’ magnitude of the association
between H. pylori infection and NUD.,

One of these studies was conducted on a Swedish population using a postal
questionnaire which assessed 1260 adults aged between 20 and 79 years for abdo-
minal and gastrointestinal symptoms; 1097 (87%) responded and a sub-sample of
this population (50 symptom free and 100 with dyspepsia or irritable bowel syn-
drome) was randomly selected to determine whether their H. pylori status was as-
sociated with any of the 24 abdominal symptoms. The sub-sample was tested for
H. pylori antibodies (IgG); 55 (38%) were positive for H. pylori. The prevalence
increased with age but no gender difference was found. In the dyspepsia group
(n = 49), the prevalence of H. pylori infection was 33% which was less than the
symptom-free group (n = 48), where 48% were positive for H. pylori. The major
limitation of this study was that it did not apply endoscopy and hence any H. pylori-
related pathology (particularly peptic ulcer disease) could not be excluded (AGREUS
et al. 1995). NANDURKAR et al. (1998) similarly evaluated dyspeptic symptoms using
a validated questionnaire in consecutive healthy blood donors. H. pylori status was
determined by serology. They found that smoking and aspirin use but not H. pylori
were significant risk factors for dyspepsia but again endoscopy was not employed.

In a Dutch study, healthy employees undergoing periodic medical examination
were tested by H. pylori serology and filled in a questionnaire regarding dyspeptic
symptoms in the preceding 3 months. They found that there was an association
between dyspepsia and H. pylori, but that this disappeared when subjects with a
past history of peptic ulcer disease were excluded. They concluded that the presence
of peptic ulcer disease completely accounted for the association of H. pylori with
dyspepsia in this population (SCHLEMPER et al. 1995).
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In an excellent population-based endoscopic study from Norway, all 2027
persons in Sorreisa between 20 and 69 years of age received a questionnaire in-
quiring about abdominal complaints. Of those sent a questionnaire, 1802 (89%)
responded, and 782 subjects were invited to undergo an endoscopy with 619
accepting. A total of 309 subjects were classified as dyspeptic and 310 as non-
dyspeptic controls. H. pylori infection was determined by histology and microbi-
ological culture; 48% of dyspeptic subjects had H. pylori infection, compared with
36% of the controls, which was statistically significant (p = 0.004). However, after
age and gender adjustment, the prevalence of H. pylori in dyspeptic subjects and
controls with normal endoscopic findings was 53% and 35%, which was reported
to be not significant (BERNERSEN et al. 1992) although an unadjusted analysis
suggests that this difference is significant (OR 2.07; 95%, CI 1.16-3.71). Overall, if
age, socioeconomic status, race and country of origin are taken into account and
other diseases such as peptic ulcers excluded, the prevalence of infection with
H. pylori in NUD may be increased over that of asymptomatic controls but the
difference is very small.

2.2 Symptoms and H. pylori Status

The specific anatomical location of H. pylori makes it conceivable that character-
istic symptoms exist for H. pylori related pathologies (ARMSTRONG 1996). However,
a direct link between symptoms and H. pylori has been difficult to demonstrate.
Upper gastrointestinal symptoms are likely to be due to many different interactive
pathogenic mechanisms, and therefore investigating a single specific factor to try
and explain these symptoms may be inadequate.

2.2.1 Symptoms in Peptic Ulcer Disease and H. pylori

Peptic ulcer disease (PUD) is unequivocally linked to H. pylori, but even in this
setting the association with symptoms is not clear cut. Asymptomatic ulceration is a
well-described condition. In the population-based study of BERNESEN et al. (1990),
1% had silent ulcers. In clinical trials conducted prior to the H. pylori era, ulcer
recurrence and symptom recurrence were not always linked (JorDE et al. 1986).
Moreover, cure of H. pylori in patients with ulcer disease does not always lead to
symptom abolition (LABENZ et al. 1997).

2.2.2 Individual Symptoms in Non-ulcer Dyspepsia and H. pylori

A consistent pattern of symptoms has not been demonstrable in infected patients
with NUD (Table 1). For example, in an Italian study, H. pylori infection was
present in 107 (62%) of the 174 NUD patients. The only significant symptoms
associated with H. pylori infection were heartburn and burping (PRETOLANI et al.
1994). In a prospective German study, 149 consecutive NUD patients underwent
endoscopy with biopsies taken to evaluate H. pylori infection using the rapid urease
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Table 1. Symptoms associated with H. pylori infection and non-ulcer dyspepsia

Author n H. pylori Symptoms significantly
positive (%) associated with H. pylori

MarsHALL and WARReN 1984 65 58 ‘Burping’

Rokkas et al. 1987 55 45 Postprandial bloating

ANDERSEN et al. 1988 33 45 Nil

Borsch et al. 1988 649 52 Absence of flatulence

JEENA et al. 1988 69 78 Nil

LorFeLD et al. 1988 109 56 Nil

RAaTHBONE et al. 1988 193 54 Oesophageal reflux
symptoms

DELTENRE et al. 1989 200 64 Ulcer-like symptoms

GuRRE et al. 1989 96 40 Nil

SoBaLa et al. 1990 186 41 Nil

STrAUSS et al. 1990 37 60 Nil

Varia et al. 1990 107 58 Postprandial bloating

CoLLins et al. 1991 18 50 Nil

Gou et al. 199] 71 56 Nil

WaLDRON et al, 1991 50 36 Nil

SCHUBERT et al. 1992 474 36 Nil

Tuccr et al. 1992 45 60 Epigastric pain,
epigastric burning

HoveLius et al. 1994 127 35 Uleer-like symptoms

KemMER et al. 1994 149 51 Pain relief after food

test and histology. Seventy-six (51%) of the NUD patients were H. pylori positive
while 73 (49%) were H. pylori-negative. Symptom variables associated with
H. pylori included fasting pain and absence of diarrhoea, while symptoms of NUD
were present at higher intensity in H. pylori-positive patients than in H. pylori-
negative patients (KEMMER et al. 1994). Lat et al. (1996) studied symptoms in 384
NUD patients using a standard questionnaire and H. pylori infection was deter-
mined by scoring the density of H. pylori infection. Only heavy bacterial coloni-
zation of the corpus showed a significant association with ulcer-like pain. However,
when adjusted for age, no association with ulcer-like pain could be found based on
endoscopic findings. While some other studies have reported certain individual
symptoms seemed to be associated with dyspepsia (Table 1), this most likely just
reflects measurement of large number of symptoms resulting in chance associations
being identified (type 1 error).

2.2.3 Dyspepsia Subgroups

The classification of dyspepsia into subgroups in order to identify the underlying
pathophysiology aimed to promote identification of pathophysiological links. Early
satiety, postprandial discomfort or fullness, bloating and nausea constitute dys-
motility-like dyspepsia whereas epigastric pain waking the patient from sleep,
worsening with hunger and improving with meals or antacids are part of ulcer-like
dyspepsia (TALLEY et al. 1991). On the other hand, symptoms referrable to the
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esophagus alone, such as acid regurgitation or heartburn, are no longer considered
to be a part of dyspepsia, although patients with epigastric distress may concur-
rently have typical reflux-like symptoms (KrAUSER et al. 1990; TALLEY et al. 1994).

HovLtmANN et al. (1994) evaluated 180 consecutive healthy blood donors; 32%
were H. pylori positive on serology. They found that 26% of the subjects with
H. pylori and 24% without H. pylori had pain localized to the upper abdomen. The
seroprevalence of H. pylori was similar among dyspeptic patients who had symp-
toms suggestive of peptic ulcer disease versus groups with reflux-like or dysmotility-
like symptoms (Fig. 1). Similarly, other community-based studies of subjects with
NUD (Acreus et al. 1995; NANDURKAR et al. 1997) have not shown any associ-
ation between dyspepsia subgroups and H. pylori infection, although a treatment
response limited to ulcer-like dyspepsia has been identified in some studies (TREPSI
ct al. 1094: GiLvARrRY et al. 1997). However, the trial results have been inconsistent,
and there have been a lack of uniform methods used to define the subgroups and
score the symptoms which limits the external validity of the studies (TALLEY 1994a).
Dividing NUD into symptom-based subgroups has not resulted in an association
appearing although this in part may be due to the considerable overlap that exists
between dyspepsia categories.

2.3 Pathophysiological Mechanisms Linking Dyspepsia and H. pylori
If H. pylori causes dyspepsia in a subset of patients who are infected, how this

might come about in the absence of an ulcer crater is unknown. Here we overview
the possible mechanisms.
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Fig. 1. Seroprevalence of H. pylori in dyspepsia subgroups among bload donors. Note the similar
prevalence of infection among all groups (With permission from HOLTMANN el al. 1994)
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2.3.1 Active Gastritis, Lymphoid Follicles and Inflammatory Mediators

An impressive gastritis characterised by a predominantly neutrophilic infiltration is
present in many patients who are infected by H. pylori. The inflammatory response
of the gastric epithelium to H. pylori infection is associated with release of in-
flammatory mediators (Noacu et al. 1994). Gastric epithelial cells release inter-
leukin (IL) 8 and the interstitial cell adhesion molecule, ICAM]1, which leads to the
recruitment of neutrophils causing a further inflammatory response (CROWE et al.
1995). Neutrophils also secrete further IL-1 B, IL-6 and tumour necrosis factor-M.
This recruitment is H. pylori strain-dependent; cagA- and vacA-positive strains
produce a more prominent response (CRABTREE et al. 1995). CHING et al. (1996)
compared the anti-cag4 antibody titres in patients with duodenal ulcers (84%),
gastric ulcers (80%), NUD (56%) and normal subjects (29%); anti-cagA antibody
positivity was significantly more frequent in patients with NUD than in asymp-
tomatic healthy controls. HoLTMANN et al. (1998) however observed no such as-
sociation.

Lymphoid follicles, which are not seen in the normal healthy stomach, develop
during infection with H. pylori and are seen more frequently in the gastric antrum
than the corpus and are also more common in ulcer patients (GENTA et al. 1993).
Furthermore, the density of infection is correlated with the number of lymphoid
follicles (EipT et al. 1993). Whether the presence of these follicles is related to
symptoms is unknown. Of interest, eradication of H. pylori reduces but does not
lead to complete resolution of all the lymphoid follicles (GEnTA et al. 1993). Could
this explain the lack of symptom resolution in some patients with NUD?

If symptoms are due to the associated gastritis, they may not resolve imme-
diately after successful eradication therapy since it may take many months for the
chronic gastritis to settle, and thus long-term follow-up is needed to assess the
outcome. It has been suggested that an increased neutrophilic response is required
for H. pylori to cause symptoms (TYTGAT el al. 1991). One study found that the
neutrophil density in dyspepsia was higher than in controls, but 4. pylori status was
not determined in this group (ToukAN et al. 1985) and other studies have not
observed an association (JOHNSEN et al. 1991). Moreover, this concept is over-
simplistic. If NUD is a condition where the symptoms wax and wane over time it
remains difficult to conceive how they could be associated with the activity of the
gastritis, which is unlikely to grossly change (TALLEY 1994b). Indeed, H. pylori-
active gastritis often exists in totally asymptomatic healthy individuals (O’MoraAIN
and BuckLey 1993),

2.3.2 Acid Dysregulation

Gastrin levels are increased in patients infected with /. pylori (LEvi et al. 1989) and
their level returns to normal after successful treatment (PREWETT et al. 1991). The
mechanism seems to be the inhibition of the D (somatostatin-producing) cell;
by reducing the secretion of somatostatin, uninhibited gastrin secretion occurs
(HArRUMA et al. 1992).
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Basal and peak acid outputs in patients with NUD, regardless of their H. pylori
status, is comparable to healthy controls. However, an important study from
Scotland demonstrated that half of the patients with NUD had an abnormal se-
cretory response based on injecting gastrin-releasing peptide (GRP) (EL OmAR et al.
1995). GRP acts on the D cell in addition to the G (gastrin-producing) cell, and
thus its use has the advantage of providing a more physiological postprandial
response. The clinical relevance of acid dysregulation, however, remains to be de-
termined.

KANEKO et al. (1993) compared somatostatin, substance P and calcitonin gene-
related levels in dyspeptic patients with NUD (ulcer-like and dysmotility-like) and
patients with peptic ulcers and healthy controls. They observed significantly higher
somatostatin levels in the ulcer-like NUD group than in the other groups. Sub-
stance P was also higher in the ulcer-like dyspepsia group than in the peptic ulcer
group, but there was no difference in the levels of calcitonin gene-related peptide.
These findings suggest that different subgroups of dyspepsia may have different
gastrointestinal-hormone concentrations in the gastric mucosa that might account
for symptom outcome.

2.3.3 Gastroduodenal Dysmotility and Sensory Disturbances

There are a lack of convincing data that gastric motor function is related to
H. pylori status in NUD (Table 2). While studies have disagreed, most suggest that
gastric emptying is not affected. MurRAkAMI et al. (1995) reported improved
function and symptoms after H. pylori eradication in patients with delayed gastric
emptying and dyspepsia, whereas QuisT et al. (1994) did not observe any changes in
motility post-treatment. Follow-up and subject numbers, however, have been in-
adequate in the studies to date.

On the other hand, whether H. pylori can alter sensory function is not as well
determined. A small Spanish study found no significant differences in gastric sen-
sory thresholds between infected and uninfected dyspeptic patients using a barostat
balloon placed in the gastric fundus, but there was a non-significant tendency for
infected patients to be more sensitive (MEARIN et al. 1995). Duodenal sensory
thresholds were also similar in infected and uninfected cases in another study al-
though those with higher H. pylori antibody titres had a more sensitive duodenum
(HoLT™MANN et al. 1996).

3 Clinical Implications

3.1 Treatment Trials

If H. pylori is implicated in the pathogenesis of NUD, one would assume that there
would be an improvement in symptoms among patients with H. pylori-positive
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Table 2. Gastrointestinal motility in functional dyspepsia and H. pylori infection

Author Abnormality
Delayed
Mookre et al. 1986 Postprandial antral hypomotility in chronic gastritis,

H. pylori not assessed
Fasting and postprandial antral hypomotility in ulcer
and non-ulcer dyspeptic patients. H. pylori not assessed

STANGHELLINI et al. 1992

MEARIN et al. 1995 Postrprandial antral hypomotility in H. pylori infected
patients
No difference
CABALLERO-PLASENCIA et al, 1995 Delayed gastric emptying of solids not related to
dyspepsia symptoms or H. pylori status

WEGNER et al, 1988 No significant difference among H. pylori-infected

and uninfected patients

BarNETT et al, 1989 Normal gastric emptying in H. pylori-infected patients

Tuccr et al. 1992 Normal gastric emptying in H. pylori-infected patients

PierAMICO et al. 1983 Antral motility not significantly different in H. pylori-infected

and uninfected patients

MiNocHA et al. 1994 Gastric emptying similar in functional dyspepsia

patients regardless of their . pylori status
GiLia et al. 1996 Impaired postprandial proximal gastric accommodation.
H. pylori did not influence the emptying fractions
Accelerated

CALDWELL et al. 1992 Accelerated gastric emptying in H. pylori-infected patients

NUD after cure of H. pylori and resolution of the associated inflammation. A
number of therapeutic trials now published or presented in preliminary form have
tried to test the hypothesis that cure of H. pylori relieves symptoms. It has been
surprisingly difficult to test this hypothesis. TALLEY (1994a) analysed 16 published
trials; 8 reported that benefit was derived from H. pylori treatment, and 8 failed to
detect a statistically significant benefit, but there were limitations in all of these
studies. Early studies utilising bismuth compounds may have suffered from ob-
server bias, since these compounds cause blackening of the stools and tongue; use
of placebo compounds which blacken the stool may be useful in future trials
(Yares et al. 1992). Furthermore, bismuth may independently reduce symptoms
even in H. pylori-negative individuals (Rokkas et al. 1987). Assessment of dys-
peptic symptoms has been another flawed area; the symptom scores applied have
not in general been validated for the relevant patient population. After eradication
of H. pylori it may take many months for the associated gastritis to resolve (VALLE
et al. 1991), and lack of adequate post-treatment follow-up may have led to failure
to identify a beneficial result of treatment in patients with NUD.

Results from the most recent randomized controlled trials that applied rea-
sonable follow-up after active H. pylori treatment have still produced mixed results,
although currently there are more negative than positive studies (Table 3). In a
preliminary study from Canada, H. pylori-positive patients with NUD were ran-

Table 3. Randomized controlled trials of clinical efficacy of H. pylori eradication in patients with non-ulcer dyspepsia with more than six months follow-up (1995-1997)

Results

Time to

Treatment

Author

follow up

(months)
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domized to triple therapy, with an eradication rate of 96% (n = 29), or placebo
(n = 24). No significant difference in symptom improvement was found over the 6-
month follow-up (VEDHUYZEN VAN ZANTEN et al. 1995). Scuurze et al. (1996)
observed symptom improvement after double therapy with clarithromycin and
ranitidine, but this was independent of H. pylori status with return of symptoms in
both infected and eradicated groups at 1-one year follow-up.

In contrast, in another randomized H, blocker controlled study from Hong
Kong, patients who had H. pylori eradicated had significantly improved symptoms
compared with those without eradication at two months (SHEU et al, 1996).
Moreover, symptom improvement was significantly greater in patients who had
H. pylori eradication than in patients who had H. pylori infection and received a H,
blocker at 6 and 12 months after the therapy (SHEU et al. 1996). Two other studies
have supported this finding. LAzzaront et al. (1996) showed that symptoms im-
proved at 8 weeks both in patients with and without eradication, but improvement
was continued only in patients with eradication, and worsening of symptoms was
reported in patients with persistent infection. No association between symptom
improvement and dyspepsia subgroups (i.e. ulcer-like or dysmotility-like dyspepsia)
was observed. GILVARRY et al. (1997) randomized patients with NUD to receive
bismuth based triple therapy versus bismuth and placebo, and found symptom
improvement at 2, 6 and 12 months after successful H. pylori eradication in both
groups; those who remained H. pylori positive did not have significant symptom

All Studies H"'
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Fig. 2. Meta-analysis of eradication of H. pylori in non-ulcer dyspepsia. (With permission from LAnEgn
et al. 1996)
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improvement. In H. pylori eradicated patients, symptom improvement was ob-
served at all intervals in ulcer-like dyspepsia, but only at 2 and 6 months and not at
2 months in reflux-like or dysmotility-like dyspepsia.

A recent meta-analysis has suggested that eradication of infection does
produce a significant therapeutic gain (LAHEL et al. 1996). Overall, symptoms
improved in 73% or the patients who became H. pylori-negative and in 45% of
those with persistent infection. If eradication of H. pylori failed, symptoms only
improved for a short period of time, but when H. pylori was eradicated, symptom
improvements were more pronounced. However, only 10 our of 34 studies could be
included in this analysis for methodological reasons, and thus there is the potential
for a misleading result (Fig. 2).

4 Conclusion

It is not established that H. pylori is causally linked to NUD. Recent studies, which
have been the most rigorous randomized controlled trials to date and have included
12 months follow-up, have not settled the controversy; two were negative (TALLEY
et al. 1998; BLum et al. 1998) and one was positive (McCoLL et al. 1998). Despite
the paucity of convincing evidence, the EUROPEAN HELICOBACTER PYLORI STtupy
Group (1997) has recently recommended H. pylori eradication therapy in all
infected patients with NUD who have no other obvious cause for their symptoms.
However, the optimal management for these patients is not as yet well enough
defined to support this view.
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2 Helicobacter and Duodenal Ulcer

The epidemiological evidence linking H. pylori to duodenal ulcer is as follows:

90% of duodenal ulcers arc H. pylori positive.

Presense of gastritis is a risk factor for duodenal ulcer and for ulcer relapse.
Cure of H. pylori infection leads to a dramatic reduction in ulcer relapse rate.
Addition of antibiotics 1o acid suppressive thearpy increases the speed of healing
of acute ulcer.

Smoking is no longer a risk factor for ulcer recurrence after cure of H. pylori
infection.

The prevalence of H. pylori in duodenal ulcer is greater than 90%, and in
gastric ulcer 70%-80% (TyTGaT 1990: Kuipkrs 1995a). Histological evidence of
gastritis is a risk factor for duodenal and gastric ulcers and also for ulcer relapse
(Hur 1991; Sieronen 1990). It is important to point out that H. pylori-negative
duodenal ulcers do exist. Use of non-steroidal anti-inflammatory drug (NSAIDs) is
the commonest cause of H. pylori-negative ulcers (Borony 1991; Laine 1992).
H. pyloriis a necessary but not sufficient cause of duodenal ulcer formation. Acid is
clearly needed (Granam 1989: Fripman 1991). BaroN in 1963 in a meticulous
study of acid secretion showed that the minimal amount of acid output that is
required to develop a duodenal ulcer is 15 m Eq/h in males and 18 mEq/h in females
(BArRON 1963). The most compelling evidence that H. priori is important in duo-
denal uleer development is the now accepled fact that eradication of H. pylori leads
lo cure of the disease because ulcer relapses no longer occur (GRAHAM 1991b;
MARSHALL 1988; MiLLER 1989; PAtchErT 1992: RAUwS 1990). This is in contrast to
the control of peptic uleer disease, which could only be achieved with anti-secretory
therapy prior to the discovery of H. priori (DosriLa 1988). GrRAHAM el al. (1991a)
also demonstrated that by adding acid suppression to anti-Helicobacter therapy the
speed of ulcer healing is increased. Finally, smoking, recognized for a long time as
one of the strongest risk factors for ulcer relapse, no longer causes ulcer recurrenec
after cure of the infection (Borony 1992).

3 Helicobacter and Gastric Ulcer

There also is strong epidemiological evidence that #. pylori plays a role in gastric
ulcers (Kupers 1995a). Approximately 80% of gastric ulcers are H. pylori posilive.
The likely explanation for the lower prevalence of H. priori in gastric ulcers is
NSAIDs. NSAIDs cause gastric ulcers more frequently than duodenal ulcers (ratio
4:1). It has been known for a long time that prepyloric uleers are different from high
gastric ulcers (JounsTON 1957; MARKS 1959: bu PLESsIS 1965). Prepyloric ulcers
behave more as duodenal ulcers and, in contrast to high gastric ulcers, are not
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associated with low acid output (WormsLiy 1965, 1974). Although few of the
gastric ulcer studies clearly specify the exact location of the ulcer, the majority of
gastric ulcers in these studies appear to be located in the prepyloric arca. It remains
to be seen whether the prevalence of H. pylori in gastric ulcers located high in the
body of the stomach is also in the range ol 80%. A recent study showed con-
vincingly thatl relapse of H. pylori-positive gastric ulcers is also dramatically re-
duced by eradication of the organism (SunG 1995). Therefore, all gastric ulcers
should be considered for anti-Helicobacter treatment.

4 Helicobacter and NSAIDs

NSAIDs are the most common cause of H. pylori-negative duodenal and gastric
ulcers (Borony 1991; Laing 1992), but as the prevalence of H. pylori is so high in
the general population, many patients may have both H. pylori infection and
NSAID medication at the time of diagnosis of the ulcer. It is unclear whether there
is synergy between NSAIDs and H. pylori in promolting ulcer formation, but the
data thus far suggest that this either is not the case, or that the synergistic effect is
small (VELDHUYZEN VAN ZANTEN 1993; Hawkeiy 1996). Nevertheless, the most
cost-effective strategy in patients who are on NSAIDs, and who have an ulcer is to
cure of H. pylori infection which is what is generally recommended. Should patients
with a history of ulcers still require NSAID medication following cure of H. pylori
infection, prophylaxis to prevent NSAID-ulcer formation should be considered.
Recently a clinical trial from Hong Kong was reported in which 92 H. pylori-
positive patients who required NSAIDs therapy were randomized to either anti-
Helicobacter therapy or no additional treatment. The patients in the H. pylori
treatment group had a statistically significant reduction in occurrence of NSAID
induced ulcers (CHan et al. 1997). This study warrants further confirmation but
raises the possibility that there may be a benefit in eradicating H. pylori infection in
NSAIDs users.

5 How Does Helicobacter Cause Duodenal Ulcers?

The background prevalence of H. pylori in the general population is high. The best
known risk factors for infection are age and lower socioeconomic status. Although
it is hard to give exact figures the life-time risk of ever developing an ulcer in the
general population (which includes both H. pylori infected and non-infected indi-
viduals) is probably 3%—5%. This risk is increased two- to threefold, to 10%—15%
H. pylori-infected individuals.
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5.1 Acid Secretion

Few studies using pentagastrin stimulation (o measure acid outpul have found
differences between . pylori infected and non-infected patients (Pounper 1996).
In older studies considerable overlap of basal acid output and peak acid output was
seen among patients with and without duodenal ulcers (Wormstey 1974). On
average, duodenal ulcer patients tend to have acid output in the upper range. It is
very difficult to study acid output in humans in the in-vivo situation for several
reasons; first pH measurement is only an indication of average H' ion concen-
trations, not the total amount of acid which is produced in the stomach or, more
importantly, passes the duodenal cap; second, it is difficull to measure acid secre-
tion when patients are cating normally throughout the day.

McCoLt and co-workers published several studies of the effect of H. pylori-
infection on gastrin-mediated acid secretion (Er-Omar 1995; McCorL 1991). To
overcome the technical difficulty of reliably determining acid output in response to
a meal they measured gastrin-mediated acid secretion after intravenous infusion of
gastrin-releasing peptide (GRP). GRP stimulates the release of endogenous gastrin,
which in turn stimulates acid secretion. Their argument is that this technique makes
it possible to measure accurately the combined functional response of the antrum
and body of the stomach as would be produced by a meal.

The McCovt group studied duodenal uleer patients, H. pylori-positive healthy
volunteers and H. pylori-negative healthy volunteers. Duodenal ulcer patients had a
threefold increase in basal acid output. The increase in basal acid output in
H. pylori-infected individuals is probably a direct reflection of the fasting serum
gastrin levels and is reversed following eradication of . pylori.

The median acid output to gastrin releasing peptides infusion in the H. pylori-
positive healthy volunteers was 15 mmol/h, three times that of H. pylori-negative
healthy volunteers (median 5.5 mmol/h). The median acid output in H. pylori-
positive duodenal ulcers was 37 mmol/h, which was six times that of the H. pylori-
negative healthy volunteers. Finally, McCour et al. also showed that duodenal
ulcer patients had an increased maximal response 10 exogenous gastrin and in-
creased ratio of basal acid oulput to maximal gastrin-stimulated acid output.
Eradication of H. pylori in the duodenal ulcer patients lowered basal acid output to
normal levels. It also decreased GRP-stimulated acid secretion by a median of 66%
but this was still higher than values obtained in non-infected non-ulcer control
patients (Er-Omar 1995).

5.2 Gastrin

ILis generally accepted that H. pylori-infection affects the antral mucosa more than
the body mucosa in most infected individuals. In the antrum the G-cells are located
which release gastrin, a major stimulant of the parietal cell. There is consensus that
the antral inflammation caused by H. pylori results in an increase in gastrin release
from the G-cells both in the basal state and following a meal (Livi 1989; EL-OMAR
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1995). The increase in basal serum gastrin and exaggerated gastrin response in
relation to a meal is seen both in patients infected with H. pylori who have duo-
denal ulcers but also in H. pylori-positive non-ulcer dyspepsia palients and in
healthy H. pylori-infected asymptomatic volunteers.

In the McCoLL studies the median plasma gastrin concentration during
stimulation with GRP were similar in H. pylori-positive duodenal ulcer patients and
H. pylori-positive healthy volunteers but higher than H. pylori-negative volunteers
(EL-Omar 1995). Given that the GRP-stimulated acid outpul was higher in
H. pylori-positive duodenal ulcer patients than in H. pplori-positive non-duodenal
ulcer patients, the duodenal ulcer patients appear to be more sensitive (o gastrin
stimulation. Eradication of H. pylori lowered the plasma gastrin in duodenal pa-
tients to values equivalent to the H. pylori-negative volunteers.

In summary, the findings showed a threefold increase in acid secretion in
H. prlori-positive healthy volunteers that is explained by H. pyrlori-induced hype-
rgastrenemia and a sixfold increase in acid secretion in the duodenal ulcer patients
that is explained by the combination of H. pylori-induced hypergastrenemia and an
exaggerated acid response to stimulation by gastrin. McCour et al.(1991) therefore
believe that increased gastrin mediated acid secretion is the key factor in the
pathophysiology of duodenal ulceration. Recently, GiLren and coworkers (1998)
reported on further studies of gastrin in duodenal ulcer patients. They found that
there was an increased maximal acid secretory capacity in response Lo gastrin in
H. pylori-positive duodenal ulcer patients indicating that these patients are more
sensitive to gastrin. In contrast, there was a decreased sensitivily to gastrin in
infected healthy volunteers who did notl have ulcers.

5.3 Somatostatin

Somatostatin is a peptide produced by the D-cells which is also present in the antral
mucosa. Somatostatin is known to have an inhibitory effect on gastrin secretion. A
few studies have shown that the density of somatostatin-containing cells is reduced
in H. pylori-infected patients (Moss 1992; Granam 1993). Eradication of H. pylori
results in an increase in antral somatostatin-containing cells. Therefore, the exag-
gerated gastrin response may be the resull of increased gastrin-release from the
G-cells, possibly in combination with a decrease in mucosal somatostatin concen-
tration produced by the D-cells. There is agreement that the Helicobacter-induced
inflammation in the antrum is the trigger for these abnormalities.

6 Duodenal Gastric Metaplasia

H. pylori organisms thrive only in mucus adjacent to gastric type epithelium. Al-
though the infection is commonly found in the antrum and to a lesser extent body
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and fundus, it is much less frequently seen in the duodenum. One defence mech-
anism that the duodenum appears to have against an increased acid load is the
development of gastric metaplasia. It is unclear whether the prevalence of gastric
metaplasia is increased in H. pylori-infected individuals. Wyarr et al. (1990)
showed that gastric metaplasia is more extensive in H. prlori-positive duodenal
ulcers patients, even though the prevalence of gastric metaplasia in their study was
not inereased, both an increase in prevalence of gastric metaplasia and/or an in-
crease in surface arca of gastric type epithelium in the duodenal cap make it easier
for the H. pylori organisms to move from the antrum into the duodenal cap.
Presense of H. pylori in the duodenum can produce duodenitis and set the stage for
the formation of a duodenal ulcer as the result of the combination of an inflam-
matory response and gastric acid. Indeed it has been shown that the combination of
antral H. pylori gastritis, duodenal gastric metaplasia and duodenal . priori
markedly increases the risk of duodenal ulcer formation (CARRICK 1989).

7 Abnormal Gastrin Response in Response to Antral Distension

Recently Ovse et al. (1996) described another pathophysiological mechanism by
which H. pylori infection may contribute to duodenal ulcer formation. In . prlori-
positive and -negative duodenal ulcer patients and healthy volunteers the effect of
antral distension on gastrin release and GRP- and pentagastrin-stimulated acid
output was measured. Antral distension was performed using a balloon which was
positioned in the antrum and which could be inflated to a volume of 150 ce. In
H. pylori uninfected duodenal ulcer patients and healthy volunteers but not in
H. pylori infected duodenal uleer patients antral distension resulted in a decrease in
GRP-stimulated gastrin release and decrease in pentagastrin-stimulated acid out-
put. Both these abnormalities normalized following cure of the . priori infection,
The interpretation of these findings is that H. pylori both affects the response of
antral and body mucosa. The abnormal antral response is an increase in the gastrin
release in relationship to antral distension, i.e. a meal. The abnormal response of
the body mucosa is a prolonged production of gastric acid. Both these abnor-
malities produce an increased acid load, which promotes the formation of a duo-
denal ulcer.

8 The Unifying Duodenal Ulcer Hypothesis

A hypothesis which unifies these data is as lollows. H. prlori infection leads lo an
antral predominant gastritis, which causes an exaggerated gastrin response espe-
cially in relationship to meals. This possibly could lead (o an increase in overall acid
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secretion, although this link in the hypothesis has been shown only for GRP and
not, for example, for pentagastrin stimulation (EL-OmaARr 1995; Pounper 1996). In
addition, there also is an abnormal response of the antrum to distension which also
contributes Lo the abnormal gastrin response and increased acid production. The
duodenal cap responds Lo an increased acid load by formation of gastric metapl-
asia. This in turn makes it possible for the H. pylori organisms to move rom the
antrum into the duodenal cap resulting in duodenitis and possibly formation of a
duodenal ulcer if the noxious stimuli are sufficiently severe. Once a duodenal ulcer
forms it may be difficult to find H. pylori organisms in the duodenum as the gastric
type epithelial cells may be destroyed. Needless Lo say, other factors may still be
important, including genetic predisposition, blood group, smoking, and possibly
NSAIDs.

9 Why Do Some Patients Develop Duodenal

D)

and Others Gastric Ulcers?

There are probably many factors which determine whether an individual develops a
duodenal ulcer or a gastric uleer. Acid outpul possibly is one of the important
determinants (Dixon 1993; Leg 1995). It has been known for a long time that
duodenal ulcer patients have an antral predominant gastritis. Gastric ulcer patients,
especially individuals with a high gastric ulcer, have a pangastritis affecting both the
antrum and body. Patients who genetically are at the high end of gastric acid
output at the time of H. pvlori colonization of the stomach develop an antral
predominant gastritis. This antral gastritis does not extend casily into the body as it
has been shown that H. pylori organisms actually do not thrive well at low pH. As

gastric acid is produced by the parietal cells located in the body and fundus the
microenvironment here is not conducive Lo growth of H. pylori. In those patients
with genetically low or low normal gastric output it may be easicr for the H. pylori
organisms gastritis to move up into the body and the fundus, and in these patients a
pan-gastritis develops. There now is good evidence that presence of H. pylori in-
fection in the body leads to the development of atrophic gastritis (Kuieirs 1995b),
which may over many years resull in a lowering of the gastric acid outpul. The
development of atrophic gastritis is also associated with the formation of intestinal
metaplasia. Both atrophic gastritis and intestinal metaplasia are recognized risk
factors for development of gastric ulcers and gastric cancer; Correa 1980. Patients
who at the time of the acquisition of the H. pylori infection are at the intermediate
(normal) level of acid output develop a gastritis pattern that involves the antrum
more than the body bul have some progressive gastritis in the body mucosa. Such
patients are at low risk for duodenal or gastric ulcer development. In reality there
are likely other factors that come into play. These may include genetic or envi-
ronmental factors, smoking or differences in virulence factors of H. pylori.
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10 Who Should Be Treated?

Given the overwhelming evidence of the role of H. pylori in duodenal and gastric
ulcer, there now is worldwide consensus that all patients diagnosed with an ulcer
should be investigated for H. pylori and treated if positive. Treatment is also rec-
ommended in patients who are H. pylori-positive and are taking NSAIDs at the

time of ulcer diagnosis. Treatment options are discussed in a separate chapter of

this volume (“*Antibiotic Treatment of Helicobacter pylori Infection™). The largest
group of patients that needs to be targetted are those who are currently taking acid
suppression maintenance therapy for proven peptic ulcer disease in the past.

11 Is Cure of H. pylori Infection Associated
with an Increased Risk of Gastroesophageal Reflux Disease?

Recent reports have suggested that patients who are successfully treated for
H. pylori are at increased risk of developing gastroesophageal reflux discase
(GERD) (O’Connor 1994; Lasenz and MALFERTHEINER 1997 LaseNz et al.
1997). However, it is important to stress that the most often quoled study of
Lasenz et al. (1997) was not a truly randomized trial and was not set up to address
this particular question. A careful analysis of patients enroled in the DU-MACH
and GU-MACH studies has not shown an increase in GERD during a 6-month
follow-up (MALFERTHEINER et al. 1997). On the contrary, there was a tend in the
duodenal ulcer patients, in whom the infection was cured, towards less frequent
development of GERD compared to patients with persistent infection. Clearly the
issue of GERD needs more study. It is certianly possible that H. prlori-positive
patients without ulcers behave differently than DU or GU patients as their pattern
of gastritis is different.
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1 Introduction

In 1983 Warren and MarsHaLL discovered a spiral urease-producing organism in
the human stomach, later classified as Helicobactor pylori. The prevalence of
H. pylori infection varies worldwide, but higher infection rates are seen in devel-
oping countrics compared with developed ones (MeGraub et al. 1989; DooLey
et al. 1989; Mrrcuiit et al. 1988; Anonymous 1990). It may be the most common
infection worldwide. In developed countries infection with H. pylori occurs in more
than 50% of adults, while developing countries have infection rates reaching 90%
(Horkins and Morris 1994). H. pylori are gram-negative microaerophilic spiral
bacteria that can colonize the gastric mucosa for years (Morris et al. 1991), and in
most cases Lhey probably persist for life. H. pylori has been shown to be strongly
associated with peptic ulcer disease, and antibiotic therapy to eradicate this or-
ganism is an important treatment for duodenal and gastric ulcers (ANONYMOUS
1994). H. pylori infection is now considered a risk factor for gastric adenocarci-
noma and for primary gastric non-Hodgkin’s lymphoma.

2 Gastric Carcinoma

Gastric carcinoma is estimated to be the world’s second most common cancer and
is second only to lung cancer as a cause of cancer death worldwide (PArKIN el al.

Department of Internal Medicine, Division o Hematology-Oncology. Texas A&M University College of
Medicine, und Central Texas Velerans Health Care System, Medical Service (111-H), 1901 8. First Street,
Temple, TX 76504, USA
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1988). At the beginning of the century, gastric cancer was the leading cause of
cancer death in the United States, but the annual incidence of gastric cancer has
decreased significantly from 33 of 100,000 persons in 1935 to 9 of 100,000 in the last
decade.

Although the dramatic decline in the incidence of gastric carcinoma in the
United States and Western Europe over the past 50 years has led some to proclaim
an “unplanned triumph™ (Howson et al. 1986), in much of Latin America and Asia
the incidence remains very high (PArKkIN 1986; MuIR et al. [987). In Japan, Eastern
Europe, and South America, especially in Chile and Costa Rica, gastric cancer is
epidemic. In Japan the incidence is highest (100:100,000), and stomach cancer
represents the leading cause of death from all malignant diseases, the number one
cause of death nationally (MisHiMA and HiRAYAMA 1987). Although gastric cancer
afflicts fewer than 10 per 100,000 persons per year in the United States and Western
Europe (Youna 1981), there are ethnic groups with iner sased risk. In the United
States, for example, the incidence of gastric cancer among African-Americans,
Asian-Americans, and Hispanics is almost double that among whites (YOUNG 1981).

The study of migrant populations who moved from regions of high gastric
cancer risk to regions of lower risk has given clues (o the events that resulted in the
decline in gastric cancer incidence (Horz and GogseLL 1989; CorreEa et al. 1970;
Sraszewski 1972; HaenszEL et al. 1972: CorrEA 1985: BORING 1997). For instance,
persons who moved from Japan, a high-risk country, to regions of lower risk in the
United States only moderately decreased their cancer risk, cven if they immigrated
at a younger age. The risk among the second-generation migrants, however, de-
creased much closer to that of their new country. Similar results have been found in
European immigrants to Australia and Puerto Rican migrants to New York. In
Polish migrants living in the United States for 10 years, the incidence of gastric
cancer decreased and became intermediale between the countries of origin and
adoption (Staszewski 1972). Among Japanese migrants the high risk of stomach
cancer was observed in second-generation offspring who continued to consume a
Japanese diet but was low in those adopting a western diet (HAENSZEL et al. 1972).
From these studies it has been inferred that environmental factors initiate malig-
nant transformation and exert a major portion of their influence in childhood but
that other environmental or cultural factors may continually influence the predis-
position Lo cancer. Many factors predispose to gastric malignancy. Epidemiological
studies suggest that diet high in salted meats or fish and nitrates or nitrites, high in

complex carbohydrates, low in animal protein and fat, contribute to gastric cancer
risk. Diets rich in Vitamin A and C are associated with a low risk for gastric cancer
(Horz and GoeseLL 1989).

Consumption of raw vegetables, fruit, citrus fruit, and high fiber bread are
inversely related to gastric cancer risk (Horz and Goesere 1989; Boring 1997:
Cuyou et al. 1990; NomMuRra el al. 1990). Other factors associated with increased
risk of developing gastric cancer include smoked foods, poor drinking water, low
socio-economic status, smoking, prior gastric su rgery, gastric atrophy and gastritis.

The possibility that a bacterial infection may predispose to gastric malignancy
has renewed interest in the geographic clustering of gastric carcinoma observed
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worldwide. The epidemiological features of gastric carcinoma and H. pylori in-
fection are similar (Srras et al. 1991). Chronic infection has been causally linked
with diverse malignancies. A few examples include bladder carcinoma following
vesicular schistosomiasis, hepatic carcinoma with chronic hepatitis B infection, and
squamous cell carcinoma following chronic osteomylitis.

Several lines of evidence link infection with H. pylori and development of
gastric cancer. It has been known for decades that chronic gastritis and subsequent
atrophy are precancerous conditions. The cumulative and relative risk of gastric
cancer is clearly increased in atrophic gastritis, particularly when atrophy is severe
and extensive (SipPONEN et al. 1985). In studies of patients with and without gastric
cancer, the relative risk of gastric cancer has been calculated to be 80-90 times
higher in patients with severe antral atrophy or with severe panatrophy than in
those with a normal stomach (SipronNEN et al. 1985).

In 1965 LAUREN proposed two main histological types for gastric cancer: in-
testinal and diffuse. Persons in areas of high risk of gastric carcinoma tend to have
the intestinal type of histological appearance while persons living in low-risk areas
are more likely to have the diffuse type (Munoz et al. 1968). CORREA et al. (1976,
1990b) prospectively studied the premalignant changes that occurred in a cohort of
patients at high risk of developing gastric carcinoma. Normal mucosa first pro-
gressed to nonspecific chronic gastritis, then progressed to chronic atrophic gas-
tritis. Finally, intestinal metaplasia and dysplasia developed and this progressed to
gastric cancer of the intestinal type. The association of premalignant lesions and the
diffuse type of gastric cancer has not been prospectively studied. H. pylori infection
is causally an etiological factor in at least 80% of the cases with chronic gastritis. It
has been hypothesized that with time this will result in mucosal atrophy and in-
testinal metaplasia in a proportion of affected subjects, which will favor the de-
velopment of gastric cancer (SipPoNEN 1992).

Evidence linking infection with H. pylori and gastric cancer comes from other
types of studies. Histopathological studies have demonstrated that H. pylori is
commonly present in histological specimens adjacent to gastric cancer (LOFFELD
et al. 1990). H. pylori has affinity for normal gastric mucosa but not for metaplastic,
dysplastic or malignant tissue (HAzgLL et al. 1987). As such, studies correlating
histological changes to infection need either to focus on tissue from normal section
of stomach or Lo use nonbiopsy based tests for determination of infection status
(LorreLp et al. 1990).

Cross-sectional studies reveal rates of infection between 50% and 100% in
persons with gastric carcinoma (LorreLp et al. 1990; CHENG et al. 1987; JASKIEWICZ
et al. 1989). In addition, a stafistically significant positive correlation between
H. pylori infection and gastric carcinoma has been shown for cancer patients
compared with blood donors (Forman et al. 1990). In the study by Jaskiewicz et al.
(1989) in a high risk population of South Africa, all six patients with gastric
malignancy were found to have infection on biopsy, compared with 34% of the
persons with normal gastric mucosa (p = 0.003). In the study by LorrFELD et al.
(1990) 61% of patients with gastric cancer were found to be infected on biopsy or
gastric resection compared with 34% of the age-matched blood donor controls (risk
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ratio 4.2, p<0.001). Similar strong correlation between H. pylori infection and
gastric cancer has been reported by other studies (PARSONNET et al. 1991b: TALLEY

ct al. 1991). In the study by TALLEY et al. (1991) patients with adenocarcinoma of

the antrum, fundus, or body of the stomach had an odds ratio of 2.7 for con-
comitant infection with H. pylori when compared with the healthy controls. In this
study control subjects included patients with esophageal, colorectal and lung ma-
lignancies, none of which were linked to 4. priori infection.

In addition to these cross-sectional studics, many other epidemelogic studies
show a striking parallel between H. pylori infection and incidence of gastric cancer
(FormaN et al. 1990; Correa et al. 1990a; BursTEIN el al. 1991: Denesa et al.
1991). Several populations with extremely high rates of gastric cancer, notably in
South America, have endemic H. pylori infection at a young age (CorrEA el al.
1990a; AnonymMous 1990). Within rural China, there was a significant geographical
correlation between gastric cancer mortality and H. pylori infection (FORMAN et al.
1990). The long-established association between poor socioeconomic conditions
and gastric cancer (Howson et al. 1986) has been reflected in a similar association
with H. pylori infection (Srras et al. 1991: Granam et al. 1991), and it is plausible
that the worldwide decline in gastric cancer mortality (KuriHARA et al. 1989) could.
at least partly, be due to secular changes in bacterial infection (MARsHALL 1990).

Lastly three prospective case control studies have shown similarly strong evi-
dence that H. pylori infection increases risk for later development of gastric cancer
(Forman et al. 1991; Nomura et al. 1991). In these prospective studies, all cohort
subjects had banked serum at the onset of a clinical observation period. Cases of
gastric cancer that were identified within the cohorts in subsequent years werc
matched to controls by age and date of serum collection, and the sera was tested in
a blinded fashion for H. pylori infection. In all three studies, cancer subjects had
significantly higher risk of prior infection with H. pylori than did controls with odds
ratio varying between 2.8 and 6.0. In the study by Nomura (1991), as the level of
antibody to H. pylori increased, there was a progressive increase in the risk of
gastric carcinoma. In one of these studies (PArRsoNNET el al. 1991a) the odds ratio
was particularly high in women (odds ratio. 18) and blacks (odds ratio, 9).

There is therefore impressive evidence linking /. pylori infection and risk of
gastric cancer, TALLEY et al. (1991) have added to this evidence the observation that
H. pylori infection has a specific association with gastric cancer in so far as other
groups of patients with colorectal, lung, and esophageal cancers did not have sig-
nificantly increased infection rates. In addition it has been shown that the risk is
high only with noncardia gastric cancer (TALLEY et al. 1991: PARSONNET el al.
1991a). Patients with cancers of the cardia and the gastroesophageal junction did
not have higher infection rates than their controls. There was. however, no dif-
ference in risk between patients with cancers in the gastric antrum or corpus or
between patients with intestinal or diffuse forms of cancer.

It is clear, however, that infection with H. pylori alone cannot explain the
pathogenesis of gastric carcinoma. H. pylori infection is extraordinarily common,
affecting approximately 50% of North American adults who are older than
50 years, and in some developing nations it affects almost all adults (PARSONNET
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1989). Only a very small percentage of infected persons will ever have gastric
carcinoma. In addition some gastric carcinoma occur in subjects who are not in-
fected. There must be other critical cofactors affecting risk, cofactors that may also
explain the difference in risk between blacks and whites and between men and
women. It is certain, however, that H. pylori infection is at least a marker for
increased gastric adenocarcinoma risk. Definitive proof of causality will depend on
-andomized intervention trials on the long-term effects of H. pylori eradication on
the risk of gastric cancer or precancerous lesions. It has been postulated that even if
future clinical trials demonstrate that it is possible to prevent gastric cancer through
H. pylori eradication, screening programs may only be cost-effective among high risk
groups (Hopkins and Morris 1994). Such a long-term prospective treatment trial is
currently being undertaken and until results of such trials are available, the role of
H. pylori screening and treatment in prevention of gastric cancer remains uncertain.

3 Gastric Lymphoma

Primary non-Hodgkin’s Lymphoma of the stomach is an uncommon cancer, ac-
counting for only 10% of lymphomas and 3% of gastric necoplasms (SPirO 1983).
There are only 7.1 cases of gastric non-Hodgkin’s lymphoma per million popula-
tion per year in the United States (Severson and Davis 1990). Gastric non-
Hodgkin’s lymphoma remains, however, the most common extranodal form
accounting for 20% of primary extranodal lymphomas (Rusin and Farser 1990).
Although relatively rare in the United States, it occurs with extraordinarily high
frequency in certain parts of Europe (DoGrioni el al. 1992), such as the Venelo
region of Italy, where its incidence equals that of non-Hodgkin’s lymphoma of the
lymph nodes. In contrast to gastric adenocarcinoma, the incidence of gastric
lymphoma may be increasing in the United States (HAvEs and Dunn 1989;
Hovrorp et al. 1992).

Studies of gastric lymphomas have suggested that their clinicopathological
features are more closely related to the structure and function of so-called mucosa-
associated lymphoid tissue (MALT) than of peripheral lymph nodes (ISAACSON and
WriGHT 1983: Isaacson and Seencer 1989; Isaacson and NORTON 1994). In
contrast to peripheral lymph nodes, which are adapted to respond to antigens
carried to the node in afferent lymphatics, MALT appears to have evolved to
protect mucosal tissue directly in contact with antigens in the external environment.
The most thoroughly characterized MALT has been in the gastrointestinal tract,
where it comprises four lymphoid compartments which include Peyer’s patches,
lamina propria, the intraepithelial lymphocytes, and the mesentric lymph nodes.

The concept of mucosa associated lymphoid tissue derived lymphoma, intro-
duced by Issacson and WriGHT in 1983 (1983), now is well established in the
classification of non-Hodgkin’s lymphomas as a distinct subtype of lymphoma
(Harris et al. 1994). These lymphomas arise from a wide variety of extranodal
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sites, most frequently from the gastrointestinal (GI) tract, stomach being the most
common site. Other sites include conjunctiva (HARDMAN-LEA et al. 1994), thyroid
gland (Hviek and Isaacson 1988), skin (SLATER 1994), lung (WorTHERSPOON et al.
1990), urinary bladder (PAwADE et al. 1993), kidney (PArVEEN et al. 1993), gall-
bladder (MosniEr et al. 1992), breast (MATTIA et al. 1993), thymus (Isaacson et al.
1990), salivary glands (Hviek et al. 1988), and lacrimal glands.

Many of the sites where MALT lymphomas occur lack any native lymphoid
tissue. Before a lymphoma can arise, therefore, lymphoid tissue must be acquired.
This is clearly the case in the salivary gland and thyroid, where lesions characterized
by the accumulation of lymphoid tissue — namely, myoepithelial sialadenitis and
Hashimoto’s thyroiditis are necessary precursors of the development of MALT
lymphoma.

Although MALT is normally present in the small intestine and colon, such
tissue is never found in healthy gastric mucosa (Dukes and Bussiy 1926). Prior to
1988, prominent lymphoid hyperplasia found in the gastric mucosa was designated
as lymphofollicular lymphoma or pseudolymphoma, with the pathogenesis of such
conditions being mostly speculative. However, in 1988, WyATT and RATHBONE first
reported a propensity of gastric mucosa to form lymphoid follicles in gastritis
where H. pylori organisms were detected. Lymphoid follicles were present in 64 of
I'71 gastric mucosa samples from patients with Helicobacter-associated gastritis, as
compared with 0 of 25 samples from patients with Helicobacter-negative gastritis.
In 1989 Stovte and Eipr also made the same association between lymphoid fol-
licles and H. pylori gastritis. In their study, 54% of patients with H. pylori gastritis
had lymphoid follicles (1297/2544) as compared with 0% in patients with reflux
gastritis (104) and normal patients (220). Indeed, the presence of lymphoid follicles
in gastric mucosa is virtually pathognomonic of H. priori infection (GENTA et al.
1993).

Several lines of evidence support the notion that gastric lymphoma arises from
this acquired MALT. The first is that in over 90% of cases of gastric MALT
lymphoma, H. pylori can be demonstrated in the gastric mucosa (WOTHERSPOON
et al. 1991; Eipr et al. 1994). Other evidence include a case-control study by Par-
sonnet and colleagues (PARSONNET et al. 1994) which showed that non-Hodgkin’s
lymphoma affecting the stomach, but not other sites is associated with previous
. pylori infection. Finally in Veneto region of Italy, where there is a very high
incidence of gastric lymphoma, there is an accompanying high prevalence of
H. pylori infection (DoGLIONI et al. 1992).

More direct evidence comes from in vitro studies as well as clinical studies
showing progression of gastritis to monoclonal B-cell lymphoma and regression of
gastric MALT lymphoma after antibiotic therapy and eradication of . pylori
infection. Multiple publications have now reporled regression of localized stage I
gastric MALT lymphomas after antibiotic therapy and eradication of H. pylori
infection. StoLte (1992) initially reported that treatment to eradicate H. pylori
organisms resulted in resolution of lymphoid follicles but not MALT lymphomas.
However, the initial report had a limited 4-week follow-up, and a subsequent fol-
low-up reported regression of the lymphomas in six patients (StoLte and Emr

1993). Wothers
H. pylori in five
1993). In a pro
disappearance |
(60%) evaluabl
and colleagues
lymphoid hype
olution of the |
(CARrLSON et al,
H. Pylori result
the cases. In t
regression of il
after a median
tested patients |
these patients a
The relatio|
uncertain. It is |
the early or init
that H. pylori
(NakAMURA el
fully treated by

was reported i
submucosa was
In the series by
patients there w
All six patients
lymphoma was|

The mechal
MALT lympho
cultured gastric
attempl to inve
sorted cells fron
under standard
However, in thr
strains of H. pi
tumor cells wer
vented by T-cel
were directly re
eralive response
release cylokine|
Recently C.-’\I,Vljj
with B-cell gast
fection. In som
(umor-suppress
mas, bul not pt



e i G e

_—

Gastric Cancer and Lymphoma 63

1993). Wotherspoon reported regression of MALT lymphoma after eradication of
H. pyloriin five of six patients who received antibiotic therapy (WoTHERSPOON et al.
1993). In a prospective cohort study by RoGGEro and colleagues (1995) there was
disappearance or almost total regression of the lymphomatous tissue in 15 of 25
(60%) evaluable patients with MALT lymphoma. In a case reported by CARLSON
and colleagues (1996), a progression from H. pylori-associated gastritis through
lymphoid hyperplasia to a monoclonal B-cell lymphoma was observed and a res-
olution of the lymphoma was documented on eradication of H. pylori organisms
(CARLSON et al. 1996). In the study by PinorTi and colleagues (1995), eradication of
H. Pylori resulted in complete regression of MALT lymphoma in 21 of 31 (67%) of
the cases. In the largest reported series 35 of 50 (70%) patients had complete
regression of their gastric MALT lymphoma following eradication of H. pylori
after a median follow-up of 24 months (NeuBautr et al. 1997). However, 22 of 31
tested patients in remission had evidence of monoclonal B-cells by PCR. Whether
these patients are truly cured of their lymphomas remains to be determined.

The relationship of H. pylori with invasive and high grade gastric lymphoma is
uncertain. It is has been suggested that H. pylori is more likely Lo be associated with
the early or initial states of primary gastric lymphoma than advanced tumors, and
that H. pylori may also disappear during the progression of gastric lymphoma
(NAKAMURA el al. 1997). Almost all reported cases of gastric lymphoma success-
fully treated by eradication of . pylori have been flat mucosal lesions. A single case
was reported in which a large ulcerated gastric lymphoma that penetrated the
submucosa was successfully treated by eradication of H. pylori (WEBER et al. 1994).
In the series by Neubauer and associates (NEuBaugr et al. 1997), in 6 out of 50
patients there was no change in the gastric lymphoma after eradication of H. pylori.
All six patients underwent surgery and in four of the six transition into high-grade
lymphoma was found on histological review.

The mechanism by which H. pylori infection leads to the development of B-cell
MALT lymphoma has not been completely elucidated. HusseLL et al. (1993) co-
cultured gastric MALT lymphoma tumor cells with 12 isolates of H. pylori in an
attempl to investigate the immunological response of the tumor cells. When un-
sorted cells from cases of low-grade primary B-cell gastric lymphoma are cultured
under standard conditions, they characteristically die within the first 5 days.
However, in three cases studied, when heat-killed whole cell preparations of certain

strains of H. pylori were added to these cultures, clustering and proliferation of

tumor cells were observed. Interestingly, neoplastic B-cell proliferation was pre-
vented by T-cell depletion, suggesting that either the MALT lymphoma B-cells
were directly responsive to H. pylori but required help of T-cell to make a prolif-
erative response, or H. pylori is antigenically stimulating nonneoplastic T-cells to
release cytokines that stimulate the proliferation and transformation of the B-cells.
Recently CALVERT et al. (1995) studied gastrectomy specimens from 12 patients
with B-cell gastric lymphoma, although only five had documented H. pylori in-
fection. In some of these patients they detected an allele imbalance at loci for
tumor-suppressor genes that were present in sections containing MALT lympho-
mas, but not present in sections containing only gastritis. They suggest that this
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difference between the two sections reflects ongoing genetic damage to the cells,
possibly caused by H. pylori organisms.

Gastric MALT lymphomas are B-cell neoplasms. Primary gastric T-cell lym-
phoma is very rare (NAKAMURA et al. 1995). There is a possibility that H. pylori may
also influence the development of gastric T-cell lymphoma (NAKAMURA el al. 1997).
MALT lymphoma is an indolent disease, that usually presents as localized extra-
nodal tumor without accompanying adverse prognostic factor for nearly all patients.
These patients have a high response rate to treatment and a long survival (THiis
LEMONT el al. 1997). In the series reported by CoGrLiaTt et al. (1991) the survivals
following a variety of treatment protocols, all of which included surgical resection of
the stomach, were 91% at 5 years and 75% at 10 years. The S-year survival was
considerably better for stage I E disease (95%) than for stage 11 E (82%).

The best therapy for patients with gastric MALT lymphoma who fail to re-
spond or progress after antibiotic eradication of /1. pylori is unknown, The optimal
management has not been clearly defined with regard to the role of surgery, che-
motherapy, and radiotherapy. Traditional therapy for localized gastric MALT
lymphoma has been largely surgical, with patients receiving partial or total gas-
trectomy. In the series by CoGriarri etal. (1991), in which MALT lymphomas were
considered separately from higher grade lymphomas, 5-year survival rates of 95%
for stage I E and 82% for stage 11 E had been obtained with su rgery. However, the
Lrue survival rate associated with surgical therapy alone is difficult to discern, as
adjuvant chemotherapy or radiation therapy was frequently used. Because of re-
lapses in the gastric remnant after partial gastrectomies and the multifocal nature of
gastric MALT lymphomas, most treatment recommendations are to perform total
gastrectomy to eradicate lymphoma when it is confined to the stomach, and che-
motherapy for disseminated cases (MONTALBAN et al. 1995; CoGLiaTT el al. 1991
Rapaszriewicz et al. 1992). However, HAMMEL et al. (1995) consider total gas-
trectomy an aggressive treatment that is not justified because of the indolent be-
havior of MALT lymphoma and because it did not prevent rela pses outside the GI
tract. In the series by Hammel et al. single agent chemotherapy with oral cyclo-
phosphamide or chlorambucil given for a median of 18 months in patients with
stage I E or stage 1V gastric MALT lymphoma resulted in complete remission in 18
or 24 patients (75%). Of 17 patients treated with stage I E disease, two relapsed
(12%) and three (18%) had partial remission.

Al present the natural history as well as the best therapeutic approach of
gastric MALT lymphoma remains poorly defined as most of the publications are
retrospective, involve select populations, ancedotal, small sample sizes, short fol-
low-up and widely varying treatment protocols. The Lymphoma Committee of the
Southwest Oncology Group plans to determine in a prospective clinical trial, the
response rate associated with antibiotic eradication of #H. pylori in stage 1 E or 11 E
gastrointestinal MALT lymphoma (Vosk et al. 1997). Patients who do not achieve a
complete response after antibiotic therapy will receive aggressive locoregional
therapy with three cycles of cyclophospamide, doxorubicin, vineristine, and pre-
dnisone chemotherapy plus involved-field radiation therapy to obviate the mor-
bidity of total gastrectomy.
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In conclusion, clinical and experimental studies indicate that gastric MALT
lymphoma is a B-cell neoplasm which is an indolent disease that presents in a
localized extranodal location without any associated adverse prognostic factor for
nearly all patients and that the first step in the pathogenesis of this lymphoma is
accumulation of lymphoid tissue (MALT) in response to infection of the stomach
by H. prlori. Only rarely is there a monoclonal B-cell proliferation from the MALT
which results in a monoclonal lymphoproliferative lesion that is responsive Lo
H. pylori-driven T-cell help and H. pylori is considered to be more closely associ-
ated with the early or initial states of primary gastric lymphoma than the advanced
states. An understanding of the biological mechanisms underlying the link between
H. pylori infection and gastric lymphoma is of profound importance not only in
primary gastric lymphoma, but also for the management of the more common, low-
grade B-cell lymphomas of lymph nodes.

4 Conclusions

There is now overwhelming evidence to implicate H. pylori in the development of
both gastric adenocarcinoma and gastric MALT lymphoma. However, the exact
role that H. pylori plays in carcinogenesis remains to be defined. While infection
with H. pylori can clearly be a risk factor, the low percentage of infected individuals
that actually develop these malignancies indicates that 1. pylori must act in concert
with one or several environmental or genetic cofactors. Large-scale, appropriately
controlled, studies that might elucidate these cofactors or further define the influ-
ence of H. pylori on the host need to be performed before this picture becomes
complete. Additionally, the existence of appropriate animal models employing
either F1. pylori or other gastric Helicobacter species that mimic gastric adenocar-
cinoma and/or MALT lymphoma progression would greatly facilitate research in
this area. Such advances would not only increase our understanding about carci-
nogenesis in general, but would better enable us to identify individuals for
appropriate preventative treatment. Currently, there does not appear to be enough
information to warrant the screening of asymptomatic individuals for the presence
of H. pylori infection. However, because H. pylori has been identified as a carcin-
ogen by the World Health Organization, the prudent course of action for now
would be to treat any individual who for clinical reasons has been screened and
identified as being infected with H. pylori.
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1 Imntroduction

Peptic ulcer disease causes significant morbidity and mortality in adults (SONNEN-
BERG et al. 1996; SONNENBERG 1988, 1995). However, studies have yet to be per-
formed that evaluate both the overall prevalence of peptic ulcer disease in large
pediatric populations and the health care impact of this condition on the care of
children. Gastritis, the “precursor’ lesion to mucosal ulceration (i.e., peptic ulcer
disease) is an important clinical entity and may be an important cause of abdominal
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pain in children (DrRUMM et al. 1988; Loor et al. 1985). Anectdotal reports suggest
that ulcer frequency in children is higher than previously reported, and multicenter
studies may contribute to a better understanding of the prevalence and economic
impact of these entities in the pediatric population (KURATA ct al. 1984: EAstaAM
et al. 1991; MACARTHUR et al. 1995; GoLp 1996).

Gastritis and ulcers of the duodenum or stomach have historically been clas-
sified either as primary or secondary (Table 1) (GoLp 1996; DRUMM et al. 1996). It
was previously believed that the majority of children with gastritis and ulcers in the
stomach or duodenum have secondary inflammation or mucosal ulceration. Sec-
ondary gastroduodenal ulcers generally occur due to a systemic condition such as
overwhelming sepsis or as a result of drug ingestion (i.e., nonsteroidal anti-in-
flammatory agents; SILEN 1987; KuraTA et al. 1997). Secondary gastric or duo-
denal ulcers can also occur in specific diseases such as Zollinger-Ellison syndrome
and Crohn’s disease (HirscHOWITZ 1996: Moonka et al. 1993: Ruuska et al. 1994).
Although uncommon, secondary ulcers have been reported occurring in other
diseases such as cystic fibrosis and sickle cell disease (SERIEANT et al. 1973;: Rao
et al. 1990; OrPENHEIMER et al. 1975; ROSENSTEIN et al. 1986). A distinguishing
factor of secondary compared to primary ulcers can be determined by taking a
good patient history on initial evaluation. Careful historical information obtained
from children with secondary ulcers rarely reveals a family history of peptic ulcer
discase (BOURKE et al. 1996: SHERMAN 1994).

Studies also indicate that children presenting with duodenal or gastric ulcers
who are less than 18 years of age and have no other identified causes have primary
gastroduodenal ulceration (SHERMAN 1994: MiTCHELL et al. 1993). An easily elic-
ited family history of peptic ulcer disease is a frequent positive finding in these
patients (MURPHY et al. 1987: JACKSON 1972). In virtually all of these patients

mucosal inflammation and, if present, ulceration is caused by a spiral-shaped,

Table 1. Classification and causes of gastritis and ulcers in children (classification/category etiology)

Primary
Secondary
Excessive acid production

Helicobacter pylori

Zollinger Ellison syndrome Antral gastrin (G)
cell hyperplasia Antral G cell hyperfunction
Systemic mastocytosis Renal failure,
hyperparathyroidism

Infants: traumatic delivery, neonatal sepsis,
perinatal asphyxia

Children: shock, trauma, sepsis, head injury, burns

Eosinophilic gastroenteritis Menetrier's disease,
hypertrophic gastritis Lymphocytic (varioliform)
gastritis Autoimmune (atrophic) gastritis
Gastroduodenal Crohn’s disease

Nonsteriodal anti-inflammatory agents
(NSAIDS; with or without H. pylori)
Aspirin Ethanol (alcohol)

Stress

Other conditions

Drug-related
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gram-negative, microaerobic rod, Helicobacter pylori (DRUMM et al. 1987; Goob-
win et al. 1989).

Further evidence for the “familial” nature of primary gastritis and peptic
ulceration occurring in children are the findings of H. pylori clustering among
family members of affected individuals (DrUMM et al. 1990; Wana et al. 1993).
H. pylori infects almost 50% of the world’s population; however, the majority of
individuals do not experience symptoms that they deem reportable to their phy-
sician and most are unaware of their infection. H. pylori colonizes the gastric
antrum and has satisfied Koch’s postulates as human pathogen causing primary,
chronic-active gastritis in children (DrumM 1993; CzinN et al. 1986) as well as
adults (BLASER 1992; MARSHALL et al. 1995). Many investigations provide com-
pelling evidence that this organism is associated with a significant proportion
(90%-100%) of duodenal ulcers and, to a lesser extent, gastric ulcers in children
(Prieto et al. 1992; YEUNG et al. 1990). Evidence also indicates that the more
significant the gastroduodenal inflammation, the carlier H. pylori infection was
acquired (PARSONNET 1995; VELDHUYZEN VAN ZANTEN et al. 1994). Furthermore,
epidemiological data have linked chronic H. pylori infection (likely beginning in
childhood) with the development of gastric carcinomas (MITCHELL €l al. 1992;
ForMAN et al. 1991; Corrga 1995).

Both host and bacterial factors have been identified as potentially playing a
role in gastroduodenal inflammation associated with H. pylori infection (BLASER
1997). However, there are still many features of H. pylori associated disease in
humans that remain undefined. An understanding of H. pylori as the etiological
agent in gastroduodenal inflammation and neoplasia is critical to define the
pathogenesis of gastritis and peptic ulcer disease.

2 Epidemiology

Most epidemiological studies of H. pylori infection have been performed in adults
who likely were infected for decades before diagnosis (WeBB et al. 1994;
VELDHUYZEN VAN ZANTEN et al. 1994). In addition, there are numerous studies of
the prevalence of H. pyloriinfection, yet a notable lack of investigations which char-
acterize the incidence of this infection (SONNENBERG et al. 1996; PARSONNET 1995).
These types of incidence studies are difficult to perform for a variety of reasons.
Large natural history studies in children are logistically difficult to carry out due to
the lower prevalence rates in the younger age group and to the necessity for mul-
tiple centers. In addition, there is a lack of clear markers (i.e., clinical correlates) to
determine the exact time of initial infection acquisition, further confounding in-
vestigators abilities to both design and carry out proper incidence studies.
Throughout the world the incidence of H. pylori infection appears to be higher
in children than adults (PARsONNET 1995). Data on the incidence of H. pylori
infection in children are limited (StaaT et al. 1996; AsHorn et al. 1996; MALATY
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et al. 1994). The incidence of H, pyloriinfection in industrialized countries has been
estimated at approx. 0.5% of the susceptible population per year. This incidence
appears to be decreasing; thus infected adults are more likely to have been infected
in childhood (MALATY et al. 1996; VELDHUYZEN VAN ZANTEN et al. 1994). In ad-
dition, the incidence of H., pylori infection continues to be high in developing
countries, estimated at 3%—10% per year. For example, data from author’s labo-
ratory demonstrate that the seroprevalence rate of H. pylori in Bolivian children
(70% seropositive by age 9 years) compared to Alaska Native children (69%
seropositive by age 9 years) is quite high; this is evidence that infections ocecur quite
early in populations living in developing countries or developing regions, respec-
tively (FRIEDMAN et al, 1997; Yip et al, 1997). Conversely, seroprevalence rates for
H. pylori in children living in the southeastern United States are much lower (12%-
[5% by age 9 years) (CHONG et al. 1997); however, rates are highly variable de-
pending on a child’s ethnicity even in a developed country.
Although not clearly characterized in humans, the route of transmission of
H. pylori is postulated to be person to person via fecal-oral or oral-oral routes
(MEGRAUD 1995; GoopMAN et al. 1995). The fecal-oral route of transmission has
been definitively characterized in an animal model of H. pylori infection, the ferret
(Fox et al. 1993). Studies in this model demonstrate that gastric colonization of
ferret stomachs by H. mustelae results in similar pathology as humans infected with
H. pylori (Fox et al. 1990). Moreover, ferrets have been shown to get chronic
gastritis, duodenal and gastric ulcers and to develop gastric carcinoma as the end
result of long-term H. mustelae infection (LEE 1995; PERKINS et al. 1996: Yu et al.
1995). Molecular studies provide further support of the fecal-oral or oral-oral route
of transmission in humans. Several studies have identified H. pylori DNA in the
dental plaque and saliva of adults and children with polymerase chain reaction
(PCR) techniques (CHow et al. 1995; Luzza et al. 1995; BANATVALA et al. 1995).
Interpretation of these data suggests that the mouth may be either an initial site of
H. pylori colonization prior to seeding the stomach and colonizing the gastric
epithelia or an actual reservoir for this infection.

Humans appear to be the primary natural reservoir of H. pylori infection,
although others have been proposed, including water, domestic cats, and houseflies
(KLEIN et al. 1991: HANDT et al. 1994, 1995; EnrOTH et al. 1995; GRUBEL et al.
1997). Water, as an environmental source of H. pylori infection, was first described
in a study of Peruvian infants. These authors used "*C-breath testing as the measure
of infection in young children and made an epidemiological association with
contaminated water and the high prevalence of this infection. The specific viability
of H. pylori in water has not yet been definitively confirmed. However, the methods
used to identify organisms in water (immunomagnetic beads, fluorescent micros-
copy, and PCR), and the epidemiology that associate “contaminated” water and
the presence of infection in humans have been well designed (EnroTH et al. 1995).
Domestic cats have been shown to harbor H. pylori (HANDT et al. 1995;
EL-ZAATARI €t al. 1997), although this was not found in stray cats. The housfly, which
has been postulated but not confirmed to be a definitive vector for other enteric
pathogens (e.g., Salmonella spp.) has been proposed as a transmission vehicle for
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H. pylori infection in humans. However, the data regarding this route remain
equivocal. Recent investigations from two different groups have proposed con-
tradicting theories regarding the housefly as a potential vector for H. pylori
transmission (GRUBEL et al. 1997; OsATo et al. 1997).

H. pylori primarily infects children, and the risk factors that have been de-
scribed include persons residing in a developing country, living in conditions of
poor socioeconomic circumstances and/or familial overcrowding, and being of
certain ethnicities. In particular, in the United States the prevalence rates among
African-Americans and Hispanics are similar to those among populations in de-
1996). Little is known, however, about the phe-

veloping countries (STAAT et al.
ains infecting children, and in particular, the

notype and genotype of H. pylori str
epidemiology of infecting pediatric H. pylori strains.

3 Pathogenesis

3.1 Host Factors

The outcome of gastroduodenal disease after H. pylori colonization is believed to
be a result of both host and bacterial determinants. Acid secretion for many years
has been described as the critical factor for the development of mucosal ulceration
in the stomach or duodenum. However, the effect of H. pylori on gastric acid
secretion is a rather controversial subject. In particular, the effect of H. pylori on
acid secretion in children remains poorly defined. One recent study demonstrated
that there may be a difference between acid secretion in children with gastric ulcers
as compared with those with duodenal ulcers (NAGITA et al. 1996). In a study of 82
subjects — 10 children with gastric ulcers, 9 with duodenal ulcers, 58 nonulcer
patients, and 5 healthy adults the authors looked at 24-h pH measurements as a
determination of acid secretion. Gastric acidity was significantly reduced in patients
with primary gastric ulcers (i.c., Helicobacter pylori-associated). However, gastric
acidity was increased or above adult levels in those children with duodenal ulcers
(NAGITA et al. 1996).

Other studies in children demonstrated a 24-h acid output distinctly different in
ulcer patients than in normal controls (YAMAsHIRO et al. 1995). This study was
performed in each subject with intragastric pH monitoring over a 48-h period, the
first 24h untreated and the second 24h with three doses of the acid suppressing Hy
receptor antagonist, cimetidine. Children with duodenal ulcers lacked the “intra-
gastric pH inversion” that occurs in normals around midnight, and had persistent
hypergastric acidity for most of the 24h period. Unfortunately however, the ma-
jority of adult studies are equivocal; in maximal acid output (MAO) the acid output
values over a 24-h period or even basal acid output (BAQ) are not predictive of the

likelihood of ulcer development.




76 B.D. Gold

Evidence suggests that the pathogenesis of gastritis and gastroduodenal ul-
ceration due to H. pylori infection is also mediated by disturbances in bicarbonate
secretion and the mucus layer over gastric and duodenal epithelium. The mucus
layer serves as a barrier to luminal pepsin and hydrochloric acid, preventing access
of pepsin to the apical surface of gastric epithelial cells and by neutralizing the acid
through the presence of bicarbonate secreted into the mucus layer. The mucus layer
also provides protection for the epithelial cell turnover both in normal and per-
turbed states, as well as from mechanical damage during the hypermotile state of
the digestive and intestinal phases of digestion. Mucosal production of bicarbonate
secretion can be stimulated by prostaglandins, but inhibited by nonsteriodal anti-
inflammatory agents (McQUEEN et al. 1983). Recent studies demonstrate that there
are impaired rates of proximal duodenal bicarbonate production in patients with
duodenal ulceration (ISENBERG et al. 1987; MErTZ-NIELSON et al. 1996). Clearly,
further studies of gastric acid and duodenal bicarbonate secretion in H. pylori
infected compared to uninfected children are critically needed.

It has been demonstrated that when there is inflammation in the stomach and
duodenum in both humans and ferrets as a result of Helicobacter infection, there is
a concurrent decrease in gastroduodenal mucosal surface hydrophobicity. This is
believed to be due to a disturbance in the mucus layer (GoLp et al. 1996;
LICHTENBERGER et al. 1994; Go et al. 1993). It is postulated that the mucus confers
hydrophobicity to the stomach, and its decreased production and erosion leads to
exposure of gastric epithelial cells to pepsin, acid, and other aggressive factors.
Adult studies have demonstrated that a decreased polymerization of the component
glycoproteins of mucus contribute to the deficient structure of duodenal ulcer pa-
tient mucus (YOUNAN et al. 1982). Evidence points to disturbances in the gastro-
duodenal mucus layer and bicarbonate secretion as factors in ulcer pathogenesis,
but no studies have been carried out in children.

Gastric hormones, specifically gastrin (TAYLOR et al. 1984) and pepsinogens 1
and II (Derize et al. 1987), may also play an important role in H. pylori associated
inflammation, as ‘“‘ulcer-causing factors.” Early studies suggested an inheritable
pattern of increased serum pepsinogen levels. These investigations showed that
children with duodenal ulcers and their parents had increased levels of serum
pepsinogen I (RoTTER et al. 1979). Subsequent studies of H. pylori infected dem-
onstrate that chronic infection is associated with elevated levels of serum pepsin-
ogen (ODERDA et al. 1990). Since this organism clusters in families, this observation
has been felt to be evidence for the “inheritable” nature of peptic ulcer disease
(DruMM et al. 1990).

A vigorous local and systemic host immune response is observed after gastric
colonization by H. pylori organisms (Wyarr 1995). However, spontaneous clear-
ance of H. pylori without antimicrobial-based therapeutic regimens is a rare oc-
currence. A monocyte and macrophage response can be seen in infected gastric
mucosa, with both polymorphonuclear cells and plasma cells also present in the
inflammatory infiltrate of adults (AsHorN et al. 1995; WhITNEY et al. 1996). Al-
though definitive data are still lacking, a number of reports describe a lack of
neutrophils in the H. pylori infected child’s gastric mucosa (WHITNEY et al. 1996,
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1998). It is still not clear whether T-cells play a major role in the inflammation
associated with H. pylori infection, yet elevated levels of interleukin (IL)-1, IL-2,
IL-6, and 1L-8, as well as tumor necrosis factor-o are detectable in the gastric
epithelium of infected individuals (ANDERSON el al. 1994). Circulating immuno-
globulin G antibodies are casily detectable in H. pylori infected individuals, and it is
based on these circulating 1gG antibodies that many of the diagnostic assays have
been developed (CUTLER 1995).

3.2 Bacterial Factors

Bacteria cause host disease by using one or more of three basic mechanisms called
virulence determinants (GotscHLICH 1983): adhesion, invasion, and toxin elabo-
ration. H. pylori is a gram-negative organism that resides under microaerobic
conditions (~80% N,, 10% CO,, 5% Ha, and 5% O,), in a neutral microenvi-
ronment away from the gastric acidity, in the mucus layer and adherent to the
epithelial cells primarily in the gastric antrum (McGowAN et al. 1996; DEKIGAT et al.
1995). Two primary morphological shapes, bacillary, and coccoid have been de-
seribed for this organism (CHAN et al. 1994). Although it is believed that the
bacillary form is the more virulent morphology, the biological relevance of each
morphological form is not clearly understood.

H. pylori is highly motile, with multiple unipolar flagella, and the genetic basis
for this virulence determinant has been well characterized (ScHmITZ et al. 1995).
Biochemically, H. pylori produces catalase, oxidase, and urease enzymes. The ur-
case enzyme enables this organism to metabolize the urea present in the gastric
mucus and establish the neutral microenvironment in which it lives and replicates.
The production of the urease enzyme is what biochemically separates H. pylori
from the intestinal Campylobacter spp. (OWEN et al. 1994; KARITA el al. 1995). The
urease enzyme has received much attention and provides a useful, rapid diagnostic
tool both in the endoscopy suite and by noninvasive carbon-13 or "“C-labeled
breath testing (Steen et al. 1995; GrRAHAM et al. 1987). Additionally, the urease
enzyme is the specific virulence determinant towards which the development
of vaccine constructs against H. pylori infection has been focused (CORTHESY-
THeELEUZ 1996).

At least 15 other species of Helicobacter that have been identified (Fox 1995).
For example, H. fennellieae and H. cinaedi are both human pathogens that reside in
the lower gastrointestinal tract and cause diarrheal disease in immunocompromised
patients. Most of the other Helicobacter spp. are animal pathogens. Much attention
has been given to H. felis, an organism that infects domestic and wild cats, and
which causes chronic gastritis in the feline stomach (LEE et al. 1988). H. felis has
been employed in recent investigations of a mouse model of chronic and acute
gastritis in the development of vaccine against gastric Helicobacter infection (CzINN
et al. 1991). Another Helicobacter of great interest is H. hepaticus, which infects
certain strains of mice and has satisfied Koch’s postulates as a causative agent of
hepatocellular carcinoma in these murine strains (Fox et al. 1996). Studies of this
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bacteria as an etiological factor in the pathobiology of murine hepatocellular

carcinoma may provide great insight into the biological plausibility and relation-
ship of H. pylori to gastric cancer in humans. Gastrospirilliun  hominis, or
H. helmanii, has been observed by histological staining of gastric biopsies obtained
at upper endoscopy performed on patients with chronic-active gastritis. However,
primary culture of these organisms has not been successfully performed, and the
clinical relevance of these gastric spirochetes remains unclear.

A proposed schematic of the natural history of H. pylori infection is depicted in
Fig. I. However, the interrelationship between bacterial virulence properties and the
host immune response that results in mucosal disease is still not clearly character-
ized. Many bacterial virulence factors have been described for H. pylori. (FIGURA
et al. 1996). Specifically, urease (ured, weeB, wreC genes) is produced in large
quantities by all H. pylori isolates, as well as the other gastric Helicobacter spp.
identified (MoBLEY et al. 1995). As mentioned above, this organism utilizes its fla-
gella (flaA, flaB genes) to navigate through the gastric mucus to reach the apical
surface of gastric epithelial cells where it adheres, replicates, and occupies its bio-
logical niche (O'TooLE et al. 1994). More recent altention has been given to the
vacuolating cylotoxin produced by more than 50% of isolated H. pyfori strains. This

H. pylori ingestion (fecal-oral/oral-oral)
cagA (+), vacA (+) - type s1/ml1 strains

Gastric antral colonization
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— |loss of normal inhibitory control of acid secretion

Chronic Superficial Gastritis Duodenal Gastric Metaplasia
— |hypergastrinemia - continued hypergastrinemia
— |somatostatin cell density decrease —
Atropbic Gastritis —— Duodenal Ulceration

= Gastric Ulcertion - decreased HCO,-secretion

Intestinal Metaplasia
— |environmental co-factors (?)
Gastric MALT- Lymphoma
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Fig. 1. Proposed schematic of f1. prlori infection and gastroduodenal discase
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cytotoxin was first described in the late 1980s and produces vacuoles in the cyto-
plasm of eukaryotic cells in vitro (FIGURA et al. 1989; LEUNK et al. 1988). The gene
(vacA) for this vacuolating cytotoxin, an 87-kDa protein, has at least two alleles and
is quite variably expressed among H. pylori isolates (ATHERTON et al. 1995).

In addition to cytotoxin activity, H. pylori strains also differ in a high mo-
lecular weight protein, designated as CagA, with a range of 105-140kDa (Tum-
MURU et al. 1993). About 60% of H. pylori isolates produce this protein, and its
presence is thought to be strongly correlated with the expression of the vacuolating
cyototoxin activity. The cagA gene has been shown to be absent from those strains
lacking the CagA protein product. The presence or absence of the cyotoxin pro-
duction has led researchers to classify H. pylori strains into type I, those that are
cyotoxin positive, and type II strains, those that are cytotoxin negative (X1aNG et al.
1995). Type I strains appear to be associated with more severe gastroduodenal
pathology than the gastric or duodenal discase associated with type II strains.
However, no studies have been performed in children, and therefore the definitive
relationship of bacterial genotype to gastroduodenal disease phenotype remains to
be determined. More recently, shortly before the H. pylori genome was sequenced
(Toms et al. 1997), it was determined that there may be a major part of the H. pylori
genome that confers pathogenicity to the organism, and this pathogenicity island,
as it is now been called, may contain a number of different genes that confer
virulence to the particular organism in a susceptible host (Censini et al. 1996;
ATHERTON et al. 1997; BLASER et al. 1995).

4 Clinical Manifestations

4.1 Gastritis

The presence of H. pylori in the gastric mucosa and antral gastritis in adults was
first reported by WARREN and MARsHALL in 1983, and shortly thereafter this
finding was also described in children (DrRumM et al. 1987). Studies in adults
established the presence of the organism in nearly all cases of chronic gastritis
(PerERSON 1991). Tt was initially suggested that H. pylori colonizes inflamed tissue
rather than causing the inflammation, since gastritis is a common finding in adults
(PeTERSON 1991). However, the prevalence of gastritis is less frequent in children,
thereby enabling the investigations of H. pylori as a cause for gastritis rather than
an opportunistic colonizer of inflamed tissue (DrumMm et al. 1987). Subsequent
studies have shown that H. pylori colonization is not a common finding on the
gastric mucosa of children with secondary causes of gastritis, for example, eosin-
ophilic gastroenteritis and Crohn’s disease (DrRuMM et al. 1990). However, bacteria
were clearly present in the majority of children with gastritis (DRuMM et al. 1987).
This observation is strong evidence for the pathogenic role of H. pylori in the
development of chronic antral gastritis in children.
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In 1986 HiLL et al. (1986) reported that four children with chronic gastritis
were infected with H. pylori. Later that year CADRANEL and colleagues found the
organism to be present in a group of eight patients with chronic gastritis. Shortly
thereafter DrumM et al. (1988) observed the bacteria in 70% of 67 pediatric pa-
tients with chronic active gastritis. Similar observations that year were also made by
ManonNy and colleagues in 38 pediatric patients and Czinn and CARR (CzINN et al.
1986) in 25. Numerous additional studies confirm that H. pylori colonization of the
gastric mucosa is virtually always associated with chronic gastritis in children
(DruMM et al. 1990; KiLBrIDGE et al. 1988; YEUNG et al. 1990). Despite the well-
known predominance of gastrointestinal pathology in males, H. pylori-associated
gastritis has been shown to be equally frequent in boys as in girls (BLECKER el al.
1994). Finally, eradication of H. pylori from the gastric mucosa is associated with
healing of the antral gastritis, another finding in favor of H. pylori as the cause of
primary gastritis in children (YEuNG et al. 1990).

H. pylori associated gastritis in children is often not apparent at endoscopy,
thereby making biopsy essential for definitive diagnosis (DruMM et al. 1987; CzINN
et al. 1987). In a prospective study the endoscopic findings were normal in eight of
ten children who had histological antral gastritis. A nodularity of the antral mucosa
has also been described to occur in association with H. pylori gastritis in children
(BusAnoveR et al. 1990). Although less common an occurrence, this finding has also
been observed in adults (MARSHALL et al. 1986; SBEIH et al. 1996).

4.2 Ulcers

Although there is a notable lack of good large population-based pediatric studies,
rates of peptic ulcer disease in childhood seems to be low. Large pediatric endos-
copy centers have reported an incidence of five to seven children with gastric or
duodenal ulcers per year (Drumm et al. 1988). Almost all peptic uleers in children
are located in the duodenum, and gastric ulcers are extremely rare in children
(CHong et al. 1995). A strong correlation has been demonstrated between duodenal
ulceration and H. pylori gastritis in children (Drumm et al. 1990). In fact H. pylori
gastritis has been found in 90%-100% of pediatric duodenal ulcer disease patients
(KiLBrIDGE et al. 1988). Similarly, as in adults (BLASER et al. 1995), duodenal
ulcerations in the absence of H. pylori are extremely rare in children. It has also
been demonstrated that duodenal ulcer disease in children does not relapse if
H. pylori is eradicated from the gastric mucosa (DooLEy et al. 1988). YEunG and
colleagues (1990) treated 23 children with H. pylori gastritis associated with duo-
denal ulcer disease, using either cimetidine alone or a combination of cimetidine
and amoxicillin. Although only a small portion of the children in this study re-
mained uninfected, when the gastric mucosa remained free of H. pylori (combi-
nation therapy), no recurrence of duodenal ulcer disease was detected 6 months
after the end of treatment. In contrast, 50% of patients whose ulcers were originally
healed, but who remained colonized by H. pylori (cimetidine only therapy) had a
recurrence of their ulcer by 6 months.
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4.3 Gastric Cancer

Support for the role of H. pyloriin gastric cancer comes from a variety of sources:
studies paralleling the epidemiological features of cancer with those of H. pylori
infection (RECAVARREN-ARCE et al. 1991; Correa et al. 1990), cross-sectional
studies of H. pylori infection in patients with cancer (PARsONNET et al. 1991a,b),
and prospective studies of H. pylori infections (FoRMAN et al. 1991; PARSONNET
et al. 1991a,b).

Gastric cancer prevalence is higher in areas of poverty; afflicting persons in
developing nations and lower sociocconomic classes of the industrialized world
(Fox et al. 1989). In many countries of Latin America and Asia, gastric cancer
remains the most common malignancy among men and the second most common
among women (JoLy 1977; PARKIN 1986). Incidence rates as high as 80 per 100,000
population have been reported in Colombia and Japan. In contrast, gastric cancer
affects less than 10 per 100,000 persons per year in the United States and Western
Europe (Youna et al. 1981). However, within low-risk countries there are certain
ethnic groups with increased risk. In the U nited States, for example, the prevalence
of gastric cancer among blacks, Asians, and Hispanics is almost double that among
whites (Youna et al. 1981).

Clues to the decline in gastric cancer incidence come from studies of persons
who have moved from a region of high gastric cancer risk to one of low risk. Those
immigrating from Japan, a high-risk country, to regions of lower risk in the United
States have only moderately decreased cancer risk, even if they immigrated at a
young age (HAENZEL et al. 1972). Second-generation immigrants, however, show a
gastric cancer risk much closer to that of their new country. Similar results have
been found in European immigrants to Australia (McMicHAEL et al. 1980) and
Puerto Rican immigrants to New York (ROSENWAIKE 1984). From these studies it
has been concluded that environmental factors initiate malignant transformation in
the stomach.

H. pylori infection can therefore be called a marker of increased gastric ade-
nocarcinoma risk. Definite proof of cause, however, would be established only if
controlled trials demonstrate that elimination or prevention of infection prevents
malignancy. As mentioned above, studies of H. hepaticus as a cause of liver cancer
in mice and H. mustelae as an etiological agent in gastric adenocarcinoma in ferrets
add biological plausibility to the role of H. pylori in gastric cancer in humans.
Moreover, WATANABE et al. (WATANABE et al.) have recently shown that long term
infection (26-62 weeks) of Mongolian gerbils by H. pylori results in the develop-

ment of gastric adenocarcinoma in >37% of the animals. This provides even more
compelling evidence to support the biologic plausibility for H. pylori’s role in hu-
man stomach cancer. In addtion, short-term studies documenting reversal of
preneoplastic conditions with anti-H. pylori therapy lend support to the association
of of H. pylori and cancer. However, whether intestinal metaplasia and, in par-
ticular, gastric epithelial cell dysplasia as a result of H. pylori infection, are irre-
versible remains to be determined (CORREA el al. 1990; Lanspown et al. 1990).
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4.4 Gastric Lymphomas

In infancy and early childhood, the stomach lacks a significant number of immu-
nocompetent lymphocytes and plasma cells. Chronic inflammation can develop as
the child becomes older, leading lymphocytes to accumulate in the submucosa and
gradually increase their depth of penetration. With the eradication of H. pylori,
chronic inflammation decreases, and the density of submucosal lymphocytes dra-
matically declines (RoBERT et al. 1993: KosuneN et al. 1992). Since most gastric
lymphomas arise in areas of chronic inflammation (Brook et al. 1983), it seems
plausible that prior H. pylori infection and gastric lymphomas are linked. Primary
non-Hodgkin’s lymphoma of the stomach is an uncommon cancer, accounting for
only 10% of lymphomas and 3% of gastric neoplasms (Spiro 1983). Gastric non-
Hodgkin’s lymphoma remains, however, the most common extranodal form of this
lymphoma, accounting for 20% of primary extranodal disease (RUBIN et al. 1990).
In addition, immunological studies have shown these tumors to be of B-cell lineage
(VILLAR et al. 1991).

Low-grade B-cell lymphomas that arise in the stomach, lung, salivary gland,
and thyroid are similar to the structural features of mucosa-associated lymphoid
tissue (MALT) as typified in Peyer’s patches (ISAACSON et al. 1987). These lym-
phomas, together with the high-grade lesions that may evolve from them (CHAN
et al. 1990), are known collectively as MALT lymphomas (IsAacson et al. 1987).
MALT lymphomas were first described in the early 1980s when Isaacson and
WRIGHT (1983) noted that the histology of certain low grade, B-cell gastrointestinal
lymphomas was unlike that of comparable low-grade nodal lymphomas but was
similar to that of MALT. Paradoxically, however, MALT is not present in either
the normal stomach or other sites in which MALT lymphomas arise.

In the stomach, lymphoid tissue is acquired as a result of colonization of the
gastric mucosa by H. pylori (SToLTE et al. 1989). WoTHERSPOON and colleagues
(1991) demonstrated that this H. pylori-associated lymphoid tissue is of MALT
type. They subsequently suggested that MALT acquired in response to H. pylori
infection provides the background on which other, yet unidentified factors act, and
that this leads to the development of lymphoma in a small proportion of cases.
Very recently HusseLL and colleagues (1993) demonstrated that cellular prolifer-
ation of low-grade B-cell gastric MALT lymphomas to H. pylori is dependent on
H. pylori specific T-cells and their products rather than on the bacteria themselves.
Multiple serological studies provide evidence suggesting that infection with
H. pylori increases the risk of gastric non-Hodgkin’s lymphoma (PARSONNET et al.
1991a,b; DoGLioNI et al. 1992; FormAN et al. 1990; PARSONNET et al. 1994).

Specific colonization of lymphoid follicle centers by neoplastic cells (IsAAcsoN
etal. 1991) and the binding of specific antibodies (GRIENER er al. 1994) suggest that
MALT tumors are immunologically responsive. Given the close association be-
tween gastric MALT lymphoma and H. pylori, this organism might evoke the
immunological response, and eradication of H. pylori might thereby inhibit the
tumor. Studies have suggested that anti-H. pylori therapy eradicates MALT lym-
phoma in some cases (WOTHERSPOON et al. 1993; BAYERDORFFER et al. 1994).
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5 Methods of Detection

5.1 Indications for Diagnostic Testing

At present there are no reliably defined indications or guidelines for the clinician to
follow in deciding whether a child should undergo testing for H. pylori infection.
Indiscriminate testing for H. pylori could consume a tremendous amount of health
care resources, and in asymptomatic patients, particularly children, ethical con-
cerns are an important issue to consider. Therefore, from one perspective, neither
the costs of treatment nor the risk of testing is justified in asymptomatic children.
However, the primary pediatrician and pediatric gastroenterologist must also
consider the parent’s fears of the presence of an infection that could in the long run
result in significant morbidity (e.g., ulcers) and potentially mortality (e.g., gastric
cancer). Thus, on the contrary, refusal to test for the infection if the specific clinical
situation suggests that testing might be reasonable, may in fact be detrimental to
the patient’s health and well being. Consensus has not necessarily been reached for
this infection in the pediatric population despite three large recently published
consensus conferences. Therefore testing for H. pylori should be considered as
appropriate only if treatment is planned and should have an impact on the man-
agement of the child (LeE et al. 1997). At present there is no evidence of benefit
from H. pylori eradication in individuals without gastrointestinal symptoms (e.g.,
dyspepsia); asymptomatic adults and especially asymptomatic children. Therefore
the clinician should use a carefully documented history of abdominal complaints
and related symptoms (e.g., anorexia, weight loss) as well as family history to
determine the indications for diagnosis on the presumption that if H. pylori is found
by a validated and reliable test for children, the infection will be treated.

5.2 Diagnostic Testing

The reference method for the diagnosis of active H. pylori infection is esophago-
gastro-duodenoscopy with gastric biopsies. However, there are numerous other,
reasonably accurate detection assays that recently have become commercialized
and available for clinical use. Invasive techniques are based on upper endoscopy
and multiple biopsies for the detection of H. pylori. Histological demonstration of
the H. pylori upon staining or its identification by microbiological means (i.e.,
culture) constitute direct evidence of the presence of this micro-organism. Most
noninvasive techniques rely on detecting a feature of H. pylori (e.g., the ability to
hydrolyze urea) or the response of the immune system to its colonization of the
gastric epithelium (i.e., specific antibodies).
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found to be more sensitive in detecting H. pylori antibodies than bacterial agglu-
tination or complement fixation (CHonG et al. 1995). Commercially available se-
rological assays, based primarily on IgG antibody levels against H. pylori antigens,
have reasonable accuracy in detecting the “presence™ of H. pylori infection (Cur-
LER ct al. 1995). However, caution must be used when depending on these assays
for patient management, particularly in the pediatric population. The assays are
limited in their accuracy when applied in populations different from those in which
the assays were developed (e.g., a developing country such as Peru as compared to
the United States). In addition, most commercially available assays have been
standardized and validated (against esophago-gastroduo-denoscopy with biopsy) in
adult populations, therefore have different cutoff values than those which may be
appropriate for use in children. It has been demonstrated that results obtained for
serological tests for the detection of H. pylori in adults cannot necessarily be ex-
trapolated to children (WestBLoMm et al. 1992; MEeGrAUD 1993). Although the
reason for this discrepancy between pediatric and adult age groups is not yet fully
understood, it has been suggested that a difference in H. pylori antigen recognition
is responsible for the decreased sensitivity and specificity in children. Conversely,
due to the variable immune response in children, a significant difference in cutoff
values between the adult and pediatric populations might be the causative factor
(Czinn et al. 1987; KHANNA et al. 1997). Finally, the 1gG response to H. pylori
infection persists for at least 3 months and by some reports more than 1 year in the
face of successful antimicrobial treatment of the infection; thus the use of serology
for posttreatment monitoring may be limited.

5.4.2 Polymerase Chain Reaction

Performing PCR techniques in a laboratory, usually research, with considerable
expertise is exquisitely sensitive, but can be fraught with false positives, such as
from contaminated forceps or endoscopy equipment. This technique has been able
to detect H. pylori in biopsy specimens (BickLEY et al. 1993; KooisTRA-SMID et al.
1993), gastric juice and saliva (WestsLOM et al. 1993), dental plaque (BickLEY et al.
1993; NGuyen et al. 1993), and feces (MapsTONE et al. 1993). However, because of
the relatively high cost and time consumption of PCR as a diagnostic tool for the
detection of H. pylori, this technique does not yet belong to the routine diagnostic
possibilities in clinical practice.

6 Treatment and Vaccine Development

6.1 Indications for Treatment

An area for critically needed studies is treatment for H. pylori infection in the
pediatric age group; in particular, indications for treatment and the appropriate
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treatment regimen. Of all the “consensus” conferences convened to develop
guidelines for the diagnosis and management of H. pylori infection, no recom-
mendations have been reached regarding the H. pylori infected child (Howpen
1997). In 1994 the NIH Consensus Conference recommended that a person should
be treated if there is evidence of a gastric or duodenal ulcer (NIH 1994). In 1997 the
American Digestive Health Conference (ADHF) recommended that an H. pylori
infected individual should be treated if there is an active or past history of duodenal
or gastric ulcer, and if there is resection of an early gastric cancer or MALT
lymphoma. The ADHF also recommended retesting after treatment for patients
with bleeding or otherwise complicated peptic ulcer disease (FENNERTY 1997). The
Canadian Consensus Conference recommendations are similar except for the fol-
lowing; (a) routine testing for H. pylori in patients with gastroesophageal reflux
disease (GERD) is not recommended due to the lack of data on a relationship
between H. pylori infection and GERD:; (b) eradication should be considered in
high-risk populations for gastric cancer development (i.c., those of Japanese ori-
gin), although the benefits are still unproven; (c) eradication should be attempted in
patients with H. pylori infection and severe histological gastritis and absence of
ulcer as eradication clearly reverses inflammation: and (d) patients with chronic
persistent (>3 months) dyspepsia (pain or discomfort in the upper abdomen) and
without alarm features (anemia, weight loss) can be considered on a case-by-case
basis for eradication if H. pylori positive by noninvasive testing (breath test, se-
rology) (Hunr et al. 1998).

Finally, the European Helicobacter pylori Study Group (EHPSG) held a
consensus conference in 1996 involving 19 European countries, with observers from
the United States, Canada, and Japan (EHPSG 1997). The EHPSG conference
guidelines agree with the above recommendations for eradication therapy in the
face of peptic ulcer disease, MALT lymphoma, early gastric carcinoma and in
individuals with a strong family history or endemic country with gastric carcinoma.
They also agree with the North American guidelines (i.e., ADHF and Canadian)
for the cradication of H. pylori infection in severe gastritis, but there is considerable
debate and controversy regarding indications for therapy in the H. pylori infected
individual with nonulcer dyspepsia, GERD and in particular in asymptomatic
subjects. Overall, however, the European guidelines are to treat if one intends to
test for H. pylori — “‘test and treat” strategy.

Thus the guidelines for children remain undefined. This author believes that it
is reasonable to recommend that a child with refractory abdominal symptoms and
documented H. pylori infection with histopathological findings (i.e., chronic-active
gastritis) should be treated with antimicrobial agents. Patients who have failed
empiric acid-blockade therapy (i.e., H, receptor antagonists), should be evaluated
for H. pylori infection before initiation of antimicrobial therapy. Evaluation should
be performed by upper endoscopy and biopsies with at least histological evaluation
and appropriate staining employed by the evaluating pathologist (i.e., Giemsa,
Warthin-Starry). Urea breath testing could be used as a screen until appropriate
controlled trials of breath testing with establishment of proper cutoff values in
children are performed. If using serology as a screening method, the clinician must
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have a careful understanding of the assay chosen, the study population used for
validation (age, diagnosis, geographic location) taken into account before sub-
jecting the patient to the test and charge. Children who are undergoing mainte-
nance antisecretory therapy and are subsequently diagnosed with H. pylori
associated peptic ulcer disease should be treated for their infection regardless of
whether they are suffering from the initial disease presentation or from a recur-
rence. Controlled prospective studies are needed to assess the benefits of treating
nonulcer dyspeptic children with H. pylori infection (NIH 1994; RowLAND et al.
1997; Hunt et al. 1998).

6.2 Treatment

The recurrence of duodenal ulcers can be dramatically reduced and prevented by a
single course of antimicrobial therapy directed at the eradication of H. pylori or-
ganisms infecting the gastric mucosa. Because of the economic impact of peptic
ulcer disease (i.c., treatment costs, morbidity and mortality) approx. $U.S.13 bil-
lion (1993 dollars) annually for the management of acute and chronic ulcers, ap-
prox. 6500 annual deaths, as well as the prevalence of H. pylori worldwide, it can be
easily determined that all patients with ulcers who are also infected by H. pylori
should receive antimicrobial therapy. As mentioned above, there is a notable lack
of consensus on which patients should receive therapy when infected by H. pylori
and manifesting other gastroduodenal disease (i.c., gastritis). Reports of reinfection
rates vary in the literature, but cross-infection may occur and can be quite high in
families with small children (RowLAND et al. 1997).

H. pylori is a difficult organism to treat, and success of therapy requires the
concurrent administration of two or more antimicrobial drugs. In treatment trials
the success of therapy has often been arbitrarily defined as the absence of detectable
organisms by tissue sampling or carbon-labeled urea breath tests, | month or more
after discontinuation of treatment. The clear majority of treatment trials have been
performed in adults, with a notable lack of available information on treating
H. pylori infected children. None of the drug regimens currently used to treat
H. pylori eradicates the organism successfully 100% of the time, and some regimens
are associated with a relatively high frequency of side effects. In addition, H. pylori
is resistant to only a few antimicrobial agents, (i.e., vancomycin, nalidixic acid), but
it can become readily resistant to metronidazole and to a lesser extent clarithro-
mycin. Therefore the success of the therapeutic regimen depends highly upon pa-
tient compliance, the resistance that may develop in H. pylori strains colonizing the
infected individual, and adverse reactions.

Successful combination therapies for H. pylori are based on a antibacterial
agent that acts luminally to cause significant suppression of the bacterium. In this
scenario, a second agent acting both topically and systematically is more efficacious
and less likely to cause selection of resistant isolates. Amoxicillin has been widely
used to treat H. pylori, especially in combination with bismuth (Biancai et al. 1993;
Rosioru et al. 1993). A disadvantage of amoxicillin is a 5% incidence of Clos-
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tridium difficile induced colitis, which may be prevented by combining the drug with
metronidazole (MARSHALL 1993). This regimen was advocated as a 7-day treatment
by LoGaN et al. (1994a), with an overall eradication rate of 74%.

Others have observed H. pylori eradication in 60%—70% of patients given
combination dual therapy with amoxicillin and omeprazole (UNGE et al. 1989); due
to previous studies demonstrating treatment failure with monotherapy of amoxi-
cillin. It has been proposed that omeprazole would enhance antibiotic penetration
into a pH neutral location (i.c., between parietal cells where H. pylori tend to
colonize). Preliminary results from a larger study using the combination amoxi-
cillin-omeprazole demonstrated an eradication rate of 80% (BAYERDORFFER et al.
1994). In addition, ulcer relapse was virtually nonexistent (<2%) in the patients in
whom H. pylori had been eradicated. A recent trial investigated the effect of a
clarithromycin-omeprazole combination therapy in 73 patients with H. pylori as-
sociated gastroduodenal pathology (LoGAN et al. 1994b). As defined by a negative
[*Clurea breath test, H. pylori was cleared after 2 weeks of treatment in 95.9% of
the patients and eradicated in 78.1%.

Triple therapies have the advantage of both luminal and systemic activity.
Luminally active agents against H. pylori are bismuth, tetracycline, amoxicillin,
clarithromycin, and furazolidone (GraHAM et al. 1989). Most triple therapies
contain a nitroimidazole (i.e., metronidazole), appearing to be the most active
component against H. pylori, provided that bacterial suppression with the other
agents has occurred (Table 2). The combination of bismuth, tetracycline, and
metronidazole seems to be particularly effective (HoskING et al. 1994; Iser et al.
1994: McCartay et al. 1993; Tuus et al. 1993; WiLHELMSEN et al. 1994). One
investigation demonstrated a 90% eradication rate, suggesting that more than 50%
of the metronidazole-resistant forms are eradicated by this triple therapy (Boroby
et al. 1992, 1994). Further support is provided by a recent comparison of various
combination therapies for metronidazole-resistant organisms, in which the eradi-
cation rate exceeded 50% even if H. pylori infection was retreated with the same
triple therapy (Boropy et al. 1992, 1994). Since the eradication rate with dual
tetracycline-bismuth therapy is very low, it appears that synergism exists between
metronidazole and the other two drugs (GraHAM et al. 1993).

Bazzovi and colleagues (1993) reported an H. pylori eradication rate of 100%
in 36 patients with a l-week regimen utilizing omeprazole, clarithromycin, and
tinidazole triple therapy. These results were later confirmed with follow-up eradi-
cation rates of 95% (BazzoLi et al. 1994; Moavyepi et al. 1994). Furthermore, the
bacterial eradication rate decreased markedly after substitution of nitroimidazole
by tetracycline, suggesting that tinidazole or metronidazole are important for im-
plementation of treatment options that confer sufficiently high bacterial eradication
(LaBENZ et al. 1994).

A recent multicenter adult study, using clarithromycin, omeprazole, and
amoxicillin for 1 week, obtained an eradication rate of 96% with this short-term
triple therapy (LiND et al. 1996). Because of the short duration and excellent
eradication rate of this triple therapy, the treatment should be considered as a
potential first choice for the initial treatment and eradication of H. pylori in both
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Table 2. Triple-therapy combinations (from BLecker and GoLp 1997)

/] Days Eradication
rate (%)

Tetracycline-bismuth-metronidazole

Lagenz et al. (1994) 19 14 84.2
Cutrer et al. (1995) 118 28 96.6
Granam et al. (1992) 923 14 87.0
WILHELMSEN et al. (1994) 152 14 89-98
Hosking et al. (1994) 76 7 94.0
IsEr et al. (1994) 101 14 90.0
Thus et al. (1993) 100 15 93.07
50.0¢
98.4°
BELL et al. (1993) 43 14 90.9"
33.3¢
Amoxicillin-bismuth-metronidazole
BURETTE et al. (1992) 36 14 63.0°
95.0"
SEPPALA et al. (1992) 93 14 84.0
RAUTELIN et al, (1992) 86 14 91.0
Amoxicillin-bismuth-tinidazole
Biancui Porro et al. (1993) 17 14 83.0
Di Narour et al. (1992) 50 10 69.0
Omeprazole-tetracycline-metronidazole
McCarTHY et al, (1993) 43 7 58.0
Omeprazole-amoxicillin-metronidazole
BELL et al. (1992) 127 14 96.4"
75.0°
Omeprazole-clarithromycin-tinidazole
Bazzow et al. (1994) 65 7 95.0
Omeprazole-clarithromycin-metronidazole
Lagenz et al. (1994) 80 7 95.0
Tetracycline-bismuth-amoxicillin
GraHAM et al. (1993) 16 14 43.0
Amoxicillin-furazolidone-metronidazole
CoELHO et al. (1992) 47 5 75.0
Omeprazole-clarithromycin-amoxicillin
L et al. (1996) 787 7 96.0

* Owverall eradication.
® Metronidazole-sensitive strains,
“Metronidazole-resistant strains.

adults and children. However, it is important to understand that at most institu-
tions, antibiotic sensitivity testing of H. pylori strains is unavailable; therefore,
current recommendations suggest triple therapy as a logical practical first choice for
H. pylori eradication (BLANCO et al. 1988).

Another difficulty in devising an optimal treatment for the eradication of
H. pylori infection is the acquisition of resistance. H., pylori appears to easily ac-
quire resistance to certain antimicrobial drugs, such as imidazole derivatives
(Goopwin et al. 1988), quinolones (Grupczynski et al. 1987; StonE et al. 1988),
and erythromycin (MARSHALL 1993). Therefore these drugs should no longer be
used as monotherapy. This is of special importance in certain underdeveloped areas
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with a high prevalence of H. pylori infection, where these drugs are frequently used
for many other conditions and H. pylori strains have been shown to develop in-
creasing resistance (EHPSG 1992).

Adverse effects are primarily caused by antibiotics, not acid-suppressing
agents, employed in the anti-H. pylori therapy regimens (MARSHALL et al. 1988).
Despite the increased success at H. pylori eradication, triple therapy combinations
of a bismuth compound, metronidazole, and either amoxicillin or tetracycline
produce an increased risk of adverse reactions (Axon et al. 1991; Rauws et al.
1990). Adverse reactions in turn lead to noncompliance, which results in treatment
failure and/or antibiotic resistance. The most commonly reported reactions are
gastrointestinal complaints that may lead to discontinuation of therapy. The risk of
commonly reported adverse reactions to the antibiotics explains the reluctance by
s0 many practitioners to use triple therapy despite the well-documented long-term
effect on ulcer healing (MALFERTHEIMER et al. 1993). In therapeutic trials for du-
odenal ulcer disease the use of a single antibiotic (e.g., tinidazole) combined with a
bismuth compound cause adverse events in up to 16% of patients (MARSHALL et al.
1988). Triple therapy, however, increases the incidence of adverse events (RAUWS
etal. 1990; GrRaHAM et al. 1992), with up to 21% of study patients withdrawing from
treatment (RAuws et al. 1990). Bismuth compounds may also cause adverse reac-
tions, although less commonly than antibiotics (MALFERTHEIMER et al. 1993).
Bismuth toxicity with compounds such as bismuth subsalicylate and colloidal
bismuth subcitrate is rare and can be avoided by proper use; intake limited to a
period of no more than 4 weeks, and no treatment in the presence of renal insuf-
ficiency (MALFERTHEIMER et al. 1993).

Patient compliance in taking prescribed medications depends on a number of
factors. Numerous studies have listed the following as being of primary importance
in the determination of compliance: severity of symptoms, number and quantity of
drugs taken, duration of treatment, complexity of the treatment regimen, and drug-
related adverse effects are of crucial importance (MALFERTHEIMER et al. 1993). Thus
patient compliance can be a significant problem with triple therapy. GRAHAM et al.
(1992), demonstrated lack of compliance as the main cause for eradication failure
by triple therapeutic regimens. In this study, age, gender, type of gastrointestinal
disease, duration of therapy, and the amount of bismuth had no effect on the
eradication rate. However, H. pylori was eradicated in 96% of the patients who
took more than 60% of the prescribed medication, and only in 69% of the patients
who took less than 60% of the drugs.

In addition, compliance may be significantly reduced by the rapid resolution of
abdominal pain, as a consequence of antiulcer therapy (MALFERTHEIMER et al.
1993). The patients discontinue the prescribed medications when symptoms dis-
appear, thereby not completing the treatment course and potentially failing to clear
or eradicate their H. pylori. Since compliance seems to be a major factor in the
successful treatment of H. pylori infection, it is of no surprise that longer courses of
therapy do not seem to offer any advantage over treatments of short duration. Tt
may be suggested that good compliance for 7 days is better than mediocre com-
pliance for 14 days or longer. For this reason, several investigators have tried to
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eradicate H. pylori with short courses of combination therapy, even attempting

single-day therapy (Tucci et al. 1993). However, to date, the optimal duration of

therapy has still not been determined.

6.3 Vaccines

The most promising treatment and possible prevention of H. pylori infection and its
significant gastroduodenal disease sequelae lic in the development of an efficacious
vaccine. Given the long-term risk of gastric cancer associated with H. pylori in-
fection and the varied rates of eradication with antimicrobial regimens, a vacci-
nation approach to prevent the late and life-threatening manifestations of H. pylori
infection should be considered. Extensive efforts in many laboratories are currently
underway worldwide. Prophylaxis by vaccination seems essential since host natural
immunity is inadequate to clear this infection despite a seemingly vigorous local
and systemic immune response (WyATT et al. 1988).

It has been shown in many studies that host natural immunity is inadequate to
clear this infection despite a seemingly vigorous local and systemic immune re-
sponse (WyATT et al. 1988; Jaskiewicz et al. 1993). Recently Czinn and colleagues
(1993) and CueN et al. (1993) demonstrated in a mouse model that oral immuni-
zation with a crude lysate of H. felis induces protection against gastric infection by
H. pylori and associated this protection with high concentrations of secretory IgA
antibodies. Further studies have shown that gastric infection in a mouse model
infected with H. pylori can be prevented by the administration of a recombinant
urease oral vaccine with E. coli heat-labile toxin given as adjuvant (MARCHETTI et al.
1995).

Preliminary studies have shown that cats can be infected by H. pylori (WANG
et al. 1994). This observation raises the possibility that this animal may be used as a
model to test vaccines. Moreover, other animal models such as the cat (LEE et al.
1988) and the ferret (Fox et al. 1986), which have their own naturally occurring
Helicobacter infection, may prove useful for further vaccine development.

NEeGRINI and colleagues (1994) demonstrated the presence of antibodies that
cross-reacted with the gastric mucosa as a result of human . pylori infection.
There was also a heterogeneity in these cross-reactive humoral responses. These
authors found that strains from patients with atrophic gastritis induce more cross-
reactive responses in mice than strains from patients with mild gastritis. These
results underscore the need to identify the optimal H. pylori antigens in order to
design an effective vaccine which will not induce a cross-reactive immune response.

Finally, in addition, the initial steps of vaccine development showed that
prophylactic immunization is possible, and it now appears that a vaccine is capable
of serving as treatment of active H. pylori infection and gastritis in animal models
(CorTHESY-THEULAZ et al. 1995; DoIDGE et al. 1994). Time will tell to what extent
this possibility of preventing and treating major gastroduodenal diseases associated
with H. pylori is realistic.

Pediatric J

References

Abdalla SFM, Pg
biochemical te
Anderson LP, Cral
10:26-29
Ashorn M (1995)
27:617-620
Ashorn M, Miet
Helicobacter p
Atherton JC, Cao
cytotoxin allel
peptic ulceratic
Atherton JC, Peek
heterogeneity |
112:92-99 |
Axon ATR (1991)
6:131-137 |
Banatvala NYA, C
Helicobacter p)
Bayerdérffer E, Sit
duodenal ulcer
Bayerdérfler E, N
patients by /.
Bazzoli F, Zagari
term, low dose
104:A40
Bazzoli F, Zagari |
Helicobacter py
Bell GD, Powell K
side effects pro
four alternative
Bianchi Porro G,
positive resista
sucralfate along
Bickley J, Owen R,
detecting the ur
Microbiol 39:33
Blanco M, Pajares
pylori. Scand J
Blaser MJ (1992) £
Blaser MJ (1995) Iy
Med 27:559-561
Blaser MJ (1997)
349:1020-1022
Blaser MJ, Chyou
gastric carcinon
Blecker U, Gold B
16:391-399
Blecker U, Mehta D
Gastroenterol 89
Borody TJ, Brandl
dose triple therag
38
Borody TJ, Brandl
failure — further




ing
1 of

[ its
ous
in-
oCi-
lori
1ty
ral
cal

Lo

LIES

ni-

Pediatric Helicobacter pylori Infection: Clinical Manifestations, Diagnosis, and Therapy

References

Abdalla SFM, Perez RM (1989) Rapid detection of Campylobacter pylori colonization by a simple
biochemical test. J Clin Microbiol 27:2604-2605

Anderson LP, Crabstree J1 (1994) Immunological aspects of Helicobacter pylori. Curr Opin Gastroenterol
10:26-29

Ashorn M (1995) What are the specific features o Helicobacter pylori gastritis in children. Ann Med
27:617-620

Ashorn M, Miettinen A, Ruuska T, Laippala P, Maki M (1996) Seroepidemiological study of
Helicobacter pylori infection in infancy. Arch Dis Child Fetal Neonatal Edn 74:141-142

Atherton JC, Cao P, Peek JRM, Tummuru KR, Blaser MJ, Cover TL (1995) Mosaicism in vacuolating
cytotoxin alleles of Helicobacter pylori. Association of vacA types with cytotoxin production and
peptic ulceration. J Biol Chem 270:17771-17777

Atherton JC, Peek JCR, Tham KT, Cover TL, Blaser MJ (1997) Clinical and pathological importance of
heterogeneity in vacA, the vacuolating cytotoxin gene of Helicobacter pylori. Gastroenterology
112:92-99

Axon ATR (1991) Helicobacter pylori therapy: effect on peptic ulcer disease. J Gastroenterol Hepatol
6:131-137

Banatvala NYA, Clements L, Herbert A, Davies J, Bagg J, Shephard JP, Feldman RA, Hardie JM (1995)
Helicobacter pylori infection in dentists: a case-control study, Scand J Infect Dis 27:149-151

Bayerdorffer E, Simon T, Biistlein C, Ottenjann R, Kasper G (1987) Bismuth/ofloxacin combination for
duodenal uleer (letter). Lancet 2:1467-1468

Bayerdérffer E, Neubauer A, Eidt S et al (1994) Double-blind treatment of early gastric malt-lymphoma
patients by H. pylori eradication (abstract). Gastroenterology 106:370

Bazzoli F, Zagari RM, Fossi S, Pozzato P, Roda A, Roda E (1993) Efficacy and tolerability of a short
term, low dose triple therapy for eradication of Helicobacter pylori (abstract). Gastroenterology
104:A40

Bazzoli F, Zagari RM, Fossi S et al (1994) Short-term, low dose triple therapy for eradication of
Helicobacter pylori. Eur ] Gastroenterol Hepatol 6:773-777

Bell G, Powell KV, Burridge SM, Bowden AN et al. (1993) Helicobactor pylori eradication. Efficacy and
side effects profile of a combination of Omeprazole, amoxicillin and metronidazole compared with
four alternative regimens. Quarterly I Med 86:743-750

Bianchi Porro G, Parente F, Lazzaroni M (1993) Short and long term outcome of Helicobacter pylori
positive resistant duodenal ulcers treated with colloidal bismuth subcitrate plus antibiotics or
sucralfate alone. Gut 34:466-469

Bickley J, Owen RIJ, Fraser Al, Pounder RE (1993) Evaluation of the polymerase chain reaction for
detecting the urease C gene of Helicobacter pylori in gastric biopsy samples and dental plaque. J Med
Microbiol 39:338-344

Blanco M, Pajares JM, Jimenez ML, Lopez-Brea M (1988) Effect of acid inhibition on Campylobacter
pylori. Scand J Gastroenterol Suppl 142:107-109

Blaser M1I (1992) Helicobacter pylori: its role in gastroduodenal disease. Clin Infect 15:386-393

Blaser MJ (1995) Intrastrain differences in Helicobacter pylori: a key question in mucosal damage? Ann
Med 27:559-563

Blaser MJ (1997) Not all Helicobacter pylori strains are created equal: should all be eliminated? Lancet
349:1020-1022

Blaser MJ, Chyou PH, Normura A (1995) Age at establishment of Helicobacter pylori infection and
gastric carcinoma, gastric ulcer and duodenal ulcer risk. Cancer Res 55:562-565

Blecker U, Gold BD (1997) Treatment of Helicobacter pylori infection: a review. Pediatr Infect Dis J
16:391-399

Blecker U, Mehta DI, Vandenplas Y (1994) Sex-ratio of Helicobacter pylori infection in childhood. Am J
Gastroenterol 89:293

Borody TJ, Brandl S, Andrews P, Ferch N, Jankiewicz E, Hyland L (1994) Use of high efficacy, lower
dose triple therapy to reduce side effects of eradicating Helicobacter pylori. Am J Gastroenterol §9:33
38

Boredy TJ, Brandl S, Andrews P, Jankiewicz E, Ostapowicz N (1992) Helicobacter pylori eradication
failure — further treatment possibilities (abstract). Gastroenterology 102:A43




94 B.D. Gold

Bourke B, Jones N, Sherman P (1996) Helicobacter pylori infection and peptic ulcer disease in children.
Pediatr Infect Dis J 15:1-13

Brooks 1J, Enterline HT (1983) Primary gastric lymphomas: a clinicopathologic study of 58 cases with
long-term follow-up and literature review. Cancer 51:701-711

Bujanover Y, Konikoff F, Baratz M (1990) Nodular gastritis and Helicobacter pylori. J Pediatr Gas-
troenterol Nutr 11:41-44

Burette A, Glupcyznski Y, Deprez C (1992) Two weeks triple therapy overcomes metronidazole re-
sistance: results of a randomized double blind study. Gastroenterology 102:A46

Cadranel S, Goossens H, De Boeck M, Malengreau A, Rodesch P, Butzler IP (1986) Campylobacter
pyloridis in children. Lancet 1:735-736

Censini S, Lange C, Xiang ZY, Crabtree JE, Ghiara P, Borodovsky M, Rappuoli R, Covacci A (1996)
cag, a pathogenicity island of Helicobacter pylori, encodes type I-specific and disease-associated
virulence factors. Proc Natl Acad Sci USA 93:14648-14653

Chan JKC, CS NG, Isaacson PG (1990) Relationship between high-grade lymphoma and low-grade
B-cell mucosa associated lymphoid tissue lymphoma (MALToma) of the stomach. Am J Pathol
136:1153-1164

Chan WY, Hui PK, Leung KM, Chow J, Kwok F, Ng CS (1994) Coocoid forms of Helicobacter pyloriin
the human stomach. Clin Mieribiol Infect Dis 102:503-507

Chen MH, Lee A, Hazell S, Hu PJ, Li YY (1993) Immunisation against gastric infection with
Helicobacter species — first step in the prophylaxis of gastric cancer? Int J Microbiol Virol Parasitol
Infect Dis 280:155-165

Chong SK, Lou Q, Asnicar MA, Zimmerman SE, Croffiec JM, Lee CH (1995) Helicohacter pylori in-
fection in recurrent abdominal pain in childhood: comparison of diagnostic tests and therapy. Pe-
diatrics 96:211-215

Chong SKF, Lou QY, Tolia V, Rosenberg AJ, Rabinowitz S, Elitsur Y, Gold B, Peacock JS (1997) A
preliminary report on a multi-site investigation of seropositivity for Helicobacter pylori in children of
the US. Gastroenterology 112(4):A89

Chow TKF, Lambert JR, Wahlqvist ML, Hsu-Hage BHH (1995) Helicobacter pylori in Melbourne
Chinese immigrants: evidence for oral-oral transmission via chopsticks. J Gastroenterol Hepatol
10:562-569

Coelho LGV, Passos MCF, Chausson Y, Viera WIS, et al. (1992) One week $12.00 therapy heals
duodenal ulcer and eradicates H. pylori, Gastroenterology 102:A51

Correa P, Fox J, Fontham E, Ruiz B, Lin YP, Zavala D, Taylor N, Mackinley D, de Lima E, Portilla H
etal (1990) Helicobacter pylori and gastric carcinoma: Serum antibody prevalence in populations with
contrasting cancer risks. Cancer 66:2569-2574

Correa P, Haenszell W, Cuello C, Zavala D, Fontham G, Tannenbaum S, Collazos T, Ruiz B (1990)
Gastric precancerous process in a high risk population: Cohort follow-up. Cancer Res 50:4737-4740

Correa P (1995) Helicobacter pylori and gastric carcinogenesis. Am J Surg Pathol 19:537-843

Corthésy-Theulaz 1, Porta N, Glauser M, Saraga E, Vaney AC, Haas R, Krachenbuhl JP, Blum AL,
Michetti P (1995) Oral immunization with Helicobacter pylori urease B subunit as a treatment a gainst
Helicobacter pylori infection in mice. Gastroenterology 109:115-121

Corthesy-Theulaz I, Ferrero RL (1996) Vaccines. Clin Opin Gastroenterol 12:41-44

Cutler AF, Havstad S, Ma CK, Blaser M1, Perez-Perez GI, Schubert TT (1995) Accuracy of invasive and
noninvasive tests to diagnose Helicobacter pylori infection. Gastroen terology 109:136-141

Czinn S, Dahms B, Jacobs G, Kaplan B, Rothstein F (1986) Campylobacter-like organisms in association
with symptomatic gastritis in children. J Pediatr 109:80-83

Czinn 8J, Carr HS (1987) Rapid diagnosis of Campylobacter pyloridis associated gastritis. J Pediatr
110:569-570

Czinn 8J, Nedrud JG (1991) Oral immunization against Helicobacter pylori. Infect Immun 59:2359-2363

Czinn 8J, Cai A, Nedrud JG (1993) Protection of germ-free mice from infection by Helicobacter felis after
active oral or passive [gA immunization. Vaceine 11:637-642

Debognie JC, Pauwels §, Raat A, de Meeus Y, Haot J, Mainguet P (1991) Quantification of Helicobacter
pylori infection in gastritis and ulcer disease using a simple and rapid carbon-14 urea breath test.
J Nucl Med 32:1192-1198

Defize J, Meuwissen SG (1987) Pepsinogens: an update of biochemical, physiological, and clinical aspects.
J Pediatr Gastroenterol Nutr 6:493-508

Dekigai H, Murakami M, Kita T (1995) Mechanism of Helicobacter pylori associated gastric mucosa
injury. Dig Dis Sci 40:1332-1339

Pediatric #,

Di Napoli A, Petrig
chronic gastritis
Dixon MF, Genta |
Histopathology
Sydney system.
Doglioni C, Wothe
gastric lymphor
Doidge C, Gust [
Helicobacter py
Dooley CP, Cohen |
Drumm B (1993) A
Drumm B. PS, Cut;
antral gastritis |
Drumm BD, Rhos
children: etiolog
Drumm B, l’ercz_—l’ﬂ
infection. N En
Drumm B, Gormal
PR, Hamilton J
and manageme
Eastham EJ (1991)
(eds) Pediatric g
Toronto, pp 434
Elta GH, Appelma
endoscopic and
El-Zaatari FA, Wo
Failure to isolﬂ

anthroponosis
El-Zimaity HMT, j
Helicobacter py
90:1962-1964
Enroth H, Engstran
in water and st
European Helicoba
Helicobacter py
European Study G
survey in 199]
Fennerty MB (199
S120-8125
Figura N, Tabaqch
Figura N, Guglielm
Cytotoxin prod
from patients w
Forman D, Sitas F,
Geographic asso
Cancer 46:608-6
Forman D, Newell
between infectio)
investigation. B:
Fox JG, Blanco MC
isolation of Heli
Fox JG, Correa P,
associated gastri
enterology 99:35
Fox JG, Correa P,
(1989) Campylo
risk of gastric c:
Fox IG, Edrise BM
ganisms isolated




=11

ith

A5-

in

ith
tol

in-

tol

als

ith

)0)
40

on
alr

63
ter

ler
5t

Pediatric Helicobacter pylori Infection: Clinical Manifestations, Diagnosis, and Therapy 95

Di Napoli A, Petrino R, Bocro M, Bellis M et al. (1992) Quantitative assessment of histologic changes in
chronic gastritis alter eradication of Helicobacter pylori. J Clin Pathol 45:796-798

Dixon MF, Genta RM, Yardley JH, Correa P and the participants of the International Workshop on the
Histopathology of gastritis, Houston, 1994 (1996) Classification and grading of gastritis: the updated
Sydney system. Am J Surg Pathol 20:1161-1181

Doglioni C, Wotherspoon AC, Moschini A, de Boni M, [saacson PG (1992) High incidence of primary
gastric lymphoma in northeastern Italy. Lancet 339:834-835

Doidge C, Gust I, Lee A, Buck F, Hazell S, Manne U (1994) Therapeutic immunization against
Helicobacter pylori infection (letter). Lancet 343:914-915

Dooley CP, Cohen H (1988) The clinical significance of Campylobacter pylori. Ann Intern Med 108:70-79

Drumm B (1993) Helicobacter pylori in the pediatric patient. Gastroenterol Clin North Am 22:169-182

Drumm B. PS, Cutz E, Karmali M (1987) Association of Campylobacter pylori on the gastric mucosa with
antral gastritis in children. N Engl J Med 316:1557-1561

Drumm BD, Rhoades JM, Stringer DA, Sherman PM, Ellis LE, Durie PR (1988) Peptic ulcer disease in
children: etiology, clinical findings, and clinical course. Pediatrics 82:410-414

Drumm B, Perez-Perez Gl, Blaser MJ, Sherman PM (1990) Intrafamilial clustering of Helicobacter pylori
infection. N Engl J Med 322:359-363

Drumm B, Gormally S, Sherman PM (1996) Gastritis and peptic ulcer disease. In; Walker AW, Durie
PR, Hamilton JR, Walker-Smith J (eds) Pediatric gastrointestinal disease: pathophysiology, diagnosis
and management, vol 1. Decker, St Louis, pp 506-518

Eastham EJ (1991) Peptic ulcer. In: Walker WA, Durie PR, Hamilton JR, Walker-Smith JA, Watkins JB
(eds) Pediatric gastrointestinal disease: pathophysiology, diagnosis and management, vol 1. Decker,
Toronto, pp 438451

Elta GH, Appelman HD, Behler EM, Wilson JA, Nostrant TJ (1987) A study of the correlation between
endoscopic and histological diagnoses in gastroduodenitis. Am I Gastroenterol 82:749-753

El-Zaatari FA, Woo IS, Badr A, Osato MS, Serna H, Lichtenberger LM, Genta RM, Graham DY (1997)
Failure to isolate Helicobacter pylori from stray cats indicates that H pylori in cats may be an
anthroponosis — an animal infection with a human pathogen. J Med Microbiol 46:372-376

El-Zimaity HMT, Al-Assi MR, Genta RM, Graham DY (1995) Confirmation of successful therapy of
Helicobacter pylori infection: number and site of biopsies or a rapid urease test. Am J Gastroenterol
90:1962-1964

Enroth H, Engstrand L (1995) Immunomagnetic separation and PCR for detection of Helicobacter pylori
in water and stool specimens. J Clin Microbiol 33:2162-2165

European Helicobacter pylori study group (1997) Current European concepts in the management of
Helicobacter pylori infection. The Maastricht consensus report. Gut 41:8-13

European Study Group on Antibiotic Susceptibility of Helicobacter pylori (1992) Results of a multicentre
survey in 1991 of metronidazole resistance in Helicobacter pylori. Eur J Clin Microbiol 11:777-781

Fennerty MB (1997) What are the treatment goals for Helicobacter pylori? Gastroenterology 113:
S120-S125

Figura N, Tabaqchali S (1996) Bactertial pathogenic factors. Curr Opin Gastroenterol 12:11-15

Figura N, Guglielmetti P, Rossolini A, Barberi A, Cusi G, Musmanno RA, Russi M, Quaranta S (1989)
Cytotoxin production by Campylobacter pylori strains isolated from patients with peptic ulcers and
from patients with chronic gastritis only. J Clin Microbiol 27:225-226

Forman D, Sitas F, Newell DG, Stacey AR, Boreham J, Peto R, Campbell TC, Li J, Chen 1 (1990)
Geographic association of Helicobacter pylori antibody prevalence and gastric cancer mortality. Int J
Cancer 46:608-611

Forman D, Newell DG, Fullerton F, Yarnell JW, Stacey AR, Wald N, Sitas F (1991) Association
between infection with Helicobacter pylori and risk of gastric cancer: evidence from a prospective
investigation. Br Med J 302:1302-1305

Fox JG, Blanco MC, Yan L, Shames B, Polidoro D, Dewhirst FE, Paster BJ (1993) Role of gastric pH in
isolation of Helicobacter mustelae from the feces of ferrets. Gastroenterology 104:86-92

Fox JG, Correa P, Taylor NS, Lee A, Otto G, Murphy JC, Rose R (1990) Helicobacter musielae-
associated gastritis in ferrets. An animal model of Helicobacter pylori gastritis in humans. Gastro-
enterology 99:352-362

Fox ]G, Correa P, Taylor NS, Zavala D, Foutham E, Janney F, Rodriguez E, Hunter F, Diavoltsis S
(1989) Campylobacter pylori-associated gastritis and immune response in a population at increased
risk of gastric carcinoma. Am J Gastroenterol 84:775-781

Fox JG, Edrise BM, Cabot EB, Beaucage C, Murphy JC, Prostak KS (1986) Campylobacter-like or-

ganisms isolated from gastric mucose of ferrets. Am J Vet Res 47:236-239




96 B.D. Gold

Fox 1G (1995) Non-human reservoirs of Helicobacter pylori. Aliment Pharmacol Ther 9:93-103

Fox JG, Li X, Yan L, Cahill RJ, Hurley R, Lewis R, Murphy JC (1996) Chronic proliferative hepatitis in
A/ICr mice associated with persistent Helicobacter hepaticus infection: a model of Helicobacter-
induced carcinogenesis. Infect Immun 64:1548-1558

Friedman CR, Quick R, Khanna B, Salcido A, Tihoshi N, Gironaz M, Ganzales O, Hutwagner L, Tauxe
R, Mintz E, Gold BD (1997) Epidemiology of Helicobacter pyiori infection in rural Bolivian children.
I Pediatr Gastro Nutr 25(4):466

Glupczynski Y, Labbe M, Burette A, Deltenre M, Avesani V, Bruck C (1987) Treatment failure of

Ofloxacin in Campylobacter pylori infection. Lancet 1:1096

Go MF, Lew GM, Lichtenberger LM, Genta RM, Graham DY (1993) Gastric mucosal hydrophobicity
and Helicobacter pylori: response to antimicrobial thera py. Am J Gastroenterol 88:1362-1365

Gold BD (1996) Helicobacter pylori infection and peptic ulcer disease. Semin Pediatr Infect Dis 7:
265-271

Gold BD, Islur P, Policova Z, Czinn S, Neumann AW, Sherman PM (1996) Surface properties of

Helicobacter mustelae and ferret gastrointestinal mucosa. Clin Invest Med 19:92-100

Goodman KJ, Correa P (1995) The transmission of Helicobacter pylori: a critical review of the evidence.
Int I Epidemiol 24:875-887

Goodwin CS, Marshall B, Blincow ED, Wilson DH, Blackbourn 8, Phillips M (1988) Prevention of
nitroimidazole resistance in Campylobacter pylori by coadministration of colloidal bismuth subcitrate:
clinical and in vitro studies. J Clin Pathol 41:207-210

Goodwin CS, Armstrong JA, Chilvers T, Peters M, Collins MD, Sly L, McConnell, W, Harper WES
(1989) Transfer of Campylobacter pylori and Campylobacter mustelac to Helicobacter gen. nov. as
Helicobacter pylori comb. nov. and Helicobacter mustelae comb. nov., respectively, Int J Syst Bac-
teriol 39:397-405

Gotschlich EC (1983) Thoughts on the evolution of strategies used by bacteria for evasion of host
defenses. Rev Infect Dis 5:8778-S783

Graham DY, Klein PD, Evans DJ Jr, Graham DY, Klein PD, Evans DY, Alpert LC, Opekum AR,
Boutton TW (1987) Campylobacter pylori detected noninvasively by the “C-urea breath test. Lancet
1:1174-1177

Graham DY, Klein PD, Opekun AR, Smith KE, Polasani RR, Evans DJ Jr, Fvans DG, Alpert LC,
Michaletz PA, Yoshimura HH, Adam E (1989) In vivo susceptibility of Campylobacter pylori. Am ]
Gastroenterol 84:233-238

Graham DY, Lew GM, Malaty HM, Evans DG, Evans DJ, Klein PD, Alpert LC, Genta RM (1992)
Factors influencing the eradication of Helicobacter pylori with triple therapy. Gastroenterology
102:493-496

Graham DY, Lew GM, Ramirez FC, Genta RM, Klein PD, Malaty HM (1993) Short report: a non-
metronidazole trriple therapy for eradication of Helicobacter pylori infection — tetracycline, amoxi-
cillin, bismuth. Alim Pharmacol Ther 7:111-113

Greiner A, Marx A, Schausser B, Muller-Hermelink HK (1994) The pivotal role of the immunoglobulin
receptor of tumor cells from B-cell lymphomas of mucosa associated lymphoid tissue (MALT). Adv
Exp Med Biol 355:189-193

Grubel P, Hoffman JS, Chong FK, Burstein NA, Mepani C, Cave DR (1997) Veclor potential of
Houseflies (Musca domestica) for Helicobacter pylori. I Clin Microbiol 35:1300-1303

Haenszel W, Kurihara M, Segi M, Lee RK (1972) Stomach cancer among Japanese in Hawaii, J Natl
Cancer Inst 49:969-988

Handt LK, Fox IG, Dewhirst FE, Fraser GJ, Paster BJ, Yan LL, Rozmiarek H, Rufo R, Stalis [H (1994)
Helicobacter pylori isolated from the domestic cat: public health implications. Infect Immun 62:
2367-2374

Handt LK, Fox JG, Stalis IH, Rufo R, Lee G, Linn J, Li X, Kleanthous H (1995) Characterization of
feline Helicobacter pylori strains and associated gastritis in a colony of domestic cats. J Clin Microbiol
33:2280-2289

Hazell SL, Lee A (1986) Campylobacter pylori, urease, hyd rogen ion back diffusion, and gastric ulcers.
Lancet 2:15-17

Henze E, Malfertheiner P, Clausen M, Burkhardt H, Adam WE (1990) Validation of a simplified carbon-
14-urea breath test for routine use for detecting Helicobacter pylori noninvasively. J Nuel Med
31:1940-1944

Hill R, Pearman J, Worthy P, Caruso V, Goodwin S, Blincow E (1986) Campylobacter pyloridis and
gastritis in children. Lancet 1:387

Pediatric #

Hirschowitz BI (]
Gastroentero] |
Hosking SW, Ling
by eradication |
343:508-510
Howden CW (19
Helicobacter py
Hunt R, Thompso
12:31-41
Hussel T, Isaacson
lymphomas of
[saacson PG, Sper
thology 11:445;
Isaacson PG, Wrig
tinctive type of
[saacson PG, Wotl
mucosa-associal
Isenberg J1, Selling
secretion in pat
[ser JH, Buttigieg R
pylori in patien|
Jackson RH (1972)
Jaskiewicz K, Lou
patients underg
Joly DJ (1977) Rel
Panam 83:330-
Karita M, Tsuda M
colonisation stu
Khanna B, Cutler
serology tests td
Kilbridge PM, Dalj
disease in childr
Klein PD, Graham
pylori infection |
Kooistra-Smid AMJ
chain reaction
31:1918-1920
Kosunen TU, Sepps
antibody titres 4
Kurata JH, Haile B
Kurata JH, Nogaw
antiinflammator]
Labenz I, Stolte M, ;
triple therapy fo
Lansdown M, Quirk
mucosa: a marki
Lee A, Hazell SL,
stomach. Infect |
Lee A (1995) Helice
27:575-582 |
Lee J, O'Morain €
Helicobacter p_\‘fd
Leunk RD, Johnsor
filtrates of Campl
Lichtenberger LM, H
of the gastric muy
I Gastroenterol
Lind T, Veldhuyzen
Bradette M, Chi



Litis in
acter-

Fauxe
ldren.

re of
hicity
s 7:
s of
nee.

n of
rate:

VES
. a8
dac-

105t

\R,
icet

gy

n-
Xi-
in
1v

Pediatric Helicobacter pylori Infection: Clinjcal Manifestations, Diagnosis, and Therapy 97

Hirschowitz BI (1996) Zollinger-Ellison syndrome:
Gastroenterol 92 [Suppl 4]:445-85
Hosking Sw, Ling TK, Chung SC, Yung MY, Cheng AF, Sung 17, Li AK

(1994) Duodenal uleer healing
by eradication of Helicobacter pylori withou anti-acid treatment: randomised controlled trial, Lancet
343:508-510

Howden Cw (1997) For what conditions is there evidence-hased justification for treatment of
Helicobacter pylori infection? Gastroenterology 113:5] 07-S112
Hunt R, Thompson BR (1998) Canadian Helicobacter pylori Consensus Conference. Ca n J Gastroenterol
12:31-41
Hussel T, Isaacson PG, Crabtree JE, Spencer J (1993) The response of cells from low-grade B-cell gastric
lymphomas of mucosa-associated lymphoid tissue to Helicobacter pyiori. Lancet 342:571-574
Isaacson PG, Spencer J (1987) Malignant lymphoma of Mmucosa-associated lymphoid tissye. Histopa-
thology 11:445-462
Isaacson PG, Wright DH (1983) Malignant lymphoma of mucosa-associated lymphoid tissue, A dis-
tinctive type of B-cell lymphoma. Cancer 52:1410-1416
Isaacson PG, Wotherspoon AC, Diss T, Pan LX (1991) Follicular colonization in B-cell lymphoma of
mucosa-associated lymphoid tissue. Am J Surg Pathol 15:819-828
Isenberg JI, Selling JA, Hogan DL, Koss MA (1987) Impaired proximal duodenal mucosal bicarbonate
secretion in patients with duodenal ulcer, N Engl ] Med 316:374-379
Iser JH, Buttigieg RJ, Iseli A (1994) Low dose, short dura tion therapy for the eradication of Helicobacter
prlori in patients with duodenal ulcer, Med J Aust 160:192-194
Jackson RH (1972) Genetic studies of peptic ulcers disease in children. Paediatr Scand 61 :493-494
Taskiewicz K, Louw JA, Marks IN (1993) Local cellular and immune response by antral mucosa in
patients undergoing treatment for eradication of Helicobacier pylori. Dig Dis Sci 38:937-943
Joly DJ (1977) Resources for the control of cancer in Latin America: preliminary survey. Bol Sanit
Panam 83:330-345
Karita M, Tsuda M, Nakazawa T (1995) Essential role of urease in vitro
colonisation study using a wild-type and isogenic mutant strain,
Khanna B, Cutler A, Perry M, Lastovica A, Gold BD
serology tests to detect Helicobacter pylori infection in
Kilbridge PM, Dahms BB, Czinn SJ (1988) Campylobacte
disease in children. Am J Dis Child 142:1149-1152
Klein PD, Graham DY, Opekun AR, O’'Brian-Smith E (1991) Water as
prlori infection in Peruvian children. Lancet 337:1503-1506
Kooistra-Smid AM, Schirm I, Snijder JA (1993) Sensitivity of culture compared

with that of polymerase
chain reaction for detection of Helicobacter priori from antral biopsy samples. J Clin Microbiol
31:1918-1920

pathogenesis, diagnosis and management. Am J

and in vivo Heficobacter pylori
J Clin Gastroenterol 21:8160-8163
(1997) Sensitivity of commercially available
children. Gastroenterology 112:A172

r pylori associated gastritis and peptic uleer

a risk factor for Helicobacter

Kosunen TU, Seppala K, Sarna S, Sipponen P (1992) Diagnostic value of decres
antibody titres after eradication of Helicobacter pylori. Lancet 339:893 895

Kurata JH, Haile BM (1984) Epidemiology of peplic uleer disease, Clin Gastroenterol 13:289-307

Kurata JH, Nogawa AN (1997) Meta-analysis of risk factors for peptic ulcer disease: nonsteroidal
antiinflammatory drugs, Helicobacter Pylori, and smoking, J Clin Gastroenterol 24:2-17

Labenz J, Stolte M, Riihl GH, Becker T, Tillenburg B, Sollbohmer, Bérsch G (1994) One week low dose
triple therapy for cure of Helicobacter pylori. Eur J Gastroenterol Hepatol 7:9-1]

Lansdown M, Quirke P, Dixon MF, Axon AT, Johnston D (1990) High grade dyspl
mucosa: a marker for gastric carcinoma, Gut 31:977-983

Lee A, Hazell SL. O'Rourke J, Kouprach § (1
stomach. Infect Immun 56:2843-2850

Lee A (1995) Helicobacter infections in laboratory animals: a model for gastric neoplasia. Ann Medj
27:575-582

Lee J, O'Morain C (1997) Consensus or confusion: a review of existing national guidelines on
Helicobacter pylori-related disease. Eur J Gastroenterol H epatol 8:537-53]

Leunk RD, Johnson PT, David BC, Kraft WG, Morgan DR (1988) Cytotoxic
filtrates of Campylobacter pylori. T Med Microbiol 26:93-99

Lichtenberger LM, Romero JJ(1994) Effect of ammoniun ion on the hydrophobic and barrier properties
of the gastric mucus gel layer: implications on the role of ammonium in . pylori induced gastritis,
I Gastroenterol Hepatol 9:813-§19

Lind T, Veldhuyzen van Zanten SJO, Unge P, Spiller R, Bayerdorffer E, O'Morain C, Bardhan KD,
Bradette M, Chiba N, Wrangstadh M, Cederberg C, Idstrom Jp (1996) Eradication of Helicobacrer

1sing IgG, IgA, and IgM

asia of the gastric

988) Isolation of a spiral-shaped bacterium from the cat

activity in broth culture




98 B.D. Gold

pylori using one-week triple therapies combining omeprazole with two antimicrobials: the MACH 1
study. Helicobacter 1:138-144
Logan RP, Gummett PA, Misiewicz JJ, Karim QN, Walker MM, Baron JH (1994a) One week’s anti-
Helicobacter pylori treatment for duodenal ulcer. Gut 35:15-18
Logan RP, Gummett PA, Schaufelberger HD, Greaves RR, Mendelson GM, Walker MM, Thomas PH,
Baron JH, Misiewicz 1] (1994b) Eradication of Helicobacter pylori with clarithromycin and ome-
prazole. Gut 35:323-326
Loof L, Adami HO, Agenas I, Gustavsson S, Nyberg A (1985) The Diagnosis and Therapy Survey
October 1978-March 1983, health care and consumption and current durg therapy in Sweden with
respect to the clinical diagnosis with gastritis. Scand J Gastroenterol [Suppl] 109:35-39
Luzza F, Maletta M, Imeneo M, Fabiano E, Doldo P, Biancone L, Pallone F (1995) Evidence against an
increased risk of Helicobacter pylori infection in dentists: a serological and salivary study. Eur J
Gastroenterol Hepatol 7:773-776
Macarthur C, Saunders N, Feldman W (1995) Helicobacter pylori, gastroduodenal disease, and recurrent
abdominal pain in children. JAMA 273:729-734
Mahony MJ, Wyatt J1, Littlewood JM (1988) Campylobacter pylori gastritis. Arch Dis Child 63:654-655
Malaty HM, Graham DY (1994) Importance of childhood socioeconomic status on the current preva-
lence of Helicobacter pylori infection. Gut 35:742-745
Malaty HM, Kim IG, Kim SD, Graham DY (1996) Prevalence of Helicobacter pylori infection in Korean
children: inverse relation to socioeconomic status despite a uniformly high prevalence in adults. Am J
Epidemiol 143:257-262
Malfertheiner P (1993) Compliance, adverse events and antibiotic resistance in Helicobacter pylori
treatment. Scand J Gastroenterol 28[Suppl 196]:34-37
Malfertheiner P, Nilius M (1993) Bismuth salts. In: Goodwin CS, Worsley B (eds) Helicobacter pylori:
biology and clinical practice. CRC Press, Boca Raton
Mapstone NP, Lynch DA, Lewis FA, Axon AT, Tompkins DS, Dixon MF, Quirke P (1993) PCR
identification of Helicobacter pylori in faeces from gastritis patients. Lancet 341:447
Marchetti M, Arico B, Burroni O, Figura N, Rappuoli R, Ghiara P (1995) Development of a mouse
model of Helicobacter pylori infection that mimics human disease. Science 267:1655
Marshall BJ (1993) Treatment strategies for Helicobacter pylori infection. Gastroenterol Clin North Am
22:183-198
Marshall BJ, Langton SR (1986) Urea hydrolysis in patients with Campylobacter pylori infection. Lancet
2:965-966
Marshall BJ, Surveyor [ (1988) Carbon-14 urea breath tests for the diagnosis of Campylobacter pylori-
associated gastritis. J Nucl Med 29:11-16
Marshall BI, Armstrong JA, McGechie DB, Glancy RJ (1985) Attempts to fulfill Koch’s postulates for
pyloric Campylobacter, Med J Aust 142:436-439
Marshall BJ, Goodwin CS, Warren JR, Murray R, Blincow ED, Blackbourn SJ, Phillips M, Waters TE,
Sanderson CR (1988) Prospective double-blind trial of duodenal ulcer relapse after eradication of
Campylobacter pylori. Lancet 2:1437-1442
Marshall BJ, Plankey MW, Hoffman SR, Boyd CL, Dye KR, Frierson HF, Guerrant RL, McCallum
RW (1991) A 20-minute breath test for Helicobacter pylori. Am ] Gastroenterol 86:438-445
MecCarthy CJ, Collins R, Beattie S, Hamilton H, O’Morain C (1993) Short report: treatment of
Helicobacter pylori-associated duodenal ulcer with omeprazole plus antibiotics. Alim Pharmacol Ther
7:463-466
McGowan FD, Cover TL, Blaser MJ (1996) Helicobacter pylori and gastric acid: biological and thera-
peutic implications. Gastroenterology 110:926-938
McMichael AJ, McCall MG, Hartshone JM, Woddings TL (1980) Patterns of gastro-intestinal cancer in
European migrants to Australia: the role of dietary change. Int J Cancer 25:431-437
McNulty CA, Dent JC (1988) Susceptibility of clinical isolates of Campylobacter pylori to twenty one
antimicrobial agents. Eur J Clin Microbiol 7:566-569
McQueen S, Hutton DA, Allen A, Garner A (1983) Gastric and duodenal surface mucus gel thickness in
the rat: effect of prostaglandins and damaging agents. Am J Physiol 8:388-304
Megraud F (1993) Epidemiology of Helicobacter pylori infection. Gastroenterol Clin North Am 22:73-88
Megraud F (1995) Transmission of Helicobacter pylori: faecal-oral versus oral-oral. Aliment Pharmacol
Ther 9:85-91
Mertz-Nielsen AJH, Frokiare H, Bukhave K, Rask-Madsen J (1996) Gastric bicarbonate secretion and
release of prostaglandin E2 are increased in duodenal ulcer patients but not in Helicobacter pylori
positive healthy subjects. Scand J Gastrenterol 31:38-43

Pediatric

Mitchell HM, Bol
Helicobacter p
16:120-125

Mitchell HM, L
of Helicobaete
acquisition, J |

Moayyedi P, Axq
Helicobacter p

Mobley HLT, Isla
59:451-480

Moonka D, Licht
ulcers: an unu

Murphy MS, East
110 cases. Arc

Nagita A, Amemo
intragastric pF

Negrini R, Coiesi
role in the pat

Newell DG, Ratl
Immunother I

Newell DG, Stace
Helicobacter p.

Nguyen AM, Eng
pylori in dents
T83-787

NIH Consensus I
pylori in peptic

Oderda G, Vaira |
concentrations

Oppenheimer EH,
of 146 autopsit

Osato MS, Le HI
Galslr{mmel'nld

O'Toole PW, Ka
Helicobacter

Owen RJ, Bickley
length polymo
pylori infectior

Parkin DM (1986)

Parsonnet J (1995)

Parsonnet J, Fried
Helicobacter p

Parsonnet J, Vunq
infection in int

Parsonnet J, Hans
Friedman GD
1267-1271 |

Perkins SE, Fox J
(Mustelae putc

Peterson WL (199

Prieto G, Polanco
children: clinic;

Rao S, Royal LE,
Gastroenterol

Rauws EAJ, Tytg

pylori. Lancet

Recavarren-Arce S

Spira WM (19

cancer. Scand




H 1

nti-

Tic-

vey
iith

an
r ]

cnt

h55
va-

-an
mJ

fori

ari:

lse
\m
cet
i
for

'E,

11

of
her

r-
- in
Mg

- in

col

nd
ori

Pediatric Helicobaeter pylori Infection: Clinical Manifestations, Diagnosis, and Therapy 99

Mitchell HM, Bohane TD, Tobias V, Bullpitt P, Daskalopoulos G, Carrick J, Mitchell JD, Lee A (1993)
Helicobacter pylori infection in children: potential clues to pathogenesis. J Pediatr Gastroenterol Nutr
16:120-125

Mitchell HM, Li YY, Hu PJ, Liu Q, Chen M, Du GG, Wang ZJ, Lee A, Hazell SJ (1992) Epidemiology
of Helicobacter pylori in southern China: identification of early childhood as the critical period for
acquisition. J Infect Dis 166:149-153

Moayyedi P, Axon ATR (1994) Efficacy of a new one week triple therapy regime in eradicating
Helicobacter pylori. Gut 35[Suppl]:F248

Mobley HLT, Island MD, Hausinger RP (1995) Molecular biology of microbial ureases. Microbiol Rev
59:451-480

Moonka D, Lichtenstein GR, Levine MS, Rombeau JL, Furth EE, MacDermott (1993) Giant gastric
ulcers: an unusual manifestation of Crohn’s disease. Am I Gastroenterol 88:297-299

Murphy MS, Eastham EJ, Jimenez M, Nelson R, Jackson RH (1987) Duodenal ulceration: a review of
110 cases. Arch Dis Child 62:544-548

Nagita A, Amemoto K, Yoden A, Aoki S, Sakuguchi M, Ashida K, Mino M (1996) Diurnal variation in
intragastric pH in children with and without peptic ulcers. Pediatr Res 40:528-532

Negrini R, Coiesi C, Savio A et al (1994) Molecular mimicr of gastric antigens by Helicobacter pylori: a
role in the pathogenesis of atrophic gastritis (abstract)? Am J Gastroenterol §89:1329

Newell DG, Rathbone BJ (1989) The serodiagnosis of Campylobacter pylori infection. Serodiagn
Immunother Infect Dis 3:1-6

Newell DG, Stacey AR (1992) The serology of Helicobacter pylori infection. In: Rathbone Bl (ed)
Helicobacter pylori and gastroduodenal disease, vol 1. Blackwell Scientific, Oxford, pp 64-73

Nguyen AM, Engstrand L, Genta RM, Graham DY, el-Zaatari FA (1993) Detection of Helicobacter
pylori in dental plaque by reverse transcription polymerase chain reaction. J Clin Microbiol 31:
783-787

NIH Consensus Development Panel on Helicobacter pylori in peptic ulcer disease (1994) Helicobacter
pylori in peptic ulcer disease. JAMA 272:65-69

Oderda G, Vaira D, Dell’Olio D, Holton I, Forni M, Altare N (1990) Serum pepsinogen | and gastrin
concentrations in children positive for Helicobacter pylori. ] Clin Pathol 43:762-765

Oppenheimer EH, Esterly JR (1975) Pathology of cystic fibrosis: review of the literature and comparison
of 146 autopsied cases. Perspect Pediatr Pathol 2:241-278

Osato MS, Le HH, Ayoub C, Graham DY (1997) Houseflies as a reservoir for Helicobacter pylori.
Gastroenterology112:A247

O'Toole PW, Kostrzynska M, Trust TJ (1994) Non-motile mutants of Helicobacter pylori and
Helicobacter mustelae defective in hook production. Mol Microbiol 14:691-703

Owen RIJ, Bickley J, Hurtado A, Fraser A, Pounder RE (1994) Comparison of PCR-based restriction
length polymorphism analysis of urease genes with rRNA gene profiling for monitoring Helicobacter
pyiori infections in patients on triple therapy. J Clin Microbiol 32:1203-1210

Parkin DM (1986) Cancer occurrence in developing countries. IARC Sci Publ 75:1-39

Parsonnet J (1995) The incidence of Helicobacter pylori infection. Aliment Pharmacol Ther 9:45-51

Parsonnet J, Friedman GD, Vandersteen DP, Chang Y, Vogleman JH, Orentreich N, Sibley RK (1991a)
Helicobacter pylori infection and the risk of gastric carcinoma. N Engl J Med 325:1127-1131

Parsonnet J, Vandersteen D, Goates J, Sibley RK, Pritikin J, Chang Y (1991b) Helicobacter pylori
infection in intestinal and diffuse type gastric adenocarcinoma. J Natl Cancer Inst 83:640-643

Parsonnet J, Hansen S, Rodriguez L, Gelb AB, Warnke FA, Jellum E, Orentreich N, Vogleman JH,
Friedman GD (1994) Helicobacter pylori infection and gastric lymphoma. N Engl J Med 330:
1267-1271

Perkins SE, Fox JG, Walsh JH (1996) Helicobacter mustelae-associated hypergastrinemia in ferrets
(Mustelae putorius furo). Am J Vet Res 57:147-150

Peterson WL (1991) Helicobacter pylori and peptic ulcer disease. N Engl J Med 324:1043-1048

Prieto G, Polanco 1, Larrauri J, Rota L, Lama R, Carrasco S (1992) Helicobacter pylori infection in
children: clinical, endoscopic, and histologic correlations. J Pediatr Gastroenterol Nutr 14:420-425

Rao S, Royval LE, Conrad HA, Harris V, Ahuja J (1990) Duodenal ulcer in sickle cell disease. J Pediatr
Gastroenterol Nutr 10:117-120

Rauws EAJ, Tytgat GNI (1990) Cure of duodenal ulcer associated with eradication of Helicobacter
pylori. Lancet 335:1233-1235

Recavarren-Arce S, Leon-Barua R, Cok J, Berendson R, Gilman RH, Ramirez-Ramirez A, Rodriguez C,

Spira WM (1991) Helicobacter pylori and progressive gastric pathology that predisposes to gastric

cancer. Scand J Gastroenterol 18:51-57




100 B.D. Gold

Robert ME, Weinstein WM (1993) Helicobacter pylori-associated gastric pathology. Gastroenterol Clin
North Am 22:59-72
Rosenstein B, Perman JA, Kramer SS (1986) Peptic ulcer disease in cystic fibrosis: an unusual occurrence
in black adolescents. Am J Dis Child 140:66-69
Rosenwaike [ (1984) Cancer mortality among Puerto Rican-born residents in New York City. Am J
Epidemiol 119:177-185
Rosioru C, Glassman MS, Berezin SH, Bostwick HE, Halata M, Schwarz SM (1993} Treatment of
Helicobacter pylori-associated gastroduodenal disease in children. Clinical evaluation of antisecretory
vs. antibacterial therapy. Dig Dis Sci 38:123-128
Rotter JI, Sones JQ, Samloff IM, Richardson CT, Gursky JM, Walsh JH, Rimoin DL (1979) Duodenal
uleer disease associated with elevated serum pepsinogen I: an autosomal inherited disorder. N Engl J
Med 300:63-66
Rowland M, Kuman D, O’Connor P, Daly LE, Drumm B (1997) Reinfection with Helicobacter pyloriin
children. Gastroenterology 112:A273
Rubin E, Farber JL (1990) The gastrointestinal tract. In: Rubin E, Farber JL (eds) Essential pathology,
vol 1. Lippincott, Philadelphia, pp 352-392
Ruuska T, Vaajalahti P, Arajarvi P, Maki M (1994) Prospective evaluation of upper gastrointestinal
mucosal lesions in children with ulcerative colitis and Crohn’s disease. J Pediatr Gastroenterol Nutr
19:181-186
Sauerbruch T, Schreiber MA, Schiissler P, Permanetter W (1984) Endoscopy in the diagnosis of gastritis:
diagnostic value of endoscopic criteria in relation to histologic diagnosis. Endoscopy 16:101-104
Sbeih F, Abdullah A, Sullivan S, Merenkov Z (1996) Antral nodularity, gastric lymphoid hyperplasia,
and Helicobacter pylori in adults. J Clin Gastroenterol 22:227-230
Schmitz A, Josenhans C, Suerbaum S (1995) The H pylori Nagellar biosynthesis regulatory protein FIbA
affects the expression of flagellar components on the transciptional level and is probably a membrane
protein. Gut 37:A245
Seppala K, Farkkila M, Nautinan H et al. (1992) Triple therapy of Helicobacter pylori infection in peplic
ulcer. A 12 month follow-up study of 93 patients. Scand J Gastroenterol 27:973-976
Serjeant GR, May H, Patrick A, Slifer E (1973) Duodenal ulceration in sickle cell anemia. Trans R Soc
Trop Med Hyg 67:59-63
Sherman PM (1994) Peptic ulcer disease in children. Gastroenterol Clin North Am 23:707-725
Silen W (1987) The clinical problem of stress ulcers, Clin Invest Med 10:270-274
Sonnenberg A, Everhart JE (1996) The prevalence of self reported peptic ulcer in the United States. Am J
Publ Health 86:200-205
Sonnenberg A (1988) Factors which influence the incidence and the course of peptic ulcer. Scand J
Gastroenterol 23:119-140
Sonnenberg A (1995) Temporal trends and geographical variations of peptic ulcer disease. Aliment
Pharmacol Ther 2:3-12
Spiro HM (1983) Gastric lymphomas. Clinical gastroenterology. Macmillan, New York, pp 292-297
Staat MA, Kruszon-Moran D, McQuillan GM, Kaslow RA (1996) A population-based serologic survey
of Helicobacter. J Infect Dis 174:1120-1123
Steen T, Berstad K, Meling T, and Berstad A (1995) Reproducibility of the 'C urea breath test repeated
after 1 week. Am J Gastroenterol 90:2103-2105
Stolte M, Eidt S (1989) Lymphoid follicles in the antral mucosa: immune response to Campylobacter
pylori. J Clin Pathol 42:1269-1271
Stone JW, Wise R, Donovan IA, Gea rty JC (1988) Failure of ciprofloxacin to eradicate Campylobacier
pylori from the stomach, J Antimicrob Chemother 22:92-93
Talley NJ, Zinsmeister AR, Weaver A, Dimagno EP, Carpener HA, Perez-Perez Gl, Blaser MI (1991)
Gastric adenocarcinoma and Helicobacter pylori infection. J Natl Cancer Inst 83:1734-1739
Taylor IL (1984) Gastrointestinal hormones in the pathogenesis of peptic ulcer disease. Clin Gastroen-
terol 13:355-382
Thijs JC, Van Zweet AA, Oey HB (1993) Efficacy and side effects of a triple drug regimen for the
eradication of Helicobaeter pylori. Scand J Gastroenterol 28:934-938
Tomb J-F, White O, Kerlavage AR, Clayton RA, Sutton FF, Fleischman RD, Ketchum KA, Lenk HP
et al (1997) The complete genome sequence of the gastric pathogen Helicobacter pylori. Nature
338:539-547
Tucci A, Corinaldesi R, Stanghellini V, Paparo GF, Gasperoni S, Biasco G, Varoli O, Ricci-Macearinin
M, Barbara L (1993) One-day therapy for treatment of Helicobacter pylori infection. Dig Dis Sci
38:1670-1673

Pediatric £

Tummuru MKR|
antigen of F
17991809

Unge P, Gad A,
towards gasts
troenterol 167

Veldhuyzen van 2
Helieobacter |
I Infect Dis 1

Villar HV, Wong
management |

Wang JT, JC Seu
analysis of H
169:1544-1 544

Wang JD, Zhou |
Helicobacter
Gastroenterol

Warren JR, Mars
tritis. Lancet |

Watanabe T, Tad
cancer in Mot

Webb PM, Knigh
with Helicoba
mission in ear

Westblom TU, M
infection in ag
Microbiol 30:§

Westblom TU, Ph
a polymerase |

Whitney AE, Gi
Helicobacter p

Whitney AEW, [
Macrophage i‘
fection. J Pedi

Wilhelmsen I, W
eradication wi
disease. Hepa

Wotherspoon AC
gastritis and p

Wotherspoon AC,
of primary lo
eradication of

Wyatt JI, Primros
155:350 |

Wyatt J1, Rathbor
Gastroenterol |

Wryatt JI (1995)
I{ismp:lllmfngj

Xiang Z, (_.'E':l]:iilli‘
expression of (
clinical isolate
vacuolating to

Yamashiro Y, Shi
intragastric ac
nocturnal acti

Yeung CK., Fu K
associated duo




Clin

cnce

mJ

t of

tory

enal
gl J

i in
IEY,

inal
Jutr
itis:
!

sia,

IbA

ane
ptic

Soc

mJ
d J

ent

Pediatric Helicobacter pylori Infection: Clinical Manifestations, Diagnosis, and Therapy 101

Tummuru MKR, Cover TL, Blaser MJ (1993) Cloning and expression of a high molecular weight major
antigen of Helicobacter pylori: evidence of linkage to cytotoxin production. Infect Immun 61:
17991809

Unge P, Gad A, Gnarpe H, Olsson J (1989) Does omeprazole improve antimicrobial therapy directed
towards gastric Campylobacter pylori in patients with antral gastritis? A pilot study. Scand ] Gas-
troenterol 167:849-S54

Veldhuyzen van Zanten SJ, Pollack PT, Best LM, Bezanson GS, Marrie T (1994) Increasing prevalence of
Helicobacter pylori infection with age: continuous risk of infection in adults rather than cohort effect.
J Infect Dis 169:434-437

Villar HV, Wong R, Paz B, Bull D, Neumayer L, Grogan T, Spier C (1991) Immuno-phenotyping in the
management of gastric lymphoma. Am J Surg 161:171-175

Wang JT, JC Seu, Lin JT, Wang TH, Wu MS (1993) Direct DNA amplification and restriction pattern
analysis of Helicobacter pylori in patients with duodenal ulcers and their families, J Infect Dis
169:1544-1548

Wang JD, Zhou DY, Yang HT, Zhang WD, Xu ZM (1994) Using polymerase chain reaction to detect
Helicobacter pylori in clinical samples and gastric mucosa of some domestic animals (abstract). Am J
Gastroenterol 89:1300

Warren JR, Marshall BJ (1983) Unidentified curved bacilli on gastric epithelium in active chronic gas-
tritis. Lancet 1:1273-1275

Watanabe T, Tada M, Nagai H, Sasaki S, Nakao M (1998) Helicobacter pylori infection induces gastric
cancer in Mongolian gerbils. Gastroenterology 118:642-648

Webb PM, Knight T, Greaves S, Wilson A, Newell DG, Forman D (1994) Relationship between infection
with Helicobacter pylori and living conditions in childhood: evidence for person to person trans-
mission in early life. Br Med J 308:750-753

Westblom TU, Madan E, Gudipati S, Midkifl BR, Czinn SJ (1992) Diagnosis of Helicobacter pylori
infection in adult and pediatric patients by using Pyloriset, a rapid latex agglutination test. J Clin
Microbiol 30:96-98

Westblom TU, Phadnis S, Yang P, Czinn SJ (1993) Diagnosis of Helicobacter pylori infection by means of
a polymerase chain reaction assay for gastric juice aspirates. Clin Infect Dis 16:367-371

Whitney AE, Guarner J, Hutwagner L, Gold BD (1998) Histopathological differences between
Helicobacter pylori gastritis of children and adults. Gastroenterology 114(4):A331

Whitney AEW, Emory TS, Marty AM, O'Shea PA, Newman GW, Otterbeck V, Gold BD (1996)
Macrophage infiltration of the gastric mucosa in children with and without Helicobacter pylori in-
fection. J Pediatr Gastroenterol Nutr 23:348

Wilhelmsen I, Weberg R, Berstad K, Hausken T, Hundal O, Berstad A (1994) Helicobacter pylori
eradication with bismuth subcitrate, oxytetracyclines and metronidazole in patients with peptic ulcer
disease. Hepatogastroenterology 41:43-47

Wotherspoon AC, Ortiz-Hidalgo C, Falzon MJ, Isaacson PG (1991) Helicobacter pylori-associated
gastritis and primary B-cell gastric lymphoma. Lancet 338:1175-1176

Wotherspoon AC, Doglioni C, Diss TC, Pan L, Mschini A, De Boni M, Isaacson PG (1993) Regression
of primary low-grade B-cell gastric lymphoma of mucosa-associated lymphoid tissue type after
eradication of Helicobacter pylori. Lancet 342:575-577

Wryatt JI, Primrose J, Dixon MF (1988) Distribution of Campylobacter pylori in gastric biopsies. J Pathol
155:350

Whyatt JI, Rathbone BJ (1988) Immune response of the gastric mucosa to Campylobacter pylori. Scand J
Gastroenterol 23[Suppl 142]:44-49

Wyatt JI (1995) Histopathology of gastroduodenal inflammation: the impact of Helicobacter pylori.
Histopathology 26:1-15

Xiang 7, Censini 8, Bayelli PF, Telford JL, Figura N, Rappoulir A, Covacci A (1995) Analysis of
expression of cagA and vacA virulence factors in 43 strains of Helicobacter pylori reveals that the
clinical isolates can be divided into two major and that cagA is not necessary for expression of the
vacuolating toxin. Infect Immun 63:94-98

Yamashiro Y, Shioya T, Ohtsuka Y, Nakata S, Oguchi S, Shimizu T, Sato M (1995) Patterns of 24 h
intragastric acidity in duodenal ulcers in children: the importance of monitoring and inhibiting
nocturnal activity. Acta Paediatr Jpn 37:557-561

Yeung CK, Fu KH, Yuen KY, Ng WF, Tsang TM, Braniki FI, Saing H (1990) Helicobacter pylori and

associated duodenal ulcer. Arch Dis Child 65:1212-1216




102 B.D. Gold: Pediatric Helicobacter pylori Infection

Yip R, Limburg PJ, Ahlquist DA, Carpenter JH, O"Neill A, Kruse D, Stitham S, Gold BD et al. (1997)
Pervasive oceult gastrointestinal bleeding in an Alaska Native Population with prevalent iron defi-
ciency anemia. JAMA 277:1135-1139

Younan R, Pearson J, Allen A, Venables C (1982) Changes in the structure of the mucus gel on the
mucosal surface of the stomach in association with peptic ulcer disease. Gast roenterology 82:827-831

Young JL, Percy CL, Asire Al, Berg JW, Cusan MM, Gloeckler LA, Horn JW. Lourie WI, Pollack ES,
Shambaugh EM (1981) Cancer incidence and mortality in the United States, 1973-1977. N
Inst Monogr 57:1-187

Yu I, Russell M, Salomen RN, Murphy JC, Palley LS, Fox IG (1995) Effect of Helicobacter mustelae
infection on ferret gastric epithelial cell proliferation. Carcinogenesis 16:1927-1931

atl Cancer

Microbiolo
A. Marais, L, |

| Introduction |

2 Taxonomy . |
3 Morphology

3.1 Ultrastructure
3.2 Maltility. , , |
4 Chemotaxis . 1
3 Metabolism. 1
5.1 Glucose Metal
5.2 Pyruvate Mety
5.3 Amino Acid

54 Falty Acid ang
5.5 Nucleotide Iiiﬂ
5.0 Respiratory Cl

6 Nitrogen SUMJ
7 lron Acquisitic
8 pH Regulation
9 Diversity . . |
9.1 Cag Locus . .
9.2 vaed Gene . .
9.3 Adhesins and
9.4 Extragenic Elel

1) Conclusion . .

References . . . .,

I Introductio

Since the compl
published (Toms
microbiology of (

fact, a new era in

Laboratoire de Bacté
France



31
S
cr

e

Microbiology of Helicobacter pylori

A. Marais, L. MonTEIRO, and F. MEGRAUD

| Introduction

2 Taxonomy

3 Morphology . . .. oo

3.1 Ultrastructure

35 MEBIY - o con sov s v wom wes

4 Chemotaxis. . . .. .0 o0 o

L Ln

[P VR
R e

6 Respiratory Chains
] Mitrogen Sources

7 lron Acquisition .

&  pH Regulation . . . . . .. . ..

0 DINENEIY o ones wen owun s

9.1 Cag Locus . .. ..
9.2 vaed Gene . . .

9.3 Adhesins and Lipopolysaccharide
9.4 Extragenic Elements . . . . . . ..

1}] Conclusion . . . . . .. ...

Relerences

1 Introduction

Metabolism, . . . . . . ... ..
Glucose Metabolism . . . . . ... ...
Pyruvate Metabolism and the Krebs Cycle
Amino Acid Metabolism
Fatty Acid and Phospholipid Metabolism
Nucleotide Biosynthesis . . . . . . .

.......... 107

;v Ese e eo 5 TR

..... 104

........... 105

105

...... 108
......... 108

........... 108
......... C 1w
T 1

....... 110

............................ 110
........... 110

Since the complete genome sequence of Helicobacter pylori (strain 26695) was
published (Tomg et al. 1997), an important amount of information concerning the
microbiology of this organism must be added to already known features (Fig. 1). In

fact, & new era in microbiology has dawned, and microbiologists cannot ignore the
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numerous data provided by this extraordinary work. This chapter gives an over-
view of the microbiology of H. prlori and includes new sequence data.

2 Taxonomy

Three phases may be distinguished in the history of the taxonomy; the first two are
based on a phenotypic study and the third on a genolypic analysis.

In the seventeenth century, LinNg: altempted to define taxonomic rules. The
principles of this classification consisted of putting together in a same group (or
taxon), organisms sharing some phenotypic characteristics. However, this method
presents some limits: the characteristic to be considered may be chosen arbitrarily;
examination of some other characteristics may lead to another classification: and
the failure to detect a given characteristic in only one strain renders its classification
difficult. In order to circumvent this drawback, a numerical taxonomy was devel-
oped when computer science emerged. This method takes into account u greal
number of characteristics, to which the same value is given, and a statistical analysis
then allows a classification of the organisms. Nevertheless, phenotypic character-
istics may be dependent on environmental conditions.

More recently, the genomic taxonomy has been developed. 1t is based on the
comparison of the degree of similarity existing between nucleotide sequences from
different strains. Currently, a bacterial species is defined if the level of DNA/DNA
hybridization between strains is at least 70% (WAynNE et al. 1987),

The comparison of the 168 rDNA sequences is also a criterion for defining a
bacterial species. Two organisms with identical 16S rDNA sequences (i.c., less than

(ienome: circular chromosome of 1,667,867 base pairs (1.67Mb)

* intergenic sequences - 6%

coding regions non-coding

TEBIONS) % reneated sequences - 23%
91% 9%

* stable RNA - 0,7%

encode 1,590 putative proteins

1,091 proteins with homologues /\ 499 proteins with

in other organisms no database match

Fig. 1. General features of the H. prfori genome (strain 26695)
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er- 5-15 differences out of 1500 base pairs sequenced) are assumed to belong to the
same species (WoEse 1994). Based on the 16S rDNA sequence and its comparison
with that of Campylobacter spp, the Helicobacter genus was proposed in 1989 and
included Helicobacter mustelae and H. pylori (Goopwin et al. 1989). Since then,
more than ten species have been attributed to this genus (Table 1),

e
3 Morphology
he
or 3.1 Ultrastructure
od
ly; H. pylori is a curved gram-negative bacillus. The organisms are 3-5um in length
nd and about 0.5um in diameter. The ability of H. pylori to convert into a coccoidal
on form has been demonstrated and has suggested different hypotheses concerning the
el- significance of this conversion (Fig. 2).
sal During infection, most of the bacteria are present in the host gastric mucus as
518 spiral forms (WARREN and MARSHALL 1983: MaRrsHALL et al. 1984), but coccoidal
er- forms have also been found in the human stomach (CHAN et al. 1994). However, the
role of these forms in the pathogenicily is controversial. Studies using animal
he
m
41’4\
Table 1. The genus Helicobaeter
y i
Species Hust
an )
Gastric Helicobacter spp.
H. pvlori Man
H. bi: Dog
H. heilmeanni Cat, dog, pig, monkey, (man)
H. felis Cal. dog, (man)
H. mustelae Ferret
H. nemestrinee Macague
- H. aeinonyy Cheetah
o Intestinal Helicobacier spp.
™ H. cinavdi Hamster (man)
2 H. fennellice Man
. mricarin Mouse
H. bilix Mouse
H. caniy Dog
H. hepaticns Mouse
H. pametensis Seagull
H. cholecvstus Hamster
H. pullorum Poultry
H. rodentium Mouse
H. trogonin Rat
H. wesnaedi Mouse
H. salomoniy Mouse

* Also known as Gastrospivitiun honinis ov Gastrospivithun suis.
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Fig. 2. Adherence of spiral and coceoidal forms of #. pylori visualized by scanning electron microscopy

models also gave conflicting results: coccoidal forms seem to be infectious in mice
(CeLLIng et al. 1994a) but not in piglets (EaTon et al. 1995).

Under favorable culture conditions, H. pylori maintains its spiral form. Nev-
ertheless, the conversion into a coccoidal form has been observed under unfavor-
able conditions (WEsT et al. 1990: Ma1 et al. 1989). A similar phenomenon has been
described for the Campylobacter genus (Moran and UprtoN 1986, 1987). The
conversion of spiral forms into coccoidal forms can be induced by an increase in
oxygen tension (CATRENICH and MAKIN 1991), by alkaline pH (Jones and Curry
1991), an increase in temperature (SHAHAMAT et al. 1993), an extended incubation
(REYyNOLDS and PEnN 1994), and treating the culture with omeprazole (CELLINI
ct al. 1994b) or antibiotics such as amoxicillin (Berry et al. 1995).

Coccoidal forms are nonculturable, but some studies have suggested that they
are viable and even infectious (CELLINI et al, 1994b; CoLE et al. 1997; SORBERG et al.
1996). In contrast, other studies have shown that coccoidal forms are the mor-
phological manifestation of bacterial cell death (MoranN and Urrton 1986: Buck
ct al. 1983). Recently, KusTers et al. (1997) observed that. independently of con-
ditions leading to the conversion into coccoidal forms, the transformation is ac-
companied by several ultrastructural and antigenic modifications: (a) the amount of
RNA and DNA as well as their integrity are significantly decreased in the coccoidal
forms; (b) a loss of membrane potential is observed; and (c) inhibition of RNA or
protein synthesis by the action of antibiotics does not prevent the transformation
into coccoidal forms but leads to an increase in the conversion rate. These obser-
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vations led the authors to propose that the conversion of H. pylori into coccoidal
forms is a passive process which does not require protein synthesis, and that the
coccoidal form is more likely the morphological manifestation of bacterial cell
death rather than a viable metabolizing but nonculturable entity.

Based on the few regulatory networks suggested by the H. pylori genome
sequence annotation (Toms et al. 1997), the molecular data support the concept
that coccoidal forms are degenerative forms of H. pylori. The significance of these
coccoidal forms is still under debate, and more experiments concerning the regu-
lation of gene expression will contribute (o elucidate this question.

3.2 Motility

The capacity of H. pylori to spread through the viscous mucus covering the epi-
thelial cells of the gastric mucosa, is due to the presence of five or six unipolar
flagella. These units are essential for H. pylori colonization (see ““Mechanisms of
Helicobacter pylori Infection: Bacterial Factors,” this volume). The flagellar fila-
ments are composed of two different proteins: the major flagellin is a 53-kDa
protein named FlaA, and the minor flagellin, FlaB, is a 54-kDa protein.

A property of these flagella is that the flagellar filament is covered by a double
layer of phospholipids. This sheath is thought to protect the flagella from the
gastric acidity, which otherwise would depolymerize the flagellar filaments (Sukr-
saum et al. 1993). In 1997, Jongs et al. reporied the existence of a flagellar sheath
protein identical to the HpaA protein, which was shown to be a N-acetyl ne-
uraminyllactose-binding hemagglutinin (Evans et al. 1993).

The two genes (flud and fluB) encoding the proteins FlaA and FlaB were
characterized (LEYING el al. 1992; SuerBaum et al. 1993). These genes were shown
to be expressed from promoters using different sigma factors (sigma 28 and 54).
This result suggests that the composition of the flagellar filament might vary in
response Lo changes in environmental conditions. This modulation might confer to
the bacteria, motility properties adapted to environmental conditions (JOSENHANS
et al. 1995). Sigma 28- and sigma 54-like promoters have been found upstream of
many flagellar genes by Toms et al. (1997) who suggested a complex transcriptional
regulation of the flagellar regulon.

Moreover, orthologues of proteins involved in the control of flagellar gene
expression in Bacillus subtilis were found to be encoded by H. pylori DNA (Toms
et al. 1997), for example, the FIhF protein which is a GTP-binding protein and the
FIiS protein involved in the negative control of fagellar gene expression.

In addition, Scumrrz ct al. (1997) have characterized the flbB gene which
encodes a protein that is similar to InvA, LerD, and FIbF proteins implicated in the
regulation of virulence or motility.

Examination of H. pylori genome sequence annotation shows thal numerous
genes involved in the secretion and assembly of the flagellar structure are present in
H. pylori DNA including genes involved in hook structure and basal body
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synthesis. Orthologous proteins responsible for motor rotation and motor

switching seem to be encoded by H. pylori.

4 Chemotaxis

Despite a well-developed adaptation to its environment, some studies have sug-
gested that H. pylori demonstrates chemotactic activity, mediated in particular,
through four amino acids (lysine, alanine, glutamine and histidine), and toward
urea and bicarbonate (Worku et al. 1997; YosHiyama et al. 1997).

Moreover, JACKSON et al. (1995) have characterized two genes encoding the
major regulators of chemotaxis in bacteria (CheA and CheY). The latter has been
shown to belong to a stress-responsive operon (Betir et al. 1997). Orthologous
genes namely chelV, cheF, and cheW, have also been identified (PirTmMAN et al.
1997). As additional evidence to this chemotactic activity, genome sequence anal-
ysis has also allowed the identification of genes encoding putative receptors/
transducers and genes involved in intermediate signal processing,

5 Metabolism

As a microacrophilic bacterium living in an acidic environment, H. pylori has
developed strategies to survive and grow under such particular conditions. In ad-
dition to a brief overview of the H. pylori metabolism, we will focus on a few
metabolic features that account for this adaptation to a restricted ecological niche.

5.1 Glucose Metabolism

H. pylori seems to be able to metabolize glucose by using both fermentative and
oxidative pathways, as shown experimentally (for review, HazeLL and MeNDz
1997) and also by analyzing the whole genome sequence (Toms et al. 1997).
However, glucose is the only source of carbohydrates and the main source for
substrate-level phosphorylation.

The importation of glucose into cells is mediated by a permease. No phos-
photransferase system nor general glucokinase seems 1o be encoded by H. pylori
DNA. This feature could reflect the limited range of carbohydrates used and the
adaptation Lo a restricted niche.

Three pathways are believed to be involved in glucose catabolism: the pentose
phosphate pathway, glycolysis, and the primitive Entner-Doudoroff pathway
(MENDZ et al. 1994a; CuaLk et al. 1994: Horeman et al. 1996; MEnDz and HAazELL
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1991). The latter is less energelic than glycolysis but offers the possibility to me-
tabolize aldonic acids. Genes involved in these different pathways have been
identified in the H. pylori DNA sequence.

5.2 Pyruvate Metabolism and the Krebs Cycle
Pyruvate is the final product of glycolysis and the Entner-Doudoroff pathway. The

fate of pyruvate in H. pylori has been investigated under anacrobic and aerobic
conditions (CHALK et al. 1994; MenDz et al. 1994b). These studies and the genome

sequence annotation provide some outline for the microaerophilic character of

H. pylori.
For example, the oxidative decarboxylation of pyruvate was shown to be car-

ried out by a pyruvate:flavodoxin oxidoreductase (HuGHzs et al. 1995), instead of

the aerobic pyruvate dehydrogenase (AceCF), and the strictly anaerobic pyruvate-
formate-lyase (Pfl) associated with mixed fermentation, whose corresponding genes
seem to be absent from the H. pylori genome sequence (Toms et al. 1997).

Orthologous genes encoding enzymes involved in the Krebs cycle or in fer-
mentative metabolism have been found in H. pylori DNA. An interesting finding is
the presence of 2-oxoglutarate:acceptor oxidoreductase which catalyzes one of the
reactions in the Krebs cycle. Moreover, some studies report the existence of a
reductive pathway in the Krebs cycle (MEnpz et al. 1993; HazeLL and Menpz
1997). What is interesting in this reductive pathway is that fumarate may act as an
electron acceptor in anaerobic respiration (see below).

The pyruvate:flavodoxin oxidoreductase from H. pylori has been shown to be
related (o pyruvate ferredoxin oxidoreductases, previously associated with hyper-
thermophilic organisms (Huches et al. 1995). The same observation should be
made for the 2-oxoglutarate:acceptor oxidoreductase, based on gene sequence
similarities (Toms et al. 1997).

The putative anaerobic respiration and the characterization of both the
pyruvate:flavodoxin oxidoreductase and the 2-oxoglutarate:acceptor oxidoreduc-
tase are elements that contribute to the microaerophilic phenotype of H. pylori and

support the concept of an anaerobic metabolic system in this bacterium, even if

oxygen is required for growth.

5.3 Amino Acid Metabolism

The development of a defined medium for the culture of H. pylori and the subse-
quent determination of ils amino acid requirement were important steps in un-
derstanding H. pylori metabolism (ReynoLps and Penn 1994). In 1995, MENDZ
and HazeLL (1995) showed that carbohydrates can be removed from a medium in
which amino acids constituted the basic nutrients. When analyzing the genome
sequence annotation, a very high correlation was observed with experimental data.
Orthologous genes encoding enzymes involved in amino acid biosynthesis or ca-
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tabolism were identified in H. pylori DNA. In summary, when an amino acid is
found to be required for growth (REynoLps and Penn 1994), the analysis of the
molecular data reveals that the biosynthetic pathway for it is not complete. In
contrast, dispensable amino acids are thought to be synthesized by the bacterium
through conventional pathways.

5.4 Fatty Acid and Phospholipid Metabolism

Degradation of lipids could provide an additional source of carbon and energy.
Moreover, phospholipids are a potential source of phosphate. H. pylori seems to
have the coding capacity for few enzymes involved in the B-oxidation cycle (Toms
et al. 1997). Some studies have reported phospholipase activity in H. pylori, in-
volving phospholipase Al, A2, or C (LICHTENBERGER et al. 1990; OrTLECZ et al.
1993; Werrkamp et al. 1993; Bobe et al. 1997). The role of these phospholipases in
gastric mucosa alterations is discussed elsewhere in this volume (see “*Mechanisms
of Helicobacter pylori Infection: Bacterial Faclors™).

Concerning the biosynthesis of fatty acids and phospholipids, few experimental
studies have been carried out. Considering the genome sequence, at least 14 genes,
encoding enzymes involved in biosynthetic pathway of lipids have been identified in
H. pylori DNA (Toms et al. 1997). The finding of a ¢fa orthologous gene from
C. coli suggests the presence of cyclopropane fatty acids in the H. pylori genome, as
in many other bacteria. Regarding the phospholipid biosynthetic pathway, genes
involved in it have been found in H. pylori sequence (Toms et al. 1997). Moreover,
G and TavrLor (1997) have identified the phosphatidylserine synthase and the
corresponding gene (pssA).

5.5 Nucleotide Biosynthesis

Ribonucleotide monophosphates (NMP), from which deoxyribonucleotide mono-
phosphates (ANMP) are derived, may be synthesized de novo from simple pre-
cursors or they may be formed via the so-called salvage pathway.

Data provided from experimental studies (MEnDz et al. 1994¢.d) and molec-
ular data from the sequence annotation (Toms et al. 1997) have led to the con-
clusion that H. pylori can synthesize de novo many of the pyrimidine nucleotides
and has a limited utilization of the pyrimidine salvage pathways. On the other
hand, the purine nucleotides are thought to be synthesized by the purine salvage
pathways rather than by the de novo pathways.

5.6 Respiratory Chains

In H. pylori, there is some evidence that aerobic and anaerobic respiration occurs.
Proton translocation is mediated by NDH-1 dehydrogenase and various cyto-
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chromes. The NDH-1 complex is also able to catalyze the reduction in quinones by
NADH (SmitH and Epwarps 1997). Some studies report that the primitive cbb3-
type cytochrome oxidase acts as a terminal oxidase in the aerobic respiration in
H. pylori (NAGATA et al. 1996; ALperson et al. 1997). In addition to the NDH-1
complex, four other respiratory electron-generating dehydrogenases have been
identified by gene sequence similarities (Toms et al. 1997): a hydrogenase complex
(HydABC), a p-lactate dehydrogenase and two sn-glycerol-3-phosphate dehy-
drogenases (aerobic and anaerobic forms).

In aerobic respiration, oxygen is the terminal respiratory acceptor for elec-
trons. MEnDz and HaziLk (1993) have demonstrated that H. pylori contains a
fumarate reductase whose existence suggests the possibility of ATP generation via
anacrobic respiration, in a similar fashion to other anaerobic or facultative bac-
teria. Thus, fumarate can serve as an electron acceptor in anaecrobic respiration.
MaARrciLLI et al. (1996) have shown that the major isoprenoid quinone is mena-
quinone-6, which implies that the anaerobic respiratory chain is used more fre-
quently in H. pylori than the aerobic respiratory chain (TaTtusov et al. 1996).

6 Nitrogen Sources

Analysis of the genome sequence of H. pplori leads to the hypothesis that the
bacterium is able to use several substrates as a nitrogen source, including urea,
ammonia, and three amino acids (alanine, serine, and glutamine).

Ammonia can be produced by the activity of urease (WiLLiams et al. 1996)
which allows access to urea nitrogen in the form of ammonium ions. H. pylori also
scems to have the coding capacity for an aliphatic amidase (SkouLousris et al.
1997: DEREusE et al. 1997). This enzyme catalyzes the degradation of amides,
which supplies a nitrogen source also by ammonia production.

7 Iron Acquisition

As with other bacteria, H. pylori requires an iron-scavenging system Lo provide
iron, which is an extremely important element for biological systems. What is very

interesting, when analyzing the genome sequence of H. pylori, is the complexity of

iron acquisition mechanisms and the redundancy of the iron-scavenging systems.
One wonders about the relevance and the signification of this feature. Genome
sequence analysis suggests the existence of a system for iron uptake analogous to
the siderophore-mediated iron uptake fec system of Escherichia coli.

Components of a periplasmic binding protein-dependent transport system for
the uptake of a ferric siderophore seem to be encoded by H. pylori DNA. The
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bacterium should be able to assimilate ferrous iron, since a feo-like system has been
found in H. pylori. In E. coli, the system provides an important contribution to the
iron supply under anaerobic conditions (KAMMLER et al. 1993). FRAZIER et al.. in
1993, and later Evans et al. (1995) identified a nonheme cyloplasmic iron-con-
taining ferritin used for storage of iron (Pfr). In addition to this component,
H. pylori contains NapA, a bacterio-ferritin possibly involved in the storage ol
residual iron.

Concerning the regulation of the iron uptake, three copies of the fipB or-
thologous gene from Neisseria meningitidis have been found in H. pylori. The
encoded protein is homologous to several TonB-dependent outer membrane re-
ceplors of E. ¢oli (BEuchEr and SPARLING 1995). The TonB protein is an essential
component in iron-siderophore uptake in bacteria. Moreover, the important reg-
ulatory protein Fur (ferric uptake regulator) seems to be encoded by H. pylori.
Consensus sequences for Fur-binding boxes were found upstream of two fecA
genes, three fipB genes and the fur gene (Toms et al. 1997).

8 pH Regulation

H. pylori must have developed physiological strategies to colonize an acidic envi-
ronment due to the high activity of gastric H', K ATPase. In vitro, H. pylori
cannot survive at pH 3, whereas when urea is adding at a similar concentration as
in the stomach, the bacteria are protected (CLyNE et al. [995). Therefore the urease
produced by H. pylori allows it to extend its survival into the acidic range of pH.
However, MEvER-RosBERG et al. (1996) have shown that urease decreases the
bacteria’s survival at alkaline pH (Fig. 3).

Other mechanisms of pH homecostasis have been developed by H. pylori. As in
other bacteria, H. pylori is able to maintain the proton motive force, by adjusting
the potential difference across the plasmic membrane to compensate for the changes
in pH gradient (SAcus et al. 1996). Its ability to create a positive inside-membrane
potential seems more likely to be provided by concentrating cations than by
pumping out anions, as suggested by the few mechanisms for anion efflux encoded
by H. pylori DNA. Three proton-translocating P-type ATPases have been identified
in H. pylori: ATPase-439, ATPase-948, and ATPase-115 (GE et al. 1995: MELCHERS
et al. 1996, 1998).

H " -coupled ion-transport systems have also been identified in /. prlori in-
volving two orthologous proteins of NapA from Enterococcus hirae and NhaA
from E. coli which are Na " /H" antiporters and responsible for controlling the flow
of ions into and out of the cell.

The pH of a host microenvironment can be considered as one of the physi-
cochemical signals that then results in the induction or repression of appropriate
genes. In this area, McGowan et al. (1996, 1997) reported a change in H. pylori
protein content following a shift in extracellular pH.
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9 Diversity

H. pylori was cultured in 1982 by WARrREN and MARSHALL (1983) from human
stomach biopsies of patients with type B gastritis. During the following years this
bacterium was shown to be associated with diverse discases (see “Diagnosis of
Helicobacter pylori Infection,” this volume). The occurrence of one of these diseases
can be related to host genetic factors and environmental factors, but might also be
dependent on the specific properties of the infectious bacteria. Hence, it is of in-
terest to evaluate the heterogencity of H. pylori populations and to attempt to find a
relationship between the bacterial genetic background and a given disease. Nu-
merous studies have shown by diverse typing methods, that there are substantial
levels of variation among natural isolates of H. pylori and that the degree of
diversity seems to exceed that recorded in virtually all bacterial species (Go et al.
1996; van Doorn et al. 1997; WoLLE et al. 1997).

Many different mechanisms could contribute to this genetic diversity. One of
the most interesting is the point mutation which is the change in only one single
base pair. Such a mutation has been shown to be associated with diversity in the
ureC gene (Kansau et al. 1996; Courcoux et al. 1990) and the ice4 gene (PeEk et al.
1996), for example. The acquisition of exogenous DNA may also have contributed
to this diversity as well as multiple genomic rearrangements.
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9.1 Cag Locus

The cag locus (Fig. 4) provides an extraordinary illustration of multiple mecha-
nisms by which diversity can occur. First, the cagA gene was the first H. prlori gene
to be described which is not conserved in all strains (TuMMURU el al. 1993; Covacci
et al. 1993). The molecular characterization of the cagA gene, the gene currently
used as the marker for the cag locus, provides an example of heterogeneity by
variation in the number of intragenic cassettes. The number of DNA repeals ac-
counts for the observed size heterogeneity of the CagA protein (BLASER 1996).

Finally, the cag locus was shown to be most likely acquired by horizontal
transfer and integrated into a bacterial housckeeping gene, and then to evolve by
chromosomal rearrangements and acquisition of insertion sequence elements
(CensiNg et al. 1996). Several characteristics of this locus such as the presence of
short repeated sequences and insertion sequences, its G + C content (35%) which is
different than that of the genome (39%), its prevalence with the most virulent
strains, and its capacity to encode proteins probably involved in the export of
virulence determinants (Tummugru et al. 1995: Toms et al. 1997), have led to the
consideration of this genetic locus as a so-called pathogenicity island (see **Mech-
anisms of Helicobacter pylori Infection: Bacterial Factors,” this volume).

The success of foreign DNA acquisition depends on the DNA (ransfer and on
its integration into the H. pylori genome by a recombinant event. Despite the
natural competence of H. pylori (WANG et al. 1993), the efficiency of a foreign DNA
successful transfer might be reduced by the presence of numerous restriction and
modificalion systems existing in H. pylori (Toms et al. 1997).

In contrast, recombination events might be responsible for genetic shifts in
H. pylori. Indeed, the bacterium has the coding capacity for a recombination
pathway (RecF), and numerous homologous sequences such as DNA repeals and
paralogous genes are present in H. pylori DNA.

9.2 vacA Gene

The vacA gene encodes the vacuolating cytotoxin A which is produced by ap-
proximatively 50% of H. pylori strains (Cover and BLAsER 1992). The role of this
cytotoxin in the pathogenicity of H. pyloriis discussed elsewhere in this volume (see
“Mechanisms of Helicobacter pylori Infection: Bacterial Factors™). In this section
we will consider this gene as an example of diversity.

ATHERTON et al. (1995) demonstrated the mosaic structure of the vacA gene in
which both conserved regions and diverse regions exist (Fig. 5). The authors de-
fined two types of midregion sequences (m1 and m2) and three different families of
vacA signal sequences (sla, s1b, and s2). More recently two other allelic types were
defined in the midregion of the gene: ml-like (m1*) and the hybrid m1*-m2 (Pan
et al. 1998) and one in the signal sequence (slc¢) (vAN Doorn et al. 1998). The
analysis of the whole genome sequence of H. pylori led to the identification of three
other genes sharing sequence similarity with the vacA gene. The mosaic structure as

H. pylori chromosome
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Fig. 5. The vacA gene diversity

well as the putative intragenic recombination events between vacA-related genes
might contribute to the heterogeneity of H. pylori strains, by genecrating new VacA
variants. An association between the vaeA allelic type and the amount of cytotoxin
produced has been made.

9.3 Adhesins and Lipopolysaccharide

H. pylori also exhibits some diversity in adhesin expression. Despile the fact that
the majority of H. pylori is free-living in the gastric mucosa (LEg and MrrcHELL
1994), some are found adhering to epithelial cells (Hessey et al. 1990: Ler et al.
1993). The presence of adhesins in /. pylori was proved by the characterization of
the adhesins themselves or of a cellular receptor (CLyne and DrumM 1997), Their
contribution to H. pylori colonization is reviewed elsewhere in this volume (see
“Mechanisms of Helicobacter pylori Infection: Bacterial Factors™).

Adhesins also contribute to the observed heterogeneity of H. pylori strains.
Indeed, three previously identified adhesins, AlpA, AlpB, and BabA (OpeNsrErT
et al. 1997; Liver et al. 1998), belong to the large family of outer membrane
proteins (OMPs) (Toma et al. 1997). What is interesting is that all the members of
this family (32 in H. pylori) contain one highly similar domain at the amino-
terminal end and seven homologous domains at the carboxy terminus. Further-
more, 11 of these 32 OMPs share extensive similarities over their entire length,
Considering these sequence similarities and the great number of OMP genes en-
coding surface-exposed proteins, it seems that recombination events could occur
and lead to mosaic organization. This structure may be the basis for antigenic
variation in H. pylori.

In addition to this mosaic structure, OMP genes seem to be submitted to
transcriptional regulation which would likewise provide antigenic variation. In this

calegory, eight
containing olig
versus nonfunc
YoGev et al. |
mented for OM
for the BabA a
base pairs, whi

vice versa,
With regar
1stic 1s to conta
tigens present g
Helicobacter pys
In addition:
core region, the
o 1,3 fucosyl tr
pression of sjaly
repeats have by
APPELMELK el ¢
serotypes due (¢
\

9.4 Extragenii

Exll'uc}n':_nnosm}‘
diversity.
Approxima
1997). Other ex
quences or Lrai

insertion sequen
insertion sequen
1S606, as well a

Lewis

Fig. 6. Lewis® and 1
IL-fucose




nes
1IcA
Xin

Microbiology of Helicobacier pylovi 17
category, eight OMP genes have been found with potential promoter regions
containing oligonucleotide repeats (Tomg et al. 1997). The synthesis of functional
versus nonfunctional proteins depends on the stretch length (Jonsson et al. 1991,
Yocev et al. 1991). Until recently such antigenic variation had not been docu-
mented for OMPs. However, another mechanism of phase variation was identified
for the BabA adhesin (LLVER et al. 1998). There is a duplication or deletion of ten
base pairs, which induces the conversion of a silent gene to an expressed gene and
vice versa.

With regard to the lipopolysaccharide (LPS) of 1. pylori, its main character-
istic is to contain Lewis™ and Lewis” antigenic moieties that mimic the Lewis an-
tigens present on parietal cells and in human gastric mucosa (see ““Mechanisms of
Helicobacter pylori Infection: Host Factors,” this volume) (Fig. 6).

In addition to the genes necessary to ensure the biosynthesis of lipid A and the
core region, the whole genome sequence allowed the identification of two copies of
o 1,3 fucosyl transferase genes. The corresponding enzyme is involved in the ex-
pression of sialyl-Lewis™ antigens in humans. As in some OMP genes, stretches of
repeats have been identified in the promoter region of these genes. Recently,
ArpELMELK el al. (1998) described phase variation in Lewis and non-Lewis LPS
serotypes due to “on/off” switching of these genes.

9.4 Extragenic Elements

Extrachromosomal DNA and transposon elements can also contribute to . pylori
diversity.

Approximatively 40% of H. pylori strains contain cryptic plasmids (Dunn et al.
1997). Other extragenic elements contribute to the diversity such as insertion se-
quences or transposons. As mentioned above, H. pylori was shown to contain
insertion sequence 1S605. In the sequenced H. pylori strain (26695), two distinct
insertion sequences were found: five full-length copies of 1S605 and two of a novel
1S606, as well as partial copies of both.

Lewis® Gal p 1 - 4 GlecNAc
|al,3
Fuc
LewisY Fucal - 2 Galpl - 4 GlcNAc
|al,3
Fuc

Fig. 6. Lewis® and Lewis® antigen structure. Gal, p-Galactose; GleNAe, N-acetyl-n-glucosamine; Fue,
L-fucose
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These extragenic elements are not widely distributed in the H. pylori popula-
tion and hence could confer different phenotypic characters. Finally, there is evi-
dence that H. pylori populations are highly diverse and that this diversity is still
increasing. For this reason, it will probably be difficult to predict disease devel-
opment even when the infectious strain of H. pylori is identified and characterized.

10 Conclusion

In summary, H. pylori is a bacterium which has developed a greal number of
specialized systems allowing it to grow and persist in a restricted ecological niche.

The variability of the H. pylori genome sequence has confirmed some previous
experimental data and has helped to solve some ambiguities, in iron-scavenging
systems for example. These molecular data have indeed provided some explana-
tions concerning the limited carbohydrate range used by H. pylori. The sequence
also provides new insights into the acid tolerance and microacrophilic character of
H. pylori, as we have tried to show in this chapter.

Interestingly, molecular data provided by the whole-genome sequencing as well
as recent studies (APPELMELK et al. 1998: LLver el al. 1998) have shown that this
organism has developed mechanisms which induce antigenic variation within a
population. In the future, experiments concerning such antigenic variation will no
doubt provide insight into its biological significance, and in particular into its
contribution to evade the host immune response.

Nevertheless, the availability of the complete genome sequence of H. pylori is
not an ending itself’ but the starting point for further experiments. One of the
principal genome-oriented experimental approaches would involve the inactivation
of genes, followed by evaluation of the effects of gene disruption in biochemical and
biological test systems as well as in animal models.

There is no doubt that H. pylori research will benefit from the sequence data, in
particular pathogenesis, vaccine and therapeutic developments.
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Development of animal models of Helicobacter gastritis has been a priority since
MarsHALL and WARREN first identified the association between gastritis, peptic
ulcer, and infection with Helicobacter pylori (MARSHALL and WARREN 1984). In
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the approximately 10 years since the introduction of the first animal model (the
germ-free piglet; KRAKOwWKA et al. 1987; LAMBERT et al. 1987), a bewildering
array of new animal models has been introduced, involving host species as
disparate as monkeys and mice, and bacterial species isolated from primates,
carnivores, and pigs as well as humans. Investigators have used different
methods to induce Helicobacter-associated disease in animals, and have exam-

ined aspects of Helicobacter-associated disease ranging from mechanisms of

bacterial colonization and induction of gastritis to carcinogenic potential. The
result is a large body of sometimes conflicting information regarding animal
models, their uses, and their relevance to the pathogenesis of human disease
associated with H. pylori,

When evaluating animal models of H. pylori, several factors must be ac-
knowledged. First, it must be remembered that human disease associated with
H. pylori encompasses a wide range of pathological changes from asymptomatic
chronic gastritis (MARSHALL and WARREN 1984) to gastric cancer (PARSONNET et al.
1991, 1994). It is likely that both host and bacterial factors contribute to this
variability, and thus it is to be expected that marked variability in responsiveness is
found in animal models as well. Second, it must be understood that there is cur-
rently little standardization in the field of animal models of H. pylori. Different
laboratories use different host strains or species, different bacterial strains or spe-
cies, and different methodologies. This variation is expected because the study of
animal models is still young, and details of standardization are yet to be estab-
lished. Still, such variability presents a challenge when animal models are to be
compared with each other or to human disease. Third, the histological evaluation
of animal models is poorly standardized, confusing, and often misleading. It is the
purpose of this review to discuss the currently available models in light of these
considerations, and to present a strategy whereby nonpathologists may critically
evaluate published data as well as compare findings between models and between
laboratories. First, currently available animal models will be described. Second,
published findings based on these models will be briefly reviewed. Finally, the
histological evaluation of animal models will be reviewed, and suggestions for
standardization proposed.

2 The Gastric Helicobacter spp.

Since the first report of the culture of H. pylori (then Campylobacter pyloridis) in
1984 (MARSHALL and WARREN 1984), more than 20 Helicobacter spp. have been
described (BronspDoN et al. 1991; BUurRNENs et al. 1993: DewHIRsT et al. 1994;
EaTon et al. 1993; Fox et al. 1989, 1995, 1996a,b: FRANKLIN et al. 1996; HAN.-
NINEN el al. 1996; LEE et al. 1992; MenDES et al. 1996; PASTER et al. 1991;
STANLEY et al. 1993; TRIVETTMOORE et al. 1997). Helicobacter spp. have been
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isolated from all parts of the gastrointestinal tract and liver, culturable and un-
culturable species have been identified, and numerous schemes have been used to
classify these organisms. It is beyond the scope of this review to describe all of
these organisms and classification schemes. However, to properly evaluate animal
models of gastric Helicobacter at least a cursory discussion of the bacterial species
used is essential.

Taxonomically, Helicobacter spp. have been most commonly categorized based
on genetic methods, usually rRNA gene sequencing (DEWHIRST et al. 1994; DRAZEK
et al. 1994; EckrLoFF et al. 1994; FRANKLIN et al. 1996; Hook-NIKANNE et al. 1991;
LeE et al. 1992; SLy et al. 1993). This method has several advantages. It is available
to many laboratories, reproducible, and applicable to both culturable and uncul-
turable species. Classification based on rRNA homology is consistent and closely
parallels both biochemical methods of classification and DNA hybridization, and
thus this method has become the most widely used means of taxonomic classifi-
cation of Helicobacter spp. That said, rRNA gene sequence homology suffers from
the characteristic defect inherent in all classification schemes based on DNA se-
quence data: the relevance of these classifications to functional, biological char-
acteristics of the organisms in question is not always apparent. Fortunately, in the
case of Helicobacter spp., genetic classification does appear to be correlated with
biological differences between the strains most of the time. However, in order to
evaluate the pathological relationships between bacteria and host, phenotypic
characteristics of the bacteria are more likely to be biologically relevant. Thus, for
the purposes of this review, gastric Helicobacter spp. are discussed in groups based
on phenotypic characteristics.

Gastric Helicobacter spp. fall into roughly two groups based on differences in
morphology, host range, and pattern of colonization within the stomach. The first
group, the Helicobacter pylori-like organisms includes H. pylori (GoopwiN et al.
1989), H. acinonyx (EaToN et al. 1993), H. nemestrinage (BRONSDON et al. 1991),
and H. mustelae (Fox et al. 1989). These organisms are characterized morpho-
logically by small size (approximately 5um in length), one or two loose spirals,
and most commonly a single unipolar tuft of flagella (Fig. 1A). H. pylori-like
bacteria colonize the gastric mucus, surface epithelium and pits, but do not
penetrate far into the gastric glands. This group of Helicobacter spp. tends to be
host-specific. With few exceptions (see below), H. pylori is only found in the
human host, and H. acinonyx, H. nemestrinae, and H. mustelae have only been
described in their natural hosts (cheetahs, monkeys, ferrets, and mink). Indeed,
experimental colonization of aberrant hosts by this group of Helicobacter spp. is
difficult. Under some experimental conditions, some strains of H. pylori have been
shown to colonize some animal species (Fox et al. 1995; KAriTA et al. 1991;
Krakowka et al. 1987; MARcHETTI et al. 1995; LeE et al. 1997; see below), but
such colonization is bacterial strain-specific, and sometimes requires complex
manipulation and results in low colonization rates. Naturally occurring H. pylori
infection in nonhumans is sporadic and usually involves laboratory animal col-
onies with close contact with human workers and often without the normal
endogenous Helicobacter species (HANDT et al. 1994, 1995). Even in nonhuman
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primates, H. pylori of monkey origin is more infectious for monkeys than
H. pylori of human origin (EULER et al. 1990).

The second group of Helicobacter spp., the H. felis-like organisms, are rep-
resented by H. felis (PASTER et al. 1991), Gastrospirillum/H. heilmannii (McNuLTy
ct al. 1989; MEenDEs et al. 1990; SovLnick et al. 1993), and H. bizzozeronii (HAN-
NINEN et al. 1996). These organisms are longer than H. pylori (approximately
10 um) with more coils, and are sometimes tightly coiled or contain periplasmic
fibrils which encircle the organism under the outer membrane (Fig. 1B). They tend
to have bipolar tufts of flagella. In contrast to H. pylori-like bacteria, H. felis-like
bacteria are able to colonize deep in the gastric fundic glands and sometimes are
found actually within gastric parietal cell canaliculi as well as in the pits and gastric
mucus (EAron et al. 1996a). In addition, H. felis-like bacteria appear to have a
much wider host range than H. pylori-like organisms. Experimentally, H. felis easily
colonizes species as disparate as cats, mice, and ferrets (Fox et al. 1991a; LEEg et al.
1990; PastER et al. 1991), and colonization rates are often high. Nonculturable
organisms of the H. felis group isolated from baboons, humans, cats, and cheetahs
readily colonize mice (Dick et al. 1989; EaTon et al. 1993; Moura et al. 1993),
Furthermore, many carnivore and omnivore species support endogenous Gastro-
spirillum/H. heilmannii-like organisms (Curry et al. 1989; Eaton et al. 1993;
HEenry et al. 1987; HERMANNS et al. 1995; Lee et al. 1988; MENDES et al. 1990).
While these organisms are most often not culturable, and their identity cannot be
firmly established, their widespread distribution in nature suggests that they easily
colonize many different mammalian species.

A word about the genus and species designations of these organisms is in
order. Culturable species, such as H. pylori and H. felis, can be easily identified and
named. However, many of the H. felis group of organisms have not been cultured.
These organisms were originally called Gastrospirillum, Gastrospirillum hominis or
Gastrospirillum suis, and rRNA gene sequences from two of these, Gastrospirillum 1
and 2, have been determined and used to definitively classify these organisms as
Helicobacter spp. (McNuULTY et al, 1989; MENDES et al. 1990; SoLnick et al. 1993),
PCR amplification of rRNA sequences from tissue has also been used to propose
the name H. heilmannii for these unculturable organisms (SoLNnick ct al. 1993).
However, because many of them remain uncultured, definitive taxonomic classifi-
cation is not possible, For the purposes of this review, these unculturable organisms
of the H. felis group will be referred to as Gastrospirillum{H. heilmannii.

3 The Animal Models

The following discussion will list the animal models described as of this writing, and
will briefly describe them in terms of the host and bacterial species, method of
production, bacteriological and histological findings reported, and most frequent
use. Details of the individual models and studies using these models to investigate
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pathogenesis of disease will be described in later sections. The models are divided
according to bacterial species used (H. pylori-type vs H. felis-type). They are
summarized in Table 1.

3.1 Animal Models Using H. pylori-Type Bacteria
3.1.1 Gnotobiotic Piglets

Germ-free piglets are susceptible to colonization by H. pylori of human origin
(EATON et al. 1989; KrRAKOWKA et al. 1987). Piglets are derived by Caesarian section
and housed in germ-free sterile isolators. Between 3 days and 3 weeks of age,
piglets are challenged with a single dose of broth-cultured human . pylori. They
are susceptible to many different human-derived strains, and to doses as low as 10°
organisms (unpublished observations). All challenged piglets become infected, and
colonization ranges from 10° to I()gcfu,’g gastric mucosa depending on bacterial
strain and individual piglet (Eaton and KRAKOWKA 1992, 1996; EAToN et al. 1989,
1996b). Bacterial strains can be piglet-adapted to increase their colonization effi-
ciency (AKOPYANTS et al. 1995). Piglets remain infected for the duration of the
study (up to 90 days) and after removal to conventional housing (EATON et al.
1990).

Colonization results in chronic gastritis characterized by lymphocytes, plasma
cells, and mucosal and submucosal lymphoid follicles in the glandular gastric
mucosa (EAton and Krakowka 1992, 1996; EATon et al, 1989, 1990: KRAKOWKA
et al. 1987). Neutrophils (polymorphonuclear leukocytes, PMNs) may be present
early in infection or in piglets rendered immune by parenteral vaccination with
bacterial antigen prior to challenge (EATon and KRAKOWKA 1992). Gastric ulcers
have been reported in infected piglets (KrAakOWKA et al. 1995),

The piglet model has been most useful for studies of putative bacterial
colonization factors, such as urease, flagellin, and VacA cytotoxin (see below;
EATON 1992, 1994, 1997; EAtoN et al. 1989, 1991, 1995, 1996b). In addition,
piglets have been used for vaccination studies (Eaton and Krakowka 1992),
and for evaluation of the host immune response (KRAKOWKA et al. 1996).
Similar models include germ-free neonatal puppies (RADIN et al. 1990) and
barrier-raised, colostrum deprived piglets (ENGSTRAND et al. 1990), both of
which are susceptible to H. pylori of human origin. The puppy model has been
used to demonstrate the occurrence of oral-oral transmission of Helicobacter
spp. (RADIN et al. 1990).

3.1.2 Nonhuman Primates

Many different species of monkeys have been used to study gastric Helicobacter
Spp., but the macaque species are most commonly used (BASKERVILLE and NEWELL
1988; BRONSDON and SCHOENKNECHT 1988; DrRAZEK et al. 1994; Dugors et al. 1994,

Table 1. Commonly used animal models of Helicobacter-associated gastritis

References

Uses

Bacterial species Lesions

Host species
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1996; FULER et al, 1990; HAZELL et al. 1992; Shuto et al. 1993; TAkAHASHI ot al.
1993). These animals often carry naturally occurring gastric bacteria of both the
H. pylori-type (H. nemestrinae and H. pylori), and the H - felis type (C rastrospirillum/
H. heilmannii). Natural infection is associated with chronic superficial gastritis,
most severe in the antrum. Neutrophils and endoscopically identified erosions have
been described, but ulcers or histologically identified erosions have not. Experi-
mentally, uninfected rhesus monkeys are susceptible to . pylori of human or
monkey origin, although strains from monkeys colonize better than human strains
(Dusors et al. 1996; EuLer et al. 1990). Experimental inoculation with 10%-10°%fu
of H. pylori results in mild-moderate chronic gastritis which resolves after clearance
of infection either naturally or as a result of antibiotic therapy.

Nonhuman primates have been used to investigate the epidemiology and
transmission of gastric Helicobacter spp. (Dugois et al. 1995), the role of
Helicobacter spp. in hypochlorhydria (
the role of bacterial strain in virulence
tocols (STADTLANDER et al. 1996).

Dusois et al. 1991; TakAHASH] et al. 1993),
(Dugoss et al. 1996), and vaccination pro-

3.1.3 Domestic Cats

Normal domestic cats are almost universally colonized with endogenous H. felis-
type bacteria (see below), and do not h

arbor gastric bacteria of the H. pylori type
(Dick et al. 1989: Dick and LEE 1991; ELZAATARI et al. 1997; HERMANNS et al.
1995; LEE et al. 1988). However, some specific pathogen free colonies of laboratory
cats have been described which do not harbor H. felis-like bacteria (EaTon et al.
1993; HaNDT et al, 1994, 1995). These cats are susceptible to bacteria of the
H. pylori-type (H. acinonyx and H. pylori), either by natural or experimental in-
fection. Inoculation of approximately 10%cfu of 4. acinonyx (EATON et al. 1993) or
H. pylori (Fox et al. 1995) results in persistent colonization with H. acinon yx for up
to 11 months and with H. pylori for up to 7 months, Colonization by either bac-
terial species results in chronic lymphofollicular gastritis in the gastric antrum
characterized primarily by large mucosal lymphoid follicles.

3.1.4 Ferrets

Ferrets and mink are naturally colonized with A, mustelae
ganism (Fox et al. 1988, 1990, 1991a; Gorrrriep et al. 1990; Tompxins et al. 1988).
In ferrets, naturally occurring infection with H. mustelae results in chronic gastritis
characterized by primarily lymphocytic and plasmacytic inflammation in the gastric
fundus and antrum (Fox et al. 1988, 1990, 1991a; GorrrrIED et al. 1990). In-
flammation is most severe and widespread in the proximal antrum, and epithelial
necrosis, gland atrophy and gastric ulcers have been described. Fe
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which gastritis was not present. Host factors which may contribute to these dif-
ferences have not been explored (Tompkins et al. 1988).

Almost universal colonization of ferret colonies originally hindered evaluation
of this model, but H. mustelae-free ferrets have been developed, permitting use of
this model to examine the pathogenesis of Helicobacter-associated disease (Fox
et al. 1991a). Antibiotic treatment of dams throughout parturition and nursing has
resulted in the development of H. mustelae-negative offspring (Fox et al. 1991a)
which have been used to investigate the lesions caused by H. mustelae as well as the
roles of putative bacterial colonization factors (AnpruTIS et al. 1995, 1997).
H. mustelae-infected ferrets have been used lo investigate the effect of gastric
Helicobacter on gastric pH (Fox et al. 1991b) and gastric epithelial proliferation
(Yu et al. 1995), the epidemiology and transmission of gastric Helicobacter spp.
(Fox et al. 1992, 1993b), and treatment (ALDER et al. 1996; Otro et al. 1990) and
vaccination (CugeNca et al. 1996; Czinn and NEDRUD 1991) protocols. In addition,
ferrets have been used to evaluate the role of gastric Helicobacter in gastric carci-
nogenesis associated with cocarcinogenic agents (Fox et al. 1993). Of 10 infected
ferrets given a single oral dose of 50-100mg of MNNG, 9 developed gastric car-
cinoma, compared to 0/5 infected but untreated ferrets. This demonstrates that
MNNG is carcinogenic in H. mustelae-infected ferrets but the effect of MNNG in
uninfected ferrets has not yet been determined.

3.1.5 Mice

Early reports suggested that mice either were not susceptible to colonization by
H. pylori, or that colonization was sporadic, low, and not associated with gastritis
(CanrornA and Bavisa 1990; EHLERS el al. 1988; KAriTA et al. 1991; MARCHETTI
et al. 1995; McCoum et al. 1995a). However, recently it has been shown that some
strains of human H. pylori can be adapted to colonization of mice (LEE et al. 1997).
Particularly in C57BL/6 mice, one mouse-adapted strain reaches a high level of
colonization (107-10%fu/g gastric mucosa) and is associated with lymphoplas-
macytic and follicular gastritis, sometimes with neutrophils. Colonization and
gastritis are mouse-strain dependent (see H. felis models, below). Mouse models
have been used to evaluate bacterial colonization factors (GHIARA et al. 1995;
TeLrorD et al. 1994; Tsupa et al. 1994), treatment protocols (KAriTA et al. 1993;
McCoLm et al. 1995b), and the interaction of H. pylori with normal flora (KARITA
et al. 1994). Recently mouse H. pylori models have also been used in vaccination
studies (see “Host Response and Vaccine Development to Helicobacter pylori In-
fection,” this volume).

3.1.6 Other Rodents

Although only described in abstract form to date, it is likely that rats are susceptible
to mouse-adapted strains of H. pylori (BLANCHARD et al. 1996). Mongolian gerbils
have been reported to be susceptible to strains of H. pylori as well (MATSUMOTO
et al. 1997; Yokora et al. 1991) (also see note added in proof).
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3.2 Animal Models Using H. felis-Type Bacteria

3.2.1 Mice

Mice appear to be susceptible to all H. felis type bacteria evaluated including H. felis

and various isolates of Gastrospirillum|H. heilmannii (Dick et al. 1989; EaTon et al.
1993, 1995; LEE et al. 1990). Challenge with one to three doses of broth cultured
bacteria or gastric homogenate containing bacteria results in 100% colonization
with large numbers of bacteria and attendant lymphoplasmacytic, follicular, and
sometimes neutrophilic gastritis, ranging from minimal to severe, depending on the
mouse strain (MoHAMMADI et al. 1996b; SakAGAamI et al. 1996). Gastritis in mice
colonized with H. felis-type bacteria is more severe than gastritis due to H. pylori
(LEE et al. 1997).

Mice colonized with H. felis have been most often used for evaluation of

vaccination and treatment protocols (BLANCHARD et al. 1995a; CHEN et al. 1993:
CorTHESYTHEULAZ et al. 1995; Czinn et al. 1993; Doipce et al. 1994: FERRERO et al.
1994, 1995; Lee and CHEN 1994; LEE et al. 1995; MicHETTI et al. 1994; Pappo et al.
1995; RapcLipk et al. 1996a; see “Host Response and Vaccine Development to
Helicobacter pylori Infection this volume). However, the H. felis-mouse model also
offers potential for pathogenesis studies because of the intense inflammation as-
sociated with infection, the availability of mouse strains, mutants, and immuno-
logical reagents, and because of the observation that strains of mice differ in their
responsiveness to the same strain of Helicobacter (sce below). To date, mice colo-
nized with H. felis-type bacteria have been used to investigate normal immune
responses (BLANCHARD et al. 1995b; Fox et al. 1993a; MoHAMMADI et al. 1996a),
the role of interleukins in interleukin (IL) 6 and IL4 knockout mice (BROMANDER
et al. 1996; RApcLIFF et al. 1996b), the role of T cells in gastritis and protective
immunity (MonaMMADI 1997), the role of p53 in epithelial proliferation (Fox et al.
1996b), and the role of gastric acid in epithelial proliferation and distribution of
bacteria in the stomach (Danon et al. 1995).

In addition to gastric inflammation, mice colonized with H. felis-like bacteria
develop marked gastric epithelial proliferation often with epithelial metaplasia
(EATON et al. 1993, 1995; Fox et al. 1996b). This epithelial proliferation has been
used to investigate the potential ulcerogenic and carcinogenic effects of gastric
Helicobacter. 1t has been shown, for example, that gastric proliferative lesions due
to Gastrospirillhum/H. heilmannii increase susceptibility of mice to ulcerogenesis
(EAToN et al. 1995), demonstrating that gastric Helicobacter can act as a cofactor
for epithelial damage. Carcinogenesis studies in mice have been less successful in
demonstrating a role for Helicobacter in cancer. To date, neoplastic transformation
of proliferative lesions has not been described in mice, even when animals are
treated with the carcinogenic agents MNU (WANG et al. 1996) or MNNG
(Takanasul et al. 1996) (see note added in proof).
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3.2.2 Other Models

In nature, cats, dogs, pigs, wild carnivores, and many species of nonhuman pri-
mates are almost universally colonized by gastric bacteria of the H. felis group
(Curry et al. 1989; Dick et al. 1989; EaTton et al. 1993, 1996; HANNINEN et al.
1996; Henry et al. 1987; HErMANNS et al. 1995; Lee et al. 1988; MENDES et al.
1990; Otro et al. 1994). Because of the high prevalence of naturally occurring
colonization, evaluation of the role of these organisms in gastric disease is difficult.
Studies implicating H. felis-like organisms in gastric disease in both dogs and cats
have suffered from the lack of “normal” uninfected controls, hindering definitive
interpretation of the significance of the bacteria in disease (EAToN et al. 1996;
HerMANNS et al. 1995; Orro et al. 1994). Experimental colonization of natural and
aberrant hosts has been useful in demonstrating the role of the host in disease due
to gastric Helicobacter spp, however. For example, gastric Helicobacter spp which
cause severe disease in naturally infected cheetahs and experimentally infected mice
result in minimal disease in experimentally infected cats, indicating that host factors
have at least some role in determining discase severity (EaTon et al. 1993). In
general, however, experimental manipulation of these models which use outbred
hosts, undefined normal flora, and naturally occurring Helicobacter infection are
unwieldy and difficult to adequately control.

4 What Can We Learn from Animal Models?

Studies of disease due to gastric Helicobacter spp. in animal models fall into
roughly three categories: bacterial colonization factors, treatment and vaccination
studies, and pathogenesis of disease. Of these, animal models have been most
intensely used to study bacterial colonization factors and treatment and vaccination
protocols. Studies which involve pathogenesis of disease (including host and bac-
terial factors which contribute to disease) have been limited by variability in host
responsiveness to gastric Helicobacter spp., mentioned above, and by weaknesses in
histological evaluation of models, discussed below. The three types of studies are
discussed and their results summarized below.

4.1 Bacterial Colonization Factors

Bacterial factors which contribute to disease can be divided into colonization fac-
tors, which promote survival of bacteria in the host but do not necessarily con-
tribute directly to disease, and virulence factors, which contribute to disease in the
host. (For additional details on this subject see “Mechanisms of Helicobacter pylori
Infection: Bacterial Factors,” this volume) It is in the study of bacterial coloniza-
tion factors that animal models have been most useful. Inoculum dose and extent of
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resultant colonization (both cfu/g and number of animals colonized) are relatively

easily quantified in most animal models, allowing straightforward evaluation of

differential colonization by different bacterial strains. Recenl successes in genetic
engineering of bacteria, leading to bacterial “knockout” mutants with deletional or
insertional mutations in putative colonization factors of interest has led to several
studies which demonstrate the role of these colonization factors. Studies in piglets,
ferrets, and mice have demonstrated unequivocally that bacterial urcase is essential
for colonization by H. pylori (ANDRUTIS et al. 1995; EATON et al. 1991; Tsupa et al.
1994). Studies in piglets and ferrets have shown that expression of both flagellins A
and B is also necessary for colonization, but that bacteria that express Fla A, but
not Fla B may colonize, although at a lower efficiency than wild-type bacteria
(AnDRuUTIS et al. 1997: Eaton et al. 1996b). Studies in piglets have demonstrated
that, in contrast to urease and flagellin, bacterial cytotoxin (VacA) is not needed for
bacterial colonization (EaToN et al. 1997).
In addition to simple yes/no experiments in which the role of specified colo-
nization factors is determined, animal models have been useful in evaluating the
mechanisms by which colonization is promoted by colonization factors. In piglets,
it has been shown that while urease is essential for colonization, it may not be solely
because urease protects against gastric acid (Eaton and KrAKOWKA 1994). Al-
though in vitro urcase allows H. pylori to survive low pH more effectively (PErEZ
et al. 1992), elimination of gastric acid in vivo does not permit colonization by
urease-negative H. pylori, suggesling that urease must fulfill some other function in
colonization. Furthermore, it has been shown that colonization dependance on
flagella is not an all-or-none phenomenon. In ferrets, H. mustelae Fla A is more
important for colonization than is Fla B, suggesting that these flagellins have dif-
fering roles in promoting colonization (AnDRUTIS €t al. 1995). In addition, it is likely
that variation of expression of flagellin may determine virulence of some strains. In
germ-free piglets, piglet-passage and adaptation of H. pylori is accompanied by
continually increased expression of flaA by bacteria, suggesting that flagellin ex-
pression may be one mechanism whereby H. pylori adapts to its host (MANKOSKI
and EAToN 1997). Increased understanding of the genetics of H. pylori, identification
of putative colonization factors, and the published sequence of the H. pylori genome
(Toms et al. 1997) will greatly facilitate the study of colonization factors in vivo and
eventual understanding of the factors which allow bacterial colonization. Such
understanding could promote use of selected factors as therapeutic or vaccine tar-
gets. Already, urease is under development as a vaccine target (FERRERO et al. 1994:
MicHETTI et al. 1994; Parro et al. 1995). Other colonization factors may also prove
useful in treating or preventing H. pylori colonization in the human host.

4.2 Vaccine and Treatment Studies

Mouse models, primarily models which use H. Jfelis have been the most commonly

used for treatment and vaccination studies. H. Jelis has a similar antibiotic sensi-
tivity level to H. pylori, and mice infected with this organisms have been used as a
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screening model for drug efficacy studies (Dick and Leg 1991; Hook-NikANNE et al.
1996; Smith et al. 1997). Germ-free piglets infected with H. pylori, mice infected
with H. pylori, and ferrets infected with H. mustelae have also been used to screen
potential therapies (ALDER et al. 1996; KariTa et al. 1993; Otr1o et al. 1990;
KrAKOWKA et al. 1998). In piglets, patterns of antibiotic susceptibility are similar to
those in humans and incomplete clearance by antibiotic therapy results in recru-
descence of the organism occurs as it does in humans. This suggests that simple
treat and culture studies may not always be sufficient to demonstrate complete
efficacy (KrRAKOWKA et al. 1998).

Animal models have proven useful in evaluating vaccine efficacy for both
prevention and cure of gastric Helicobacter spp. The earliest studies in germ-free
piglets infected with H. pylori suggested that parenteral vaccination is ineffective
against subsequent infection with H. pylori, and that such vaccination might even
intensify host immune response to bacterial challenge (EaTon and KrRAKOWKA
1992). More recently it has been shown that oral vaccination of mice can both
protect some strains of mice against H. felis challenge, and cure established in-
fection (BLANCHARD et al. 1995a; CHEN et al. 1992; CORTHESYTHEULAZ et al. 1995;
CzinnN et al. 1993; DoipgGe et al. 1994; FeErrero et al. 1994, 1995; Leg and CHEN
1994; Lk et al. 1995; MicHeTT! et al. 1994; Pappo et al. 1995; RADCLIFF et al.
1996a). Either prior to challenge or following challenge with live bacteria, mice are
immunized orally with H. felis or H. pylori antigens mixed with cholera toxin, an
oral adjuvant. This model has been used to demonstrate protective efficacy of such
bacterial antigens as urease (FERRERO et al. 1994; LEE et al. 1995; MicHETTI et al.
1994; Papro et al. 1995) and heat shock protein (FERRERO et al. 1995). Its ad-
vantages include ease of use, relatively low cost, the potential for use of large
numbers of animals, and its effectiveness in preventing and curing infection. Its
disadvantage, however, is that it is not directly applicable to nonrodent mammalian
species because of the toxicity of cholera toxin in these species. Attempts to cir-
cumvent this difficulty using the less toxic E. coli labile toxin or low doses of cholera
toxin have so far shown only partial efficacy in oral vaccination of piglets, cats,
ferrets, and primates (Eaton, unpublished observations; BATCHELDER et al. 1996;
CueNca et al. 1996; Dusois et al. 1996; LEE et al. 1996; STADTLANDER et al. 1996).
In all studies, colonization density was diminished in vaccinated animals, but most
animals were not protected from challenge or cured of infection. Ongoing studies
evaluating different adjuvants, antigens, and vaccine protocols may prove more
successful (for additional details, “Host Response and Vaccine Development to
Helicobacter pylori Infection,” this volume).

4.3 Pathogenesis of Disease due to H. pylori

Investigations into the mechanisms whereby H. pylori causes disease include the
carcinogenesis studies in ferrets and mice, described above, and studies which in-
vestigate the host and bacterial factors which lead to gastritis and gastric damage.
Largely because of studies in animals it has become increasingly clear that differ-
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ences in disease severity associated with gastric Helicobacter spp. are attributable to
both host and bacterial factors. The role of the host is demonstrated by the fact that
different hosts colonized by the same bacteria develop very different manifestations
of disease. In an early study, cats and mice colonized with the same Helicobacter
spp. from cheetahs demonstrated marked differences in the severity and character
of gastritis (EAToN et al. 1993). Mice developed severe gastritis with gastric epi-
thelial proliferation and ulcers, similar to the original lesion in cheetahs. In con-
trast, cats showed only mild, lymphofollicular gastritis. Strains or populations of
animals may also differ in response to gastric Helicobacter spp. For example, some
H. mustelae-infected ferret colonies fail to develop gastritis (TOMPKINS et al. 1988).
The critical role of the host in determining severity of gastritis due to gastric
Helicobacter spp. is most clearly demonstrated in mice. Strains of mice vary greatly
in their response to the same strain of H. felis (MOHAMMADI et al, 1996b; SAKAGAMI
et al. 1996). Responder strains, such as C57BI/6 mice, develop severe gastritis, while
nonresponder strains (e.g., BALB/c) develop only mild or moderate gastritis.
Comparison between strains of mice infected with the same bacterial strains and
immunological manipulation of these mouse models will likely result in important
information regarding the host immune factors which contribute to differences in
host responses and ultimately in differences between humans infected with

H. pylori. (For additional details on host responses see chapter by BLANCHARD et al.

this volume.) Understanding these differences could allow physicians to predict

which infected individuals will respond with severe disease, thus allowing treatment

of only those individuals at risk for disease. Such understanding could also lead to

therapies designed to ameliorate the host response in those individuals in whom

treatment is unsuccessful,

In contrast to the role of the host, the role of bacterial factors has been more
difficult to demonstrate in animal models. Epidemiological studies clearly show
associations between severe manifestations of disease (such as peptic ulcer, neu-
trophilic gastritis, and cancer) and bacterial virulence factors such as those ex-
pressed in the cag-pathogenicity island (PAI; CRABTREE and FARMERY 1995) as well
as certain genotypes of vacA (ATHERTON et al. 1995). In vitro cell culture models
support the suggestion that cag-PAI proteins are associated with induction of IL§8
and thus neutrophils which presumably lead to severe disease in the host (CENSINI
et al. 1996; HuanG et al. 1995; TummMuURU et al. 1995). However, animal model
studies have been less definitive. In piglets, different strains of H. pylori appear to
lead to differences in severity of inflammation, but the specific bacterial factors
responsible for these differences have not yet been identified (EAton and
KRrAKOWKA 1996). Similarly, in mice, H. felis-type bacteria lead to more severe
disease than does H. pylori, but the pathogenesis of these differences are not known
(LEE et al. 1997; SAkAGAMI et al. 1996). Studies with bacterial mutants in piglets,
have shown that vacA does not lead to more severe disease in piglets, but cag-PAI
proteins have not yet been examined (EATon et al. 1997). Similar studies in mice
designed to determine the role of VacA are hindered by the lack of epithelial
changes in H. pylori-infected mice (GHiARA et al. 1995; TELFORD et al. 1994). In
general, the natural variability in host response to the same bacterial strain to some
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degree hinders evaluation of bacterial virulence factors in vivo. In pigs (EaToN and
KRAKOWKA 1992: EaTON et al. 1990), mice (EaTon et al. 1993, 1995), dogs (EaTON
et al. 1996), and probably most other species, severity of gastritis in individual hosts
varies markedly in response to the same bacterial strain. Thus, evaluation of large
numbers of animals is necessary to determine if differences are due to normal host
variation or to the bacterial strain used.

Taken together, pathogenesis studies in animals suggest that both host and
bacterial factors do contribute to disease severity, but the specific factors involved
remain unknown. Animal models are likely to prove useful in elucidating some of
these factors. However, standardization and improved interpretation of animals
models is essential if pathogenesis studies are to be useful in dissecting the mech-
anisms of disease due to H. pylori. First, the variability of individual host response
to gastric Helicobacter spp. greatly hinders direct eval uation of bacterial virulence
factors in vivo in any host species. Thus development of quantifiable markers of
severe disease is necessary. Second, as discussed below, histological interpretation
of animal models as currently practiced is fraught with inconsistencies and con-
fusion. Since pathogenesis studies require reliable histological evaluation, such
studies must be standardized.

5 Histological Interpretation of Animal Models

Studies of the mechanisms by which gastric Helicobacter spp. induce lesions in the
host are necessarily dependent on histological evaluation of those lesions. While
inflammatory cells and cytokines can be quantified by molecular and immuno-
logical methods, the actual effects of bacterial infection on host tissues must be
evaluated by microscopic examination of tissue. Most studies of pathogenesis
therefore use histological description and interpretation as part of their evaluation
of disease. Unfortunately, as currently practiced, histological evaluation of animal
models of H. pylori suffers from sufficient inconsistencies as to render many studies
uninterpretable, or at least not comparable between laboratories. Problems asso-
ciated with histological evaluation fall into two categories: (a) use of different
terminology by different investigators and (b) investigators who are inexperienced
or untrained in Helicobacter pathology. The following discussion provides exam-
ples of these and makes suggestions for improvement.

5.1 Terminology of Helicobacter-Induced Lesions in Animals

Lesions associated with gastric Helicobacter in animals include gastritis (inflam-
mation of the gastric mucosa), epithelial damage (including epithelial Necrosis,
erosion, and ulceration), epithelial atrophy, and proliferation (both neoplastic and
nonneoplastic) of epithelial and lymphoid tissue. Other lesions have been described,
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but these are the most common. The following discussion addresses each of these
terms, their varying definitions, and suggestions for standardization,

5.2 Gastritis

Gastritis may include a variety of cell types (Iymphocytes, plasma cells. neutrophils,
macrophages, mast cells, and others), variable numbers of cells, and variable pat-
terns or distributions of cells. Often, shorthand terms such as chronic gastritis
(meaning gastritis consisting mostly of lymphocytes and plasma cells), chronic
active gastritis (chronic gastritis which includes neutrophils), or lymphofollicular
gastritis (chronic gastritis which includes lymphoid follicles) are used. While these
terms may be useful in a clinical situation in which the clinician and pathologist
both use the same definitions of the words, they are less useful in experimental
studies which require precise descriptions. Terms such as “chronic active gastritis,”
for example, give no information as to the actual types of cells present (lympho-
cytes, plasma cells, and macrophages, for example), the relative numbers of cells
(mononuclear cells vs granulocytes), the pattern of distribution (widespread, mul-
tifocal, superficial or deep), or the presence of related changes (gland abscesses,
mucosal or submucosal lymphoid follicles). Furthermore, such terms do not indi-
cate the intensity of the inflammatory infiltrate. Similarly, “chronic gastritis” may
not distinguish diffuse, superficial lymphoplasmacytic gastritis from gastritis which
extends throughout the mucosa (Fig. 2), follicular gastritis, or even from hyper-
plasia of gastric mucosa-associated lymphoid tissue (Fig. 3). All four lesions
illustrated in Figs. 2 and 3 could legitimately be described as “‘chronic gastritis,”
but the character of the inflammation and pathogenetic implications vary widely
according to the different morphological appearances. Finally, the pattern of in-
filtration of neutrophils (“chronic active gastritis”) may differ resulting in differing
pathogenetic implications (Fig. 4).

5.3 Ulceration and Erosion

Epithelial ulceration is defined as a defect in the epithelium which extends through
the muscularis mucosae (CrRAWFORD 1994). Epithelial erosion is a defect which is
less deep. Currently, in the description of animal models of Helicobacter gastritis,
definitions differ as to what constitutes a true ulcer (breaching of the basement
membrane vs the muscularis mucosae, for example), and often definitions are not
clearly stated. Sometimes the words “ulcer” or “erosion™ are used to refer to the
macroscopic (endoscopic) appearance of a lesion, and histological correlates are
not described at all, hindering interpretation. Equally important, differences in the
morphology of epithelial defects (e.g., acute or chronic, inflamed or not) are rarely
described even though they may be pathogenically important. For example, in
piglets infected with H. pylori, epithelial damage ranges from vacuolation and
necrosis of single epithelial cells (EATON et al. 1997) to acute gastric ulcers char-
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Fig. 2A—C. Hematoxylin and eosin stained sections of gastric mucosa from gnotobiotic piglets. A Normal
gastric mucosa from an uninfected piglet. Most lamina propria nuclei are those of stromal cells (fibro-
blasts). B Mild superficial gastritis characterized by infiltrates of lymphocytes, plasma cells, and mac-
rophages in the superficial lamina propria (benwveen arrows) in a piglet infected with H. pylori. C Severe
transmural gastritis characterized by intense infiltration of lymphocytes, macrophages, and plasma cells
throughout the lamina propria (between arrows) in a piglet infected with H. pylori. Bars, T3pm

gnotobiotic piglets infected

Fig. 3A,B. Hematoxylin and eosin stained sections of gastric mucosa from
with H. pylori. A Well-developed mucosal lymphoid follicle characteristic of follicular gastritis. Bar,
105pm. B Submucosal lymphoid follicle (mucosa-associated lymphoid tissue), indicative of local immune
stimulation and often accompanied by gastritis. Bar, 370pm
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Fig. 4. Hematoxylin and eosin stained sections of gastric mucosa a gnotobiotic piglet infected with
H. pylori. Gastritis is characterized by scattered neutrophils in the lamina propria (arrews), These cells are
most likely in transit between the vasculature and the lumen. Bar, 48um. Inser, in this piglet neutrophils
cluster around individual gastric glands and are associated with destruction of epithelial cells (arrow), Bar,
28pum. The presence of inflamed glands (inset) as opposed to difTuse neutrophilic infiltration may have
pathogenetic significance and should be reporied

acterized by necrosis of the epithelium which extends to the muscularis mucosae
and is accompanied by marked inflammatory cell debris (KRAKOWKA et al. 1995).
These lesions are most suggestive of a response to a surface epithelial insult. In
contrast, erosions and ulcers associated with . heilmannii infection in BALB/c
mice are characterized by acute coagulation
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1995). For proper interpretation, of pathogenetic
escription of such lesions is necessary to allow
evaluation. In many cases, not only are histological lesions not
preted, but they are not examined. For example, in some studies, erosions are
identified based on macroscopic findings alone, and histopathology is not de-
scribed, precluding definitive interpretation (TAKAHASHI et al. 1993). Finally, it
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should be noted that although gastric ulcers and erosions have been described in a
number of different animal models, peptic ulcer disease, characterized by chronic
persistent ulcers of the duodenal bulb as seen in H. pylori infected persons, has not
been described in any animal model.

5.4 Atrophy

Atrophic gastritis is an important lesion in human patients with H. pylori, and it
has been suggested that atrophy represents a precursor to gastric carcinoma (Co-
RrREA 1992). For that reason, diagnosis of atrophy has become important in animal
model development. Atrophy is defined as loss of tissue. Unfortunately, because
such loss or absence can be due to a number of causes, many different lesions are
identified as atrophy. Figure 5 illustrates epithelial atrophy due to displacement of
glands by inflammatory infiltrate. The glands which were present are no longer
there, and thus this lesions fits the technical definition of atrophy. However, in this
case the loss of tissue is clearly secondary to the massive inflammatory infiltrate.
Thus, identification of this lesion as atrophy may be somewhat misleading. Gas-
tritis with displacement of glands would be a better diagnosis.

A second lesion which is sometimes identified as atrophy is illustrated in Fig. 6.
In this case, the glands are present, but the gastric parietal and chief cells have

g i

(o OY P

Fig. 5. Hematoxylin and eosin stained section of gastric mucosa from a mouse infected with Gastro-

spirillum] H. heilmannii. Massive inflammatory infiltrate displaces gastric glands (arrows). Bar, 53um
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Fig. 6. Hematoxylin and eosin stained section of gastric mucosa from a mouse
spivillienH. heilmannii. Normal fundic glands surround a metapl
and chief cells have been replaced by mucus cells. Bar, 30pm

Fig. 7. Hematoxylin and eosin stained section of gastric mucosa from a mouse infected with Gasiro-
spirillum(H. heilmannii. Gastric glands are sparse, and sep:
inflammatory cells. Bar, 47um

infected with Gastro-
astic gland (arrows) in which parietal

rated by connective tissue stroma and a few

disappeared and been replaced with mucus cells. This is a common lesion in mice
infected with H. felis-type bacteria. The lesion technically meets the definition of
atrophy (of parietal cells rather than entire glands, in this case), but because the
gland is still present a less misleading description of this lesion is metaplasia, or
change, of one gland type (fundic, containing many parietal and chief cells) to
another (cardiac, with mostly mucus cells). This type of metaplasia must be dis-
tinguished from intestinal metaplasia, a preneoplastic lesions in human stomachs
(CorrEA 1992),

Finally, Fig. 7 illustrates another form of atrophy. In this case, entire glands
are missing and are replaced primarily with fibrous connective tissue stroma. In-
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flammatory cells are present, but do not obscure the lesion as in Fig. 5. This is likely
“true” atrophy, in which damage to glands has lead to their eventually disap-
pearance without replacement by glandular tissue or inflammation (APPELMAN
1994: Dixon et al. 1996). This lesion is occasionally seen in mice infected with
H. felis-type bacteria, and may be analogous to the atrophic gastritis described in
H. pylori infected persons.

It is worth noting that the confusion surrounding the definition of atrophy in
animal models is also reflected in human medicine. At least one study has shown
that concordance between diagnoses of different pathologists is good with respect
to gastritis, but poor with respect to atrophy (EL-ZiMAITY et al. 1996). This is likely
due to varying definitions of atrophy (ApPELMAN 1994; EL-ZimalTy et al. 1996).
Attempts by pathologists to adhere to stringent criteria appear to improve con-
cordance (ANDREW et al. 1994).

5.5 Neoplasia

Because H. pylori has been associated with both gastric carcinoma (PARSONNET
et al. 1991) and gastric mucosa-associated lymphoid tissue lymphoma (PARSONNET
et al. 1994), there is a great deal of interest in gastric cellular proliferation in animal
models. Proliferative lesions of both epithelium and lymphoid tissue are most
common in mice (EATON et al. 1993, 1995; Enno et al. 1995; Fox et al. 1996b). In
mice of all strains chronic infection with bacteria of the H. felis group causes focal
polypoid proliferations of gastric mucosa with loss of parietal cells, hyperplasia and
disorganization of mucus neck cells, and often accompanied by lymphoceytic or
follicular inflammation. Lymphoid proliferation, often extending throughout the
lamina propria, submucosa, and sometimes extending into the muscularis, is also
common in these animals. Unfortunately, definitive diagnosis of neoplasia as op-
posed to hyperplasia in these lesions is difficult and subjective.

Neoplasia is a functional condition, rather than a morphological one. A
neoplastic cell is one that is no longer under growth control. Because this change is
functional, it cannot be easily identified by morphological methods. Only func-
tional evaluation (eg, evidence of metastasis, growth in culture, evidence of clon-
ality) can definitively identify a lesion as neoplastic.

The Helicobacter-associated proliferative changes described in animals to date
have all been either benign, or not clearly malignant based on functional criteria. In
the case of epithelial proliferations it may be possible to devise morphological
criteria for recognition of neoplastic change once sufficient numbers of animals with
tumors have been examined. However, because of the unique characteristics of
lymphoid proliferative lesions, it is likely to be difficult if not impossible to dis-
tinguish them on the basis of morphology. In order to diagnose lymphoma with
certainty, functional criteria will be necessary.
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5.6 Standardization of Terminology

As illustrated by the foregoing discussion, standardization of terminology used to
described animal models of Helicobacter gastritis is necessary to allow comparison
between studies. In all cases descriptions of gastritis should include the types of
inflammatory cells present, associated lesions, and some at least semiquantitative
estimate of their relative prominence and distribution. Lymphoid follicles should be
described as mucosal (indicating inflammation), or submucosal (indicating immune
stimulation of the mucosa-associated lymphoid tissue). In addition, indications of
severity, pattern (diffuse vs follicular) and distribution of inflammation (multifocal
vs. widespread) should be included. Cells may be counted or semiquantified, but the
quantification scheme should be clearly described. For description of epithelial
damage, the terms ulcer and erosion should be defined and used appropriately. In
all cases the presence of epithelial defects should be confirmed by histological
examination, and the morphological appearance of the defects (depth, chronicity,
associated changes such as inflammation or epithelial response) should be described
and illustrated. Other lesions should be defined and described fully. Atrophy must
be defined, preferably as loss of glands with replacement by fibrosis (Dixon et al.
1996), and criteria for diagnosis of malignancy must be clearly stated, Finally,
photomicrographs should be included which illustrate the salient features of the
lesions described as closely as possible. The publication of photographs which are
inadequate to illustrate the lesions described (MARrcHETTI et al. 1995; TELFORD et al.
1994) should be discouraged.

In addition to standardization of terminology, care must be taken to distin-
guish between artefactual or postmortem autolytic changes in tissue and those
changes which represent true Helicobacter related pathologies. These two classes of
changes can often be distinguished from ecach other by a careful examination of the
surrounding tissue to discern the context of the changes. For example acute ne-
crosis of epithelium may not by itself be distinguishable from postmortem autolysis,
but dilation of adjacent glands with flattening of the epithelium and/or presence of
inflammatory cells and/or proliferative cellular responses would be consistent with
Helicobacter associated pathology whereas absence of any adjacent tissue changes
would be more consistent with postmortem autolysis.

5.7 Species Differences

A final issue is animal species and strain variations in interpretation of gastric
lesions. One example of this is the presence of lymphoepithelial lesions (clusters of
neoplastic lymphocytes within gastric epithelia) which may represent low grade B
cell mucosa-associated lymphoma tissue lymphomas in humans (Isaacson 1994) or
mice (Enno et al. 1997) but are much more likely to be of T cell origin in dogs
(FrRENCH et al. 1996; STEINBERG 1995). Another example involves the diagnosis and
interpretation of neutrophilic gastritis in mice. It has been known for some time
that mice respond easily with neutrophilic gastric inflamation and that this response
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can be mouse strain dependent (MARLEY et al. 1994). In BALB/c mice neutrophilic
infiltrates in specific pathogen free mice are generally mild and do not interfere with
interpretation in Helicobacter-infected animals (EATon et al. 1993). However, in
C57BL/6 mice high background neutrophilic inflammation of unknown ctiology
may occur in animals with no known Helicobacter infections. While the causes of
this inflammation are unknown, housing conditions and the background “normal”
bacterial flora may contribute. It is important, however, to recognize that animal
species and strain differences do exist when evaluating Helicobacter associated
gastric lesions in animal models.

6 Conclusions

Several excellent animal models of H. pylori gastritis are currently available. Dif-
ferent host and bacterial species offer models with varying characteristics which
present opportunities to study different aspects of disease. To date, animal models
have been instrumental in promoting our understanding of aspects of H. pylori-
related disease as disparate as bacterial colonization factors, therapeutic strategies,
and host and bacterial interactions. Use of these models continues to hold promise
for furthering our understanding of these and other aspects of Helicobacter-asso-
ciated gastric disease. Standardization of methods for evaluating animal models of
disease will be increasingly important as we seek to compare models, and to use
animal model studies effectively to further our understanding of the pathogenesis of
human disease.

Note added in proof. The study of animal models of H. pylori has advanced rapidly. Since submission of
this review, a number of important developments have been published, including the colonization of rats
by H. pylori of human origin (L1 et al. 1998), the use of interleukin-deficient “knockout” mice for
determination of the role of host response in helicobacter-associated gastritis (BErG et al. 1998), and the
description of gastric ulceration and cancer in Mongolian gerbils infected with 1. pylori of human origin
(Suciyama et al. 1998; WATANABE et al, 1998). New models should be interpreted in light of the histologic
considerations described in this review, particularly with respect to the large variation in interpretation of
histologic lesions related to carcinogenesis.
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1 Introduction

The pathogenesis of Helicobacter pylori can be described in three steps: (a) gain of
entry and colonization of the unique niche of the human gastric mucosa; (b)
avoidance, subversion, or exploitation of the nonspecific and specific human im-
mune system; and (c) multiplication, tissue damage, and transmission to a new
susceptible host or spread to adjacent tissue (FALkow 1991, 1997) (Fig. 1). A vir-
ulence factor is a gene product involved in one or more of these steps. To properly
assess whether a particular gene is involved in virulence, the candidate gene must be
cloned, disrupted in H. pylori and be shown to have reduced virulence in an
appropriate animal model. This is best determined by testing the interaction of
H. pylori with human gastric epithelial cells or phagocytic cells or by assessment of
infection in H. pylori animal models. Finally, “molecular Koch’s postulates”
(FaLkow 1988) can be completed by cloning the wild-type gene into a shuttle
plasmid, which should then complement the H. pylori chromosomal defect,
resulting in recovery of virulence.

The problem with this approach in H. pylori is that shuttle plasmids have only
recently been constructed (LEE et al. 1997; H. Kleanthous, personal communication)
and these reagents are not yet widely available. Another problem is that animal
models currently available, including cat, gnotobiotic piglet, nude mice, transgenic
mice and other mice (Krakowka et al. 1987, 1995; EATON et al. 1989; MARCHETTI
etal. 1995: DraAZEK etal. 1994; FaLk et al. 1995; KAriTA et al. 1991; Tsuba et al. 1994;
Fox et al. 1995), are not conducive to studying large numbers of H. pylori virulence
factors. Limited by resources and small numbers of animals per experiment, in-
vestigators have used tissue culture lines, including Kato IT1, ST42, AGS, and Int-407,
which may not be representative of the in vivo environment of the gastric mucosa. Use
of freshly isolated human primary gastric epithelial cells has been achieved (CLYNE
and DrRumM 1993; Smoot et al. 1993), but has been only rarely used to study virulence
factors of H. pylori (Smoort et al. 1996; HARRis et al. 1996). Finally, freshly isolated
human neutrophils and monocytes for H. pylori studies have been used and should
perhaps be more widely used to study large numbers of potential virulence factors.

H. pylori has adapted itself to survive in the normally hostile, extremely acidic
environment of the human stomach. Thus it does not have to compete with other
bacterial species in this unique environmental niche, and to be successful H. pylori
needs only to overcome host innate and acquired immune defense mechanisms. For
example, the acid-sensitive H. pylori must survive the acidic environment of the
stomach and not be washed away into the intestines by peristalsis. Upon encoun-
tering the gastric mucosa, H. pylori apparently swims through the gastric mucus,
propelled by its polar flagella, and adheres to gastric epithelial cells. This is
achieved via H. pylori adhesins interacting with host cell receptors. During the
adhesion process, H. pylori has a predilection for intercellular junctions of gastric

epithelial cells (Dick 1990; NoacH et al. 1994; Bope et al. 1988). Entrance of

H. pylori into gastric epithelial cells (NoacH et al. 1994; BobDE et al. 1988) or into
gastric epithelial cell lines (CRABTREE et al. 1994) is rare and does not appear to be a
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feature of its pathogenesis. H. pylori also induces gastric epithelial cell microvilli
damage, weakening of tight junctions, degeneration of the actin cytoskeleton, for-
mation of adherence pedestals, and depletion of mucus granules and mucus in a
manner similar to enteropathogenic Escherichia coli (SmooT et al. 1993; Bopek et al.
1988; NoacHet al. 1994; SEGcALetal. 1996). Tyrosine phosphorylation of host proteins
may occur during intimate attachment (SEGAL et al. 1996, 1997; AtnARrA et al. 1997).

During the adhesion of H. pylori to gastric epithelial cells, an intense inflam-
matory response is generated due to unidentified /. pylori virulence factors. The
cytokine interleukin (IL)-8, a chemotactic factor for human neutrophils, is secreted
by gastric epithelial cells. This leads to infiltration of neutrophils and monocytes into
the gastric mucosa, causing inflammation and mucosal damage (Bope et al. 1988;
Goopwin et al. 1986; Mar et al. 1991). As H. pylori adheres to and is phagocytosed
by neutrophils and monocytes, H. pylori must survive this onslaught of phagocytic
cells and their intracellular reactive oxygen intermediates. It is thought that chronic
inflammation leads to further tissue damage that manifests itself as a duodenal or
gastric ulcer and predisposes patients to developing gastric adenocarcinoma
(Bope et al. 1988; Goopwin et al. 1986; Mai et al. 1991). This damage may help the
organism to be transmitted to a new host via fecal-oral or oral-oral routes.

The recent sequencing of the entire genome of H. pylori strain 26695 (Toms
et al. 1997; http://www.tigr.org/tdb/mdb/hpdb/hpdb.html) represents an out-
standing new resource that provides researchers with the opportunity of targeting
specific putative virulence genes that have strong orthologs (sequence homology
not experimentally confirmed) with known virulence factors from other bacteria.
We will highlight features of the genome that may be relevant for pathogenesis
studies.

2 Urease: Required for Virulence

In the study of bacterial pathogenesis, a successful infection requires that the
bacterium colonizes the host, avoids host defense, and damages host tissues (Fig. 1).

<

Fig. 1A-C. Roles of H. pylori virulence factors in various stages of infection and disease. A Colonization.
Urease and fagella are required for colonization of the gastric mucosa by neutralizing acid and by
allowing I7. pylori to swim to the gastric mucosa, respectively. Adherence factors and proteins involved in
iron acquisition may also play a role in colonization. B Avoidance of host defense. Urease is required to
avoid host defenses by increasing gastric pH and, through antigenic shedding, by binding to secretory
immunoglobulins. Flagella are required for avoidance of peristalsis. LPS, outer membrane proteins
(O M Ps), catalase, and superoxide dismutase may also be involved in avoidance of host defenses by host
mimicry, phase and antigenic variation, and survival from phagocytic cells. C Multiplication and damage
to host. Urease and vacuolating cytotoxin cause significant damage to host cells. Urease-generated am-
monia also serves as a nitrogen source. LPS may give rise to antibodies that cross-react with host
glycoconjugates. Proteins within the cag pathogenicity island are necessary for IL-8 induction by gastric
epithelial cells and for tyrosine phosphorylation of host proteins. Other bacterial molecules involved in
this process could be hemolysins and other secreted proteins. IL-8 recruits phagocytic cells to the site of
infection. Cytokines released by the phagocytic cells may lead to additional damage to host tissues
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Arguments can be made for urease to be placed in all three categories, and therefore
urease may be considered central to the pathogenesis of gastritis and peptic ulcer
disease caused by H. pylori. H. pylori produces copious amounts of urease, which
hydrolyzes gastric urea to ammonia (OwenN et al. 1985). Urease is a nickel-con-
taining high molecular weight enzyme composed of UreA and UreB subunits and
accounts for 5-10% of the total cellular protein of H. pylori (Hu and MoBLEY 1990;
Crayton et al. 1990; LABIGNE et al. 1991; Dunn et al. 1990; Evans et al. 1991;
BAUERFEIND et al. 1997 reviewed by MoBLEY et al. 1995).

2.1 Colonization of the Host

H. pylori is not acidophilic and is sensitive to low pH (BAuERFEIND et al. 1997),
unless urea is present (MARSHALL et al. 1988). Upon initial encounter with the
stomach, H. pylori may be only transiently exposed to an acidic environment.
Urease, through hydrolysis of urea to ammonia, serves to protect the bacterium by
locally neutralizing the acid in its microenvironment. The ammonia can neutralize
gastric acid and provide the bacterium time to safely traverse the mucus layer and
colonize the surface of the epithelium. While this mechanism may come into play, it
clearly does not represent the whole story on the role of urease as evidenced by a
number of animal infection studies.

2.1.1 Urease-Negative Mutants in Animal Models of Helicobacter Infection

The role of H. pylori urease in colonization has been assessed by testing the viru-
lence of a urease-negative mutant of an H. pylori strain, generated by mutagenesis
with nitrosoguanidine, in the gnotobiotic piglet model of gastritis (EATON et al.
1991). The mutant, which retained only 0.4% of the urease activity of the parent
strain was unable to colonize any of ten orally challenged piglets as assessed at 3 or
21 days after challenge and no pathology was observed in these piglets. In contrast,
the parent strain successfully colonized all seven piglets and elicited gastritis. Since
complementation techniques are only recently available, it was not possible to
determine whether additional defects were present in the nitrosoguanidine-mutated
H. pylori strain assayed in the piglet. Additional insight, however, was gained in
subsequent experiments (EAaToN and Krakowka 1994) in which an isogenic urease-
negative mutant (ureG::Km) was used for challenge. Piglets, treated or not with the
proton pump inhibitor omeprazole to prevent acid secretion, were challenged with
parent and mutant strain. The parent strain colonized normally in numbers ranging
from a mean log;y CFU of 4.4-6.9. This urease-negative mutant was unable to
colonize the gastric mucosa at normal physiological pH and was recovered only in
low numbers (mean log;y CFU <2) from omeprazole-treated, achlorhydric piglets.
The results confirmed that urease enzymatic activity and not simply the inactive
apourease protein is essential for colonization. The low capacity to colonize
achlorhydric omeprazole-treated piglets suggests that an active urease may also
have additional roles necessary for colonization beyond raising gastric pH. Other
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urease-negative mutants of H. pylori also fail to colonize the gastric mucosa of nude
mice (Tsupa et al. 1994) and Cynomolgus monkeys (TAkanAsHI et al. 1993).

The neutralization of acid appears to be most critical at the time the inoculum
is introduced into the gastric mucosa. During the development of acute gastritis,
patients can become achlorhydric, demonstrating that acid neutralization does
occur. However, after the establishment of chronic gastritis, essentially normal
gastric acid output is observed (McCorLm et al. 1993). Ferrets with established
H. mustelae infections were administered flurofamide, a powerful urease inhibitor.
Urease activity was inhibited, yet under these conditions, colonization persisted,
suggesting that high levels of urease activity are not as critical during this phase of
infection (McCoLM et al. 1993). Production of the enzyme, however, still must be
essential since isolation of spontaneous urease-negative mutants from fresh gastric
biopsies has not been documented in the literature.

2.1.2 Urea as a Nitrogen Source

For survival, it may not be sufficient for the bacterium to use urease simply to
neutralize acid. The enzyme also provides a nitrogen source for protein synthesis.
The recent description of the gene for glutamine synthetase (g/nA; GARNER et al.
1998) supports the concept that urea-derived ammonium ions can be added to
glutamate to make glutamine, which, in turn, can be directly incorporated into
protein or converted into other amino acids. This is supported by the finding that
urea nitrogen, following incubation with H. pylori, ultimately appears in protein
(HazeLL and Menpz 1993). Therefore, a key role for the urease may be a nutri-
tional one and in the absence of an active enzyme, the organism may starve for
nitrogen. Furthermore, it has been suggested that H. pylori has a urea cycle
(Menpz and HazeLln 1996), which may allow very tight control over nitrogen
metabolism. An enzyme activity involved in urea production, arginase, has been
observed in H. pylori. Interestingly, elevated levels of host arginase activity have
been observed in gastric cancers (Wu et al. 1996), although at present this is only a
correlation.

2.2 Avoidance of Host Defense: Antigenic Shedding of Urease

There is evidence that urease makes its way to the cell surface of H. pylori in
both stationary phase cultures (DUNN et al. 1990; Evans et al. 1991) and in vivo
(Dunn et al. 1997). The enzyme is not covalently attached to the cell as it can be
eluted from the surface in vitro under conditions of low ionic strength (Dunn et al.
1990). Since free urease has been localized within gastric tissues by immunohisto-
chemical staining (MAI et al. 1992), it is certainly feasible that the protein is shed
from the surface in a continuous fashion. This may serve as a means of avoidance
of host defense. Secretory immunoglobulin that specifically recognizes and binds to
urease could be rendered useless by losing the association of the immune complex
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urease shedding is unclear, but may involve autolysis of some portion of the
population (PHADNIS et al. 1996; Dunn et al. 1997) or an active transport process
(VANET and LABIGNE 1998).

2.3 Damage to Host Tissues

2.3.1 Direct Toxicity to the Host

In addition to the survival benefit of expressing urease, there is evidence that
ammeonium hydroxide, generated by urea hydrolysis, contributes significantly to
histological damage (Smoot et al. 1990; BARER et al. 1988; Xu et al. 1990). It should
be emphasized that ammonium ion per se is not toxic but rather damage results from
the hydroxide ion generated by the equilibration of ammonia with water. It has also
been postulated that ammonia produced by urea hydrolysis has an additional effect:
it may interfere with normal hydrogen ion back diffusion across gastric mucosa,
resulting in cytotoxicity to the underlying epithelium (HAzeLL and Leg 1986).

2.3.2 Damage to the Host Induced by the Immune Response

Urease activity may also be responsible for damage to the gastric epithelium via its
interaction with the immune system. H. pylori whole cells can stimulate an oxidative
burst in human neutrophils (N1ELSEN and ANDERSON 1992). The urease enzyme itself
can cause activation of monocytes and polymorphonuclear leukocytes and recruit-
ment of inflammatory response cells, resulting in indirect damage to the gastric epi-
thelium. Water extracts of H. pylori, known to contain urease in high concentration
can activate monocytes by an LPS-independent pathway (Mai et al. 1991). In vitro
stimulation of human monocytes led to secretion of inflammatory cytokines and
reactive oxygen intermediates, all of which may be involved in mediating the
inflammatory response in the gastric epithelium. Further investigation has shown
that sonicates of H. pylori strains could prime and also cause direct activation of the
oxidative burst in human neutrophils and monocytes (NIELSEN and ANDERSON 1992).
Both properties were present in two separate molecular weight size ranges, which did
not preclude the UreA subunit of urease. In contrast, it was reported that purified
urease could not stimulate natural killer cell activity of isolated granular lymphocytes
directly, unlike complete cells of H. pylori (TARKKANEN et al. 1993). This finding
suggests that such damage caused by urease is by its interaction with cells responsible
for cellular inflammatory signaling, rather than with the cytotoxic cells themselves.
There is also evidence of urease or urease-containing fractions from H. pylori
acting as chemotactic factors for leukocyctes, causing further local inflammation
(CraAIG et al. 1992; Mar et al. 1992). Such chemotactic activity for human mono-
cytes and neutrophils was present in purified urease samples, and could be inhibited
by specific antibody to the UreB urease subunit. Further, a twenty amino acid
peptide based on the amino terminus of the UreB subunit protein also exhibited
similar levels of chemotaxis in a microchamber test system. Immunocytochemical
staining showed urease closely associated with the crypt cells in the lamina propria




162 D.J. McGee and H.L.'T. Mobley

of patients with duodenal ulcers. It is postulated that urease is absorbed into the
mucosa where it attracts leukocytes and causes mucosal inflammation.

Thus, urease, by a variety of mechanisms, may be at least partly responsible for
the initial recruitment of monocytes and neutrophils, and further activation and
stimulation of the immune system to produce the local inflammatory lesion asso-
ciated with H. pylori infection.

3 Motility: Required for Virulence

Since H. pylori is not an acidophile, the organism must move away from the acidic
gastric environment to the more pH neutral environment of the gastric epithelium.
The organism also needs to move through the viscous gastric mucous layer so that
H. pylori can encounter the gastric epithelial cell surface. This movement is
accomplished through the production of flagella and a chemotactic response, which
involves over 40 genes (Toms et al. 1997). The presence of a chemotactic response
suggests an elaborate motility response to environmental conditions in vivo
(JAcksoN et al. 1995). H. pylori cells have four to six unipolar flagella which are
surrounded by a membranous sheath (Ges et al. 1989; SUERBAUM 1995). Flagella
are the subcellular structures involved in motility and are composed of flagellin
