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Preface 

Helieobaeter pylori has recently been recognized as a new genus according to 
specific taxonomic criteria; the "popular" name Campylobaeter pylori has been 
corrected by scientific progress. Following the discovery of the spiral microorgan
ism in gastric mucosa by Marshall and Warren in 1982, it took only a few years for 
H. pylori to become established as a factor in the pathogenesis of gastritis and 
peptic ulcer disease. Interest in different aspects of H. pylori has grown 
continuously and has attracted scientists from various medical and biological 
disciplines such as gastroenterology, microbiology, pathology, immunology, and 
pharmacology. Indeed H. pylori provides an excellent model for interdisciplinary 
interaction and cooperation. To promote this concept of interdisciplinary 
research and exchange of knowledge, a European Campylobacter (Helicobacter) 
Pylori Study Group was founded in 1987 in Copenhagen. The second meeting of 
this expanding group was held from October 12-14,1989 in Ulm, FRG. The fact 
that more than 500 participants attended the conference and that 187 original 
contributions from all five continents were presented clearly confirmed that 
H. pylori has "scientifically infected" the whole world. Our understanding of the 
microbiological and pathogenetic aspects of H. pylori is continuously being 
challenged as new results follow swifthy from different research areas. This book 
includes an update and progress report on the various aspects of H. pylori 
presented and discussed in special workshops held during the meeting in Ulm. The 
topics covered in the book, written by leading scientists in this field, include 
microbiological features of H. pylori, its pathogenic mechanisms, interactions 
with the immune system, the response of the gastroduodenal mucosa to infection, 
morphological patterns of gastritis, the role of H. pylori in peptic ulcer disease, 
and attempts at curative treatment. Active researchers in this field and clinicians 
operating in the area of gastroduodenal diseases should find this book a source of 
practical and stimulating information. 

Finally, we would like to thank all those colleagues who contributed to this 
work for their efforts in helping to provide current knowledge in this rapidly 
evolving area in time. 

Ulm, 15th March 1990 PETER MALFERTHEINER . HANS DITSCHUNEIT 
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Taxonomy of Helicohacter pylori and 
Related Bacteria 

C. S. GOODWIN 

In April 1982, in the Microbiology Department of Royal Perth Hospital, Perth, 
Western Australia, endoscopic biopsy specimens of human gastric mucosa were 
cultured and yielded a microaerophilic, curved organism which was named 
Campylobaeter pyloridis [9]. The specific epithet was grammatically incorrect, and 
the name was corrected to Campylobaeter pylori [8]. However, the ultrastructure 
of C. pylori and its fatty acid composition were found to be remarkably different 
from Campylobacters [3]. Four studies of rRNA sequencing have shown clearly 
that c. pylori does not belong in the genus Campylobaeter [6, 11-13]. These 
studies indicated that C. pylori is nearer to Wolinella sueeinogenes, but two of the 
studies noted sufficient differences between W sueeinogenes and C. pylori to 
justify separate genera [6,12]. Owen [10] has identified 14 phenotypic differences 
between C. pylori and W sueeinogenes which indicate that these species should be 
in separate genera. 

Very recently, detailed analysis of five major groups of taxonomic features of 
these bacteria (ultrastructural features, cellular fatty acid profiles, respiratory 
quinones, growth characteristics, and enzyme capabilities) have revealed many 
differences between C. pylori and W suecinogenes, so that a new genus name has 
been suggested, Helieobaeter pylori [4]. In this paper I will delineate these studies. 

Ribonucleic acid sequencing of uFlexispira rappini" has indicated a close 
relationship between this organism and H. pylori. However, uF. rappini" is not a 
spiral organism, although it is urease positive. We have also described chemotax
onomic differences between H. pylori and UF. rappini" which confirm that the 
latter should not be in the same genus as H. pylori [4]. 

From the stomachs of ferrets a spiral organism similar to H. pylori has been 
isolated which is also urease positive, and was originally named Campylobaeter 
pylori subsp. mustelae. However, in Perth, our DNA-DNA hybridization studies 
yielded a low degree of homology, indicating a more distant relationship than at 
the subspecies level. Other important taxonomic features distinguish H. pylori and 
the ferret organism, and the latter was elevated to species status as Campylobaeter 
mustelae [2]. This organism is now the second member of the Helieobaeter genus as 
Helieobaeter mustelae. The new genus name Helieobaeter reflects the two 
morphological appearances of the organism, helical in vivo, but often rodlike in 
vitro (bakter, a staff). The name Helieobaeter is partially similar to Campy
lobaeter, and is euphonious. 

Microbiology Department, Faculty of Medical and Health Sciences, UAE University, 
PO Box 15551, AL AIN, United Arab Emirates 

Helicobacter pylori, Gastritis and Peptic Ulcer 
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4 c. S. Goodwin 

From Perth we published the cellular fatty acid profiles of spiral, urease
positive, microaerophilic organisms from the stomachs of monkeys and a pig [5]. 
The profiles of all these organisms except one were not markedly dissimilar from 
H. pylori and suggest a relationship at a subspecies level. The nonidentity with 
H. pylori from humans has been shown by us in Perth by the fact that growth on 
brain-heart infusion agar with 0.3 % urea is achieved by animal organisms but not 
by the human H. pylori. However, not all strains of isolates from Macaca mulatta, 
the rhesus monkey, grow on 0.3 % urea. Furthermore, the soluble and cell
associated haemagglutins of these animal organisms differ from human H. pylori. 
This would seem to justify the designation of H. pylori subsp. simiae. 

The type B organism obtained from M. nemestrina has an unusual cellular fatty 
acid composition [4] and a G + C content of 24 %. A proposal will be made that 
this organism should be designated as "Helicobacter nemistrinae". 

Materials and Methods 

These were fully described in our earlier paper [4]. We performed DNA 
hybridization using two methods; and ultrastructural studies included the use of 
tannic acid in conjunction with glutaraldehyde-osmium fixation, which provides 
stabilization and contrast enhancement of polysaccharide-rich bacterial surface 
material. 

Growth Conditions and Enzyme Capabilities 

Growth was tested on brain-heart infusion agar containing 7 % horse blood, 1 % 
Isovitalex and 0.25 % yeast extract supplemented with various components shown 
in Table 3. In addition, growth was tested on the peptone-starch-dextrose (PSD) 
medium of Dunkelberg et al. [1]. Enzyme capabilities were tested in a microaero
philic atmosphere. 

Results 

DNA base Composition 

The G + C content of a strain of H. mustelae from the USA (ATCC 43772) was 
36.5 ± 0.8 mol % and the G + C content of an isolate from the UK, NCTC 1203T 
was 40.6 + 0.57 mol %. 

DNA Hybridization 

The levels of DNA relatedness of H. pylori and H. mustelae strains are shown in 
Table 1. 
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Table 1. Percentage of DNA relatedness of H. pylori and H. mustelae 

Test strain 

H. mustelae 
ATCC 43772T 

H. mllstelae 
NCTC 12032 

H. mllstelae 
FPl 

H. pylori 
NCTC 11637T 

Reference DNA" 

H. mustelae 

ATCC 43772 T 

Method P 

100 

75 

96 

2 

H. pylori 

NCTC 12032 NCTC 11637 T 

Method P Method Q Method P Method Q 

7 30 

100 44 

8 

<5 49 100 100 

5 

" Hybridization analyses were conducted at optimal renaturation temperatures. TOR' calculated 
according to Gillis et al. [16], were 68°C for NCTC 12032 and 66°C for NCTC 11637T 

Ultrastructural Features 

The major ultrastructural features of H. pylori, H. mustelae, C.jejuni and 
W succinogenes are shown in Table 2. 

Table 2. Ultrastructural features of H. pylori, H. mllstelae, C. jejuni and W. sllccinogenes 

C.jejllni H.pylori H. mllstelae W. sllccinogenes 
NCTC 11351 NCTC 11637 T NCTC 12032 NCTC 11488 

Cell-wall membrane Rugose Smooth Smooth Variable 

Flagella Single Multiple Multiple bipolar Single 
bipolar unipolar and lateral unipolar 

Flagellar sheath Absent Present Present Absent 

Flagellar bulb Absent Present Present Absent 

Glycocalyx (in vitro Present Present Present Scanty 
in shaken broth) 

Cellular Fatty Acid Analysis 

H. pylori strains had a high percentage of 14:0 (36 % -41 %), only a trace of 16: 1, 
a small percentage of 3-0H18:0 and a moderate amount of 19:0 cyc (16%-
17 %). H. mustelae strains had a lower concentration of 14: 0 (13 % -17 %) with a 
relatively high concentration of 16:0 (28%-36%) and no 3-0H18:0. 
W succinogenes had only 3 % of 14:0,33 % of 16: 1 and did not have 3-0H18:0 
or 19:0 eye. 
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Growth Conditions and Enzyme Capabilities 

The major biochemical characteristics of H. pylori, H. mustelae, C. jejuni, 
W suecinogenes and "F. rappini" are shown Table 3. 

Discussion 

Ultrastructurally, H. mustelae is shorter than H. pylori and has both bipolar and 
lateral flagella (Table 2). H. pylori has only unipolar flagella. The differences in 
growth characteristics and enzyme capabilities between H. pylori and H. mustelae 
(Table 3) include nitrate reduction by H. mustelae and not by H. pylori. H. pylori 
grows on starch-containing media and in air enriched with CO2 , buth not 
anaerobically and variably at 42°C. H. mustelae does not grow on starch
containing agar, nor in air enriched with CO 2 , but grows well at 42°C and weakly 
in an anaerobic atmosphere. 

The phylogenic position of H. pylori as determined by 168 ribonucleic acid 
sequencing clearly indicates that this species should be excluded from the genus 
Campylobaeter. In Perth we have delineated five major groups of taxonomic 
features which differentiate H. pylori and H. mustelae from W sueeinogenes and 
C.jejuni. We conclude that these phenotypic differences outweigh at the genus 
level the genomic relatedness of H. pylori and W sueeinogenes, suggested by 168 
ribosomal ribonucleic acid sequencing, and thus justify the transfer of H. pylori 
and H. mustelae to the new genus we suggest. 

"F. rappini" is a straight, not a spiral organism with a G + C content of 
33 mol %, and it grows at 43°C. "F. rappini" does not possess alkaline phos
phatase nor does it grow at 30°C, whereas H. pylori and H. mustelae possess this 
enzyme and grow at 30°C. 

Spiral Organisms Other than H. pylori 

Tightly spiralled "corkscrew" organisms have been found in the stomachs of 
0.3 % of humans, sometimes with gastritis, and in the stomachs of cats, dogs and 
many monkeys. These organisms have not yet been cultured but have been 
transferred to the stomachs of mice, where they mUltiply. Although they have not 
yet been cultured, a provisional name of "Gastrospirillum hominis" has been 
suggested. Another spiral organism has been cultured from the stomach of the cat 
and fully described by Lee [7]; this latter organism may also be incorporated in the 
Helieobaeter genus. This cat spiral organism has a marked feature of peri plasmic 
fibres. Another spiral organism which does not have periplasmic fibres nor a 
glycocalyx shown by tannic acid has been seen by us in the stomachs of baboons. It 
has not yet been cultured. 
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Conclusion 

We have therefore described a new genus, Helicobacter (Goodwin et al. gen. nov.) 
and we have described Helicobacter pylori comb. nov. as the type species with 
Helicobacter mustelae comb. nov. as another species in the genus [4]. 
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Helicobacter pylori: Microbiological Aspects 
A Plea for a More Critical Approach to Laboratory Investigation of this 
Gastroduodenal Pathogen * 

A. LEE 

The Change of Name to Helicohacter pylori 

The spiral shaped bacterium first isolated in Perth, Western Australia by Barry 
Marshall in 1983 [13, 25] was called Campylobaeter pyloridis because on light 
microscopy it appeared similar to other campylobacters, e.g. C. jejuni, and similar 
media and gaseous environments were required to grow it. Just as workers in the 
field were accepting this name it was changed to Campylobaeter pylori so as to be 
more grammatically correct [14]. Now, yet again we are asked to use a different 
name, Helieobaeter pylori [8] as is explained elsewhere in this publication. The 
reasons for these changes are well founded. From the first laboratory investigation 
of this gastric bacterium, it was clear that the organism did not sit easily in the 
genus Campylobaeter. Indeed, attempts to draw analogies with Campylobaeter 
jejuni resulted in some unrealistic investigations such as screening flocks of 
chickens as a likely reservoir. Gastroenterologists should rest assured that it is very 
unlikely we, the microbiologists, will continue to inflict new nomenclature on 
them in the future. H. pylori now sits rightly as a distinct genus and provided this 
name comes into common usage it will remain. However, the more we learn about 
gastric bacteria the greater the chances that other species within the genus will be 
discovered. 

Stages in the Discovery of a New Pathogen 

It is interesting to briefly review the stages of investigation into H. pylori and 
predict what may happen in the future. A similar pattern of scientific investigation 
has occurred with many other unexpected discoveries in biomedical science. 

Stage 1: Disbelief 

Following the publication of the original isolation of this bacterium and the 
suggestion it could be involved in duodenal pathology, the gastroenterological 
world remained highly sceptical. Barry Marshall would attest to the frustration of 
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this stage of the discovery as he tramped the world trying to spread his message 
with almost evangelical zeal. 

Stage 2: Growing Conviction 

As a limited number of gastroenterologists asked their microbiologists to look for 
this new spiral bacterium, the conviction that there might be something to the 
story started to grow and further publications began to appear. 

Stage 3: Excitement but Little Funding 

A group of enthusiastic believers now started to confirm Marshall's results and 
hypothesize on the basis of pathogenesis ofthe organism. Scepticism of the value 
of this work meant that there was very little funding from the granting agencies. 
Thus, although the logarithmic publication phase now began, most of this work 
was done on a limited budget and so the temptation was to publish early in order 
to be able to more easily obtain support. 

In vivo, the result of this phase of investigation was the publication of many 
small uncontrolled trials. Results of the majority of these trials were consistent 
with the Qriginal hypothesis of Marshall and it was becoming apparent that 
eradication of the organism was difficult. 

In vitro, the era of "phenomenology" was born as will be described below. 

Stage 4: Growing Funding and Better Science 

The stage of excitement is an essential phase of scientific discovery and the 
publication of many trials, albeit often as abstracts from meetings, is the catalyst 
to an era in which more funds become available, trials become more controlled 
and the standard of scientific investigation is raised. 

Stage 5: General Acceptance and Medical Progress 

When the results of high quality double-blind trials are published together with 
well-controlled laboratory investigations then the sceptical community of bio
medical scientists and gastroenterologists becomes convinced and medical 
progress is achieved. 

I believe the time has come in Helicobacter research to move from Stage 3, the 
stage of hasty science, to Stage 4 the stage of good science. As this is a talk with a 
microbiological rather than clinical focus, I will concentrate on what is referred to 
above as "the era of phenomenology" in order to explain my meaning. 
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The Era of Phenomenology 

As we study a new pathogen in the laboratory we ascribe importance to 
phenomena we have observed at the bench often without enough investigation of 
control organisms or attention to the human disease. This is best illustrated with 
two examples. My aim is not to be solely critical of past studies but hopefully to 
highlight questions that need to be addressed so we can identify the true 
importance of much of this work. 

Phenomenon 1: Haemagglutination and Adhesion of H. pylori to Tissue Culture 
Cells 

Many workers have demonstrated that H. pylori will adhere to red cells from 
many animal species and a wide range of tissue culture cells [5,18,19]. Indeed there 
are very few mammalian cells that are not attractive to this organism. An active 
research area has been spawned, that is, the identification of these cell adhesins. 

The question is what relevance does this work have to the human disease? 
Certainly H. pylori in vivo does adhere strongly to the epithelial surface and so

called adhesion pedestals are seen on transmission electron microscopy [7, 16], 
also this adhesion is very tissue specific as is seen in specimens of duodenal tissue 
infected with H. pylori (Fig. 1). The organism only adheres to the gastric 

Fig. 1. Warthin Starry stain of a dUQdenal biopsy specimen from a patient with a duodenal ulcer 
showing an area of superficial gastric metaplasia and intestinal tissue with H. pylori (arrow) only 
associated with the surface of a single layer of gastric-type epithelium 
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metaplastic cells and stops as soon as the cell surface is composed of duodenal cells 
[1,27]. The converse is found in stomachs where intestinal metaplasia is seen. The 
organism avidly attaches to the gastric cells but not to the metaplastic cells. 

Thus, there must be adhesins involved but before one concludes that either the 
haemagglutins or receptors to tissue culture cells are responsible for gastric 
specificity, closer attention should be given to the in vivo appearance of H. pylori. 
Association of this bacterium to gastric surfaces is very different to the picture 
seen with the enterotoxigenic Escherichia coli on which much of the classical 
adhesin work has been based. The main features of the H. pylori gastric surface 
association are: 
1. H. pylori association is very cell specific. 
2. Not all bacteria adhere to the tissue surface. Many are found free in the mucus 

layer. 
3. The majority of tissue-associated organisms do not attach over the whole 

surface but congregate at and between intercellular junctions and appear to 
attach to the edges of gastric cells only. 

This latter observation of association with the junctions is often neglected when 
considering gastric colonisation and it may have important implications with 
regard to pathogenicity. Figure 2 illustrates these three different locations of 
H. pylori in gastric biopsy specimens but to gain a real appreciation of the tissue 
association that needs to be explained by any in vitro adhesins, readers are invited 
to compare them with the excellent illustrations in the following publications: 
Steer [24], Wyatt and Gray [26]; Rauws and Tytgat [20]; Morgan and Leunk [16]. 

Fig.2. Back scattered scanning electron micrograph of a gastric biopsy specimen from a patient 
with H. pylori associated gastritis showing organisms in the mucus, congregating at an 
intercellular junction, and adhering to the surface of epithelial cell. Bar, 10 ~m. [From 10) 
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Phenomenon 2: The Effect on Mucus of Incubation In Vitro with H. pylori 

A series of experiments that are increasingly being quoted as evidence for mucus 
degradation being a major determinant of pathogenicity of H. pylori are those of 
Sarosiek et al. [21] and Slomiany et al. [22, 23]. These authors took pure cultures of 
the bacterium and incubated them in vitro with pig gastric mucus and purified 
mucus glycoprotein polymer. After 48 h of incubation mucus viscosity was 
decreased by 36 %. Significant changes were not detected until after 24 h 
incubation. These results were claimed as evidence that similar degenerative 
changes may be a contributing factor in pathogenesis. Before this conclusion 
becomes enshrined as H. pylori dogma one needs to critically evaluate the data 
and answer the following questions: 
1. What effects occur with other non gastric control organisms, for example 

E. coli? 
2. What is the turnover rate of gastric mucus? F or a significant in vitro effect 24 h 

is required. Does the mucus remain on the gastric surface for that length of time 
in vivo? 

3. If H. pylori has this effect on mucus in vivo and the gastric epithelium is thus 
more susceptible to acid attack, why do not all persons with antral gastritis get 
gastric ulcers? 

Given the natural location of the organism and the nature of the ulcerogenic 
process it is likely that H. pylori may have some local effect on gastric mucus but 
the evidence to date is not strong enough to explain what that effect is and 
certainly it is not good enough to warrant the extremely high citation rate this 
work is receiving. 

Towards the Era of General Acceptance 

Having been critical of a number of the laboratory investigations on H. pylori in 
the past it is only reasonable that I be asked to suggest how can we improve our 
experimental design and increase the usefulness of our data so that valid 
conclusions can be drawn? Two suggestions of areas in which more care can be 
taken are illustrated with examples below. 

Determining If Phenomena Are Relevant to the Human Disease 

In the discussion following a presentation by Leunk et al. [12] at a workshop in 
Colorado in 1987 on in vitro cytotoxin production by H. pylori there was 
considerable criticism of the work and its relevance was challenged. However, 
since that time these workers have put much effort into demonstrating that 
relevance. The original observation was that cell-free extracts of H. pylori cultures 
caused a characteristic vacuolating cytopathic effect on tissue cultures [16]. Now 
similar vacuolating cytopathic effects have been demonstrated in human biopsy 
material in cells closely associated with H. pylori. Toxic strains have been shown 
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to cause a similar cytopathic effect in gnotobiotic pigs. Antibody against the toxin 
has been demonstrated in patients with H. pylori infection. Thus although the 
importance of cytotoxin in the pathogenesis of gastroduodenal disease is not 
finally established, these in vivo correlations make the investigations much more 
promIsmg. 

Checking Phenomena with Control Organisms, i.e., Investigating the Uniqueness of 
the Phenomenon to H. pylori 

Recently an exciting new finding was published in The Lancet by Cave and Vargas 
[2]. These investigators showed that a protein product of H. pylori switched off 
acid secretion in an in vitro assay using isolated rabbit parietal cells. Incorporation 
of C 14 aminopyrine was taken as a marker of acid secretion. This anti secretory 
activity of H. pylori could be the explanation for the hypochlorhydria observed in 
early infection [17] and the occasional presence of the organism in parietal cells [3]. 
However, the authors only included one control organism in their study, that is 
C.jejuni. 

The inclusion of control organisms to demonstrate the uniqueness of H. pylori 
phenomenon has been suggested but what organisms are appropriate? A 
suggested set are listed in Table 1. First, at least two related organisms such as 
C. jejuni and C. coli should be tested. But is this enough? Is the observation simply 
a general phenomenon that is caused by almost any metabolically active 
bacterium such as E. coli? In the case of the Cave experiments could it be that 
almost any bacterium in the in vitro cell system would produce metabolic 
bypro ducts that damage the parietal cells? Finally, a group of gastric organisms 
that inhabit similar ecological niches to H. pylori have recently been described. It 
would appear important to check these bacteria if possible for any phenomenon 
observed with H. pylori to identify those factors both in vitro and in vivo that are 
shared by these bacteria as this may give pointers to significant aspects of H. pylori 
pathogenesis. These related organisms are: 

Helicobacter mustelae. This is the bacterium, first grown by Fox et al. [6] that 
naturally colonises ferret gastric tissue causing an associated gastritis with the 

Table 1. Some control organisms that are appropriate to study when trying to assess the relevance 
of H. pylori phenomena 

Related but not gastric 

Campylabacter jejuni 
Campylabacter coli 

Related gastric organisms 

Helicabacter mustelae 
"Helicabacter felis H 

Unrelated gastrointestinal bacteria 

Proteus vulgaris 
Escherichia coli 
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Fig. 3 A, B. Transmission electron micrograph of A a negatively stained preparation of 
Helicobacter mustelae isolated from a ferret stomach (bar, 0.2 11m) and B thin section of ferret 
gastric mucosa showing adherent H. mustelae 

occasional ulcerating lesion. The organism appears to form adhesion pedestals as 
does H. pylori (Fig. 3). 

"Helicobacter felis". This highly spiralled organism which has been shown by 
ribosomal RNA sequencing to be the closest relative to H. pylori was grown from 
the cat stomach [11] and can induce gastritis in germ-free mice and dogs. (Paster et 
ai.; Lee et ai., unpublished observations; Fig. 4). 

"Gastrospirillum hominis". Bacteria with the morphology of this bacterium have 
been shown to infect humans causing acute or chronic gastritis [15]; the source of 
infection is probably cats or dogs [9]. "Gastrospirillum" has recently been cultured 
in vivo by administration to mice [4]. In vitro culture has not been successful so 
comparative studies are difficult but in some cases are valid. 

The value of using other organisms when investigating in vitro phenomena 
found with H. pylori was shown in a collaborative investigation in Boston where 
the Cave and Vargas experiments were repeated using the organisms shown in 
Table 1. Only one bacterium other than H. pylori was found to almost completely 
switch off parietal cell activity. This was "H.felis". Significantly this is the only 
other organism that has been found within the canaliculus of parietal cells (except 
"Gastrospirillum hominis"which could not be tested because it could not be grown 
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Fig.4A-C. Photomicrographs of a pure culture of "Helicobacter felis" isolated from the stomach 
of a cat. A Cross section of a single organism showing charactristic periplasmic fibrils. B Freeze 
fracture preparation; bar, 0.2 !lm. C Culture viewed under phase contrast microscopy showing 
the spiral morphology 

in vitro). These results would appear to support the conclusion that antisecretory 
activity is a real phenomenon and that this property has been acquired by the 
bacteria in order that they are better able to survive in the stomach. 

Conclusion 

The early phase of H. pylori research is over. We are convinced of the importance 
of this organism as a significant gastroduodenal pathogen. We now have to 
convince the world. The H. pylori "nonbelievers" in the world of gastroenterology 
will only be convinced by good science, by well-conducted double-blind random
ized trials and by well-controlled high quality laboratory investigation. We must 
be more critical of our work as it is presented at conferences and ensure that the 
quality of papers submitted to peer review journals improves. It is only excellent 
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science that will allow the field of H. pylori research to be classed as medical 
progress with its potential impact on the morbidity of peptic ulcer disease and 
possibly gastric cancer. 
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Development of Genetic and Molecular 
Approaches for the Diagnosis and Study of the 
Pathogenesis of Helicobacter pylori 

A. LABIGNE, V. CUSSAC, and P. COURCOUX 

Introduction 

In addition to the clinical, bacteriological, immunological, and epidemiological 
approaches that have been developed and extensively used for the study of 
H. pylori since its discovery in 1983, genetic and molecular approaches should be 
actively developed in the coming years. Such approaches should be useful as well 
as informative in three distinct domains. 

First they should provide us with powerful tools, specific enough to allow the 
detection of H. pylori in human specimens such as biopsy material as well as 
gastric juice, saliva and, potentially, stools or sera of patients. With this view, 
molecular tools may consist of specific DNA sequences used as probes in 
hybridization techniques, or as a pair of synthetic oligonucleotides (i.e. primers 
specifying H. pylori target DNA) in the "polymerase chain reaction" (PCR) for 
the amplification of rare molecules. Alternatively, they may consist of monoclonal 
or polyclonal antibodies raised against H. pylori specific epitopes. These epitopes 
may be prepared as synthetic pep tides according to the amino acid sequence 
deduced from the DNA sequence analysis of genes encoding the major antigens of 
H. pylori, or they can be expressed via DNA recombinant techniques as exposed 
epitopes in bacteria easy to grow such as E. coli. In both cases the capability to 
easily prepare large amounts of the immunogenic epitopes will provide us with 
H. pylori specific antigenic material usable for serological tests. 

Second, these approaches should allow a better understanding of the pathogen
esis of H. pylori infections by identifying via cloning experiments the genes 
responsible for the expression of virulence determinants attributed to H. pylori 
such as genes allowing the expression of urease, cytotoxin and adhesins. The 
contribution of each putative determinant to the pathogenic process will be then 
addressed by constructing stable H. pylori isogenic mutants, each modified in a 
single determinant. In addition, the cloned stretches of DNA responsible for the 
expression of the various determinants can then be used as probes to determine 
their distribution among clinical isolates with the view to find out whether or not 
various pathovars of H. pylori can be encountered among clinical isolates which 
might be responsible for various symptoms or diseases. 

Unite des Enterobacteries, U199 INSERM, 28 Rue du Docteur Roux, 75724 PARIS Cedex 15, 
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Finally, as a long-term goal, the approaches should facilitate the engineering of 
living oral vaccines either using attenuated H. pylori strains or colonizing strains 
expressing H. pylori major immunogenic and protective epitopes. 

As an attempt to reach these general goals, we have studied the genes 
responsible for the expression of the urease activity in H. pylori. 

Cloning of the Genes Required for the Expression of Urease 

As we previously reported [1], this cloning was made possible by using a shuttle 
cosmid vector that we constructed for developing Campylobaeter genetic material 
[2, 3]; it allows replication and maintenance of cloned DNA sequences either in an 
E. coli or a C. jejuni background and to move these sequences from one to the 
other bacteria. With this cloning approach, we were able to clone a large portion 
of H. pylori chromosomal DNA (44 kilobases (kb) in length), which, when 
introduced into E. coli did not express urease activity, but when transfered by 
conjugation to C.jejuni led to the expression of urease activity. 

In order to localize more precisely the DNA region responsible for the urease 
activity, the 44 kb DNA fragment was randomly restricted in DNA fragments 
with an average size of 10 kb; each resulting fragment was cloned into the 
pILL550 shuttle vector [2]. As a result, a 8.1 kb fragment was shown to contain the 
genes required for the full expression of the urease (Fig. 1). This 8.1 kb insert was 
then mutagenized using two different methods. First a series of deletions starting 
at either end of the 8.1 kb insert and extending up to 3.6 kb in the insert were 
performed using the Bal31 enzyme. Second, the 8.1 kb fragment was randomly 
disrupted by inserting transposable elements. In both cases, the 8.1 kb mutated 
fragment was cloned into the pILL550 shuttle vector and transfered to C. jejuni to 
look for urease activity. 

Only 4.2 kb of the 8.1 kb insert fragment were shown to be required for the 
expression of the urease (Fig. 1). 

Nucleotide Sequence of the Urease Region 

The nucleotide sequence of the 4.2 kb DNA fragment involved in the urease 
expression has been determined using the dideoxynucleotide chain termination 
method of Sanger following cloning of appropriate restriction fragments into 
M13mp18 and M13mp19 phage DNA. 

From the sequence analysis (not shown here) we found three large open reading 
frames: two correspond to the genes designated ureA and ureB: ureA consists of 
717 base pairs encoding a 239 amino acid peptide, with a calculated molecular 
weight of 26.5 kDa; ureB consists of 1710 base pairs encoding a 570 amino acid 
peptide with a calculated molecular weight of 61.6 kDa. The ureA and ureB genes 
are not only in the same frame but they are juxtaposed in such a way that the stop 
codon of the ureA gene is separated from the methionine initiator codon of the 
ureB gene by a single codon. These two polypeptides correspond to the two 
subunits of the H. pylori urease enzyme. 
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Fig.1. Restriction maps of the recombinant cosmid and plasmid derivative allowing the 
expression of Helieobaeter pylori urease genes in Campylobaeter jejuni. Sizes are expressed in 
kilo bases (kb). The lengths of the black boxes correspond to the lengths of the deletions generated 
at either end of the pILL590 insert. The dark circles indicate transposable element insertions that 
abolish the urease activity; the open circles indicate insertion that did not alter the urease 
expression. P, Pst!; B, BamHI; Sm, SmaI; E, EcoRI; H, HindUI 

The third open reading frame, upstream of the ureA and ureB gene, corresponds 
to a gene that we designated urec' This gene is absolutely required for the urease 
activity but no polypeptide corresponding to the predicted peptide deduced from 
the DNA sequence could be visualized on acrylamide gel following expression in 
E. coli, whereas the ureA as well as the ureB genes were fully expressed. The role of 
this putative polypeptide is still unknown. UreC and ureA genes are separated by a 
noncoding region 420 base pairs in length. 

The most interesting result comes from the comparison of the deduced amino 
acid sequence of the two subunits of the H. pylori urease enzyme with that of the 
well-known jack bean urease whose amino acid sequence was determined 
biochemically [4]. The jack bean enzyme consists of a unique polypeptidic chain of 
840 amino acid residues. By comparing the amino acid sequence of the small 
subunit linked to the amino acid sequence of the large subunit of H. pylori urease 
with that of the jack bean urease, we found an incredible degree of conservation 
(50% conservation with the 26.5 kDa polypeptide and 60% conservation with the 
61.5 kDa) and a perfect alignment of the two sequences whether isolated from 
bacteria or from plant. 

This high degree of conservation allowed us to localize the active site of the 
H. pylori urease; this site corresponds to the presence of eight histidine residues as 
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well as a cysteine residue which, respectively, in the jack bean urease are thought to 
playa major role in the binding of the nickel ions and in the enzymatic activity [4]. 
The fact that these residues are conserved and perfectly aligned between the two 
sequences suggests a similar role in the H. pylori urease. 

These results allow us to draw important conclusions: 
1. The urease enzyme of H. pylori consists solely of two polypeptidic subunits, 

namely the 26.5 and 61.6 kDa peptides. 
2. Such a high degree of conservation between the urease of a plant and that of a 

bacteria leads to the presumption that the degree of conservation of the amino 
acid sequence among bacterial ureases such as those of Proteus, Klebsiella, and 
Staphylococcus would be even higher. We should therefore be prepared to find 
common epitopes between the different bacterial urease enzymes and be careful 
when using the whole urease fraction as antigen for serological tests. 
Comparison of the complete sequences of these bacterial ureases, once they will 
be available, with that of H. pylori urease should allow us to carefully choose 
short amino acid sequences specific of H. pylori as potential immunogenic 
epitopes usable either for diagnostic purposes or as potentially protective 
epitopes. 

3. The identification of the active site of the H. pylori urease and the knowledge of 
its complete amino acid sequence should enable us to find compounds capable 
of blocking the urease activity of H. pylori. 
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Assessment of DNA and Protein Molecular 
Fingerprinting Methods for Strain Identification 
of Helicobacter pylori 

J. FRASER 1, R.J. OWEN!, D.D. MORGAN 1, M. COSTAS 1, and D.R. MORGAN 2 

Introduction 

The increasing evidence linking Helicobacter pylori (H. pylori) with gastro
duodenal disease has led to the need for sensitive methods for identifying H. pylori 
isolates. The study of H. pylori ecology and its role in infection is hindered by the 
lack of reliable, easily applicable methods of strain identification. Differences 
between strains are, however, revealed by molecular fingerprinting techniques and 
the purpose of the present study was to assess the utility of genomic DNA 
restriction endonuclease digests, restriction fragment length polymorphism 
(RFLP) using Southern blot hybridization, and one-dimensional polyacrylamide 
gel electrophoresis (l-D PAGE) protein patterns for high resolution 
identification. 

Materials and Methods 

Bacterial Strains 

The 27 clinical isolates (patient sets A - H) used in the study were from endoscopic 
biopsy specimens of gastric mucosa of patients with gastritis. These were provided 
by Dr. D. M. Jones (Public Health Laboratory, Withington Hospital, Manch
ester, UK). Most of the strain sets comprised two isolates collected on the same day 
(date 1) from two adjacent antral sites in the stomach and two further isolates 
from the same sites on subsequent biopsy 1 month later (date 2) after treatment 
with nitrofurantoin. The reference strain used was NCTC 11638 from Perth 
(Australia), which was obtained from the National Collection of Type Cultures 
(NCTC), but originated from human gastric mucosa. 

Organisms were grown routinely on Oxoid brain-heart infusion agar supple
mented with 5 % v Iv horse blood and 1 % Isovitalex for 2 days at 37 DC in 
microaerobic conditions (5%, 02; 5%, CO2 ; 2%, H 2 ; 88%, N2) in a Variable 
Atmosphere Incubator (Don Whitley Scientific Ltd, Shipley, Yorks, UK). Strains 
were preserved at -196 DC on glass beads in Nutrient Broth No.2 (Oxoid: CM 67) 
containing 10% v Iv glycerol. 

1 National Collection of Type Cultures, Central Public Health Laboratory, London NW9 5HT, 
UK 
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DNA Preparation 

Chromosomal DNA was isolated and purified using the guanidium thiocyanate 
reagent method [1]. 

DNA Digestion and Electrophoresis 

DNA from H. pylori NCTC 11638 was incubated with 20 different restriction 
endonucleases using the buffers and the conditions recommended by the 
manufacturer (Northumbria Biologicals Limited, UK). All DNA samples (5Ilg) 
were then digested for 4 hat 37°C with HaeIII (2-3 U/Ilg of DNA). The digested 
DNA was electrophoresed at 25 V for 16 h in a horizontal 0.7% (w/v) agarose gel 
in a buffer containing 89 mM Tris hydrochloride, 89 mM boric acid, and 2 mM 
disodium ethylenediaminetetra-acetic acid (EDT A) (pH 8.3). After electro
phoresis, the gels were stained with ethidium bromide and photographed with 
Polaroid 667 film. Tri-X pan professional film was used to obtain negatives for 
densitometry. 

Scanning of Gels 

Patterns were scanned and analyzed with a laser densitometer (LKB) interfaced to 
a Compaq Deskpro 386 microcomputer. Data were processed (segmented linear 
correction and background trend removal), corrected partial profiles were 
compared by stepwise alignment to obtain best fit, and the Pearson product 
moment correlation coefficient was calculated. Strains were then clustered and a 
dendrogram plotted [2]. 

Preparation of Biotinylated Probe cDNA 

The biotinylated cDNA probe was prepared from Escherichia coli 16 Sand 23 S 
rRNA (BDH Ltd., UK) using Moloney mouse leukaemia virus reverse tran
scriptase (Gibco-BRL). Biotinylation was achieved by the incorporation of 
biotin-16-dUTP [3]. 

Southern Blotting and Hybridization 

After electrophoresis and photography the gels were transferred to nylon 
membranes (Hybond-N, Amersham International) using either the standard 
capillary transfer method of Southern [4] or by a vacuum method. The membranes 
were then hybridized by standard procedures for 18 h at 42°C using the 
biotinylated cDNA probe. The membranes were washed and the hybridized probe 
detected colorimetrically using a nonradioactive detection kit - BluGENE 
(Gibco-BRL) [5]. 
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Protein Electrophoresis 

Extracts of total protein were prepared by suspending cell material in extraction 
buffer. Samples were electrophoresed in 10% polyacrylamide-0.1 % sodium 
dodecyl sulphate (SDS) gels for 4 h at a constant current (30 rnA) under carefully 
controlled conditions. The gels were stained using 0.1 % Page Blue 83 (BDH Ltd.) 
and then dried. Patterns were scanned as described above. Full details of the 
methods are published elsewhere [2]. 

Plasmid DNA Extraction and Electrophoresis 

Organisms were cultured as described above. Single colonies were picked and 
plasmid DNA was prepared by the method of Kado and Liu [6]. Samples were 
electrophoresed in a horizontal 0.7% agarose gel for 2 h at 100 V. After staining 
with ethidium bromide, the gels were viewed in a UV transilluminator and 
photographed. Standard plasmids of Escherichia coli K 12 hosts were used to 
determine molecular weights. 

Results 

DNA from H. pylori NCTC 11638 was cut to varying degrees by nine restriction 
endonucleases (BamHI, EstEll, EcoRI, HaeIII, HindIII, Mspl, Pvull, Sad, Stul) 
but only HaeIII (recognition sequence GG.CC) and HindIII (recognition 
sequence A.AGCTT) gave clear and distinctive patterns of bands. Haelll was 
selected to study all strains. 

With a set of 27 isolates from eight patients in the UK, it was found that the 
DNAs of all were cut with Haelll and that isolates from different patients had 
quite distinct patterns. These observations were confirmed by Southern blot 
hybridization and PAGE protein analyses. All three methods revealed a high 
degree of similarity between multiple isolates from the same patient, although 
DNA digest and protein analyses also provided evidence of minor variations 
between isolates in some patient sets. There was no association found between the 
presence of plasmid DNA and genome digest pattern. 

These results are illustrated in Figs. 1 and 2. 

Discussion 

Valid molecular fingerprinting methods should fulfil certain criteria, namely 
typability, reproducibility and the ability to discriminate [7] in this case, among 
strains of H. pylori. DNA fingerprinting based on the use of H aeIII digest patterns 
is a very sensitive and highly discriminatory method of typing H. pylori isolates. 
Typability of strains is good with HaelII since most, but not all strains are cut with 
this enzyme. Flexibility in this method of typing allows for the use of other 
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Fig. 1. Simplified dendrogram of the cluster analysis based on HaeIII digest patterns of 
Helicobacter pylori strains from patients A - H 

enzymes when HaeIII is not suitable, but a number of enzymes should be 
employed to fully ensure strain identity. 

Readily detectable differences among DNA digests enable electrophoretic gels 
to be visually compared for instant comparison of strains, particularly of multiple 
isolates from different patients, where there are clear differences between patients. 
Laser densitometry may be used for numerical analysis of digest patterns, yielding 
a matrix of similarities with relationships shown in a dendrogram. This type of 
analysis requires high quality band patterns and is more useful for typing of 
similar strains, for example, those from the same patient. DNA restriction digest 
patterns obtained with a particular restriction endonuclease are highly reproduc
ible and between gel reproducibility is also very good. This method is relatively 
quick and easy, with the availability of rapid DNA extraction methods providing 
pattern results after 24 h. 

Southern blot hybridization with a biotin-labelled cDNA probe synthesized 
from a mixture of 16 Sand 23 S rRNA from E. coli yields simpler patterns for 
interpretation and shows clear differences among isolates from different patients. 
E. coli yields simpler patterns for interpretation and shows clear differences 
among isolates from different patients. RFLP patterns support DNA digest 
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Fig. 2. Simplified dendrogram of the cluster analysis based on total protein content of 
H elicobacter pylori strains from patients A - H 

results and protein profiles and are of particular use for typing into groups, for 
example, isolates from the same patient. Reproducibility is good, but with the 
combination of the rRNA gene probe and HaeIII digestion, sensitivity and 
discrimination is less than with the other methods. 

The RNA ribosomal genes are present in the smaller restriction fragments 
which migrate further down the gel, whereas the minor differences in digest 
patterns are to be seen in the higher molecular weight region. A more specific 
probe is required to highlight differences throughout the genome. Southern blot 
hybridization is technically more complicated and takes longer than DNA 
restriction endonuclease digestion alone. 

Analysis of 1-D SDS-PAGE protein patterns reveals that most variation 
among strains is attributable to band differences in the 47 - 56 kDa region, and so
called hypervariable region. Determination of protein profiles provides the basis 
of a reproducible method for typing of H. pylori isolates, so long as rigorous 
standardization is adhered to. The hypervariable region highlights differences 
among strains from different patients, or indeed similarities. 

The typing potential of 1-D SDS-PAGE protein patterns is limited by a 
proportion of strains that do not give analyzable patterns. Those patterns that are 
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obtained require computerized analysis. This technique has the advantage that 
contamination is immediately obvious. DNA restriction endonuclease digests and 
SDS-PAGE protein profiles are comparable in discriminatory ability, although 
digest patterns are easier to compare visually, whilst protein patterns require 
computer analysis. RFLP patterns compare favourably with the other two 
techniques, but do not emphasize minor variations. Although technically more 
complicated to produce, such patterns are simpler to interpret. All three methods 
require further evaluation on larger numbers of strains. 
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The Genesis of Coccal Forms of Helicohacter pylori 

D. M. JONES and A. CURRY 

Introduction 

In prolonged culture the morphology of Helicobacter pylori [2] alters from "the 
normal" helical form to a spherical cell via U- and V-shaped forms. This 
morphological transformation may be the result of less than optimal cultural 
conditions, a reaction to waste products, or it may be a natural phenomenon. This 
paper describes the formation of these atypical forms with an explanation of the 
mechanism of their genesis. 

Materials and Methods 

Culture Technique 

Stored strains of Helicobacter pylori were cultivated on blood agar. At various 
time intervals from 2 to 8 days, organisms were removed from the culture plates 
and prepared either for negative staining transmission electron microscopy, thin
sectioning transmission electron microscopy or scanning electron microscopy. 

Negative Contrast Transmission Electron Microscopy 

Pioloform-coated (Agar Scientific) 400 mesh copper grids were "dipped" into 
colonies, washed in distilled water and stained with phosphotungstic acid, pH 6.5. 
Such grids were examined in either an AEI EM 801 or Philips EM 420 electron 
microscope. 

Thin Section Transmission Electron Microscopy 

For thin sectioning, plates were flooded with 3 % cacodylate-buffered glut
araldehyde (pH 7.2) and colonies were transferred using a cotton bud to a 
centrifuge tube containing fixative. Following overnight primary fixation, the 
cells were washed in 0.1 M cacodylate buffer, postfixed in 1 % osmium tetroxide, 
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dehydrated in a graded series of alcohols and embedded in Agar 100 resin (Agar 
Scientific). Ultrathin sections were cut on a Reichert OMU 4 Ultracut ultramicro
tome, mounted on 400-mesh copper grids and stained with uranyl acetate and lead 
citrate. Grids were examined as above. 

Scanning electron microscopy (SEM) 

For scanning electron microscopy, culture plates were flooded in glutaraldehyde 
fixative and small pieces of agar removed with overlying bacterial growth. These 
were allowed to air dry before being attached by a conductive adhesive to SEM 
specimen stubs. The specimens were sputter coated in gold and examined in a 
Cambridge S 360 scanning electron microscope. 

Results 

Illustrated in Fig. 1, for comparison with the atypical forms, is the more usual 
morphology of Helicobacter pylori. Atypical forms are seen in cultures of various 
age and passage and 4- or 5-day cultures will usually contain many such forms 
although this is also dependent on the culture medium. Appropriate cultures show 
a predominance of U-shaped and V-shaped forms (Fig. 2). However, close 
examination of negatively stained or thin-sectioned preparations show earlier 
stages in the genesis of these forms and later cultures contain mainly spherical 

Fig.1. Negatively stained 
preparation of Helicobac
fer pylori showing gently 
sinusoidal form and 
sheathed flagellar fila
ments from one pole. 
Scale bar, 600 nm 
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Fig. 2. Scanning electron 
micrograph of a 4-day 
culture of H. pylori. Note 
preponderance of u
shaped forms. Some of 
these may be spherical 
forms since the air drying 
probably causes collapse 
of the outer envelope. 
Scale bar, 211m 

Fig. 3. Thin section of an 
organism showing more 
than normal bending. 
Note detachment of the 
outer envelope on the 
inside of the bend. A 
normal organism with the 
terminal specializations 
associated with flagel
lation is also seen in this 
micrograph. Scale bar, 
600nm 
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forms. The earliest atypical forms are recognisable because of bending unas
sociated with the normal helical form. These organisms show detachment of the 
outer envelope on the inner side of the bend (Fig. 3). Both non-dividing (Fig. 3) 
and dividing organisms (Fig. 4) can show this feature. Later stages show 
organisms bent into U- or V-shaped configurations within a loosened outer 
envelope (Fig. 5). One arm is nearly always flagellate with the normal complement 
of sheathed flagellar filaments (Fig. 6), but the other arm mayor may not be 
flagellate. If flagella are present on the other pole, then they are usually fewer in 
number with a division septum to be seen at the point of the V. This septum does 
not incorporate the outer membrane and separation of the cells will not therefore 
occur. 

Spherical forms are the ultimate stage of this morphological transformation, 
and feature a completely lossened membrane envelope within which aU-shaped 
or complexly folded cell may be apparent (Fig. 7). As before, spherical forms may 
have one or two groups of flagellar filaments (Fig. 7). 

By thin sectioning, the atypical forms described above initially show detach
ment of the outer membrane which seems to progressively loosen in the more 
advanced forms. Inside this membrane "bag" the bacterial cell, enclosed within 
the plasma membrane, retains a cylindrical form. U-shaped forms show the loose 
membrane between the arms of the U (Fig. 8). The space between the arms of the 
protoplasmic cylinder and the externally loosened membrane-like wall compo
nent sometimes, but not always, fills with a homogeneous cytoplasmic material 
(Fig. 9). When present, this cytoplasm contains both bacterial ribosomes and 
filamentous material reminiscent of the bacterial nucleoid. It is, however, more 
lucent than the cytoplasm within the protoplasmic cylinder. Disruption of the 

Fig. 4. Thin section of a 
V-shaped organism 
showing division septum 
and detached outer 
membrane. Scale bar, 
600nm 
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Fig. 5. Negatively stained 
preparation of a V
shaped organism showing 
detached membrane 
between the arms and a 
single bunch of flagella. 
Scale bar, 600 nm 

Fig. 6. Negatively stained 
preparation of a U
shaped organism with 
detached membrane 
between the arms and a 
single bunch of flagella. 
Scale bar, 600 nm 

33 
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Fig. 7. Negatively stained 
preparation of a spherical 
form showing complex 
folding of the internal 
protoplasmic cylinder 
(just visible) and two 
bunches of flagellar 
filaments. Scale bar, 
600nm 

Fig. 8. Thin section of a 
V-shaped form showing 
outer membrane 
stretched between the 
arms. Note sheathed 
flagella filament on one 
pole and electron lucency 
of the space between the 
arms. Scale bar, 600 nm 
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Fig. 9. Thin section of a 
U-shaped form showing 
a homogeneous granular 
material filling the space 
between the arms. Note 
the bulge and the buc
kling of the plasma 
membrane (arrowheads). 
Scale bar, 600 nm 

, , . 
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plasma membrane has not been observed although it does buckle and bulge in the 
concavity of the bend (Fig. 9). V-shaped forms show similar features to the U
shaped forms but a division septum can sometimes be found at the narrowest 
point of the V. 

In spherical forms, the internal protoplasmic cylinder almost produces a ring 
with the inner space being filled with "leaked" cytoplasm. Other spherical forms 
may show a complex folding of the protoplasmic cylinder. This can be 
demonstrated in negatively stained preparations when the stain penetrates the 
outer membrane (Fig. 7), and in thin sections where profiles cut transversely and 
longitudinally can be identified within a single membrane covering (Fig. 10). 

N one of the forms described above seems degenerate. Degenerating cells show 
obvious signs of disintegration, particularly the fragmentation of the sheathed 
flagellar filaments. In addition degenerate cells absorb the negative stain and 
therefore stain positively rather than negatively. 

Discussion 

The normal ultrastructure of H. pylori has been described previously [3, 4]. The U, 
V and spherical forms described here have, thus far, only been seen in culture. 
Ultrastructurally Gram-negative bacteria, such as H. pylori, are enclosed within 
two membranes, the inner of which is the plasma or cell membrane and the outer, a 
membrane-like lipoprotein structure. the space between these two membranes 
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Fig. 10. Thin section of a 
number of atypical 
forms. The most complex 
is a spherical form with 
the protoplasmic cylinder 
cut in both transverse 
and longitudinal section, 
indicating extensive 
folding (bottom right). A 
U-shaped form is also cut 
transversely through both 
arms and shows expan
sion of the outer envel
ope and the granular 
filling (top right). Also 
visible is an organism 
showing protoplasmic 
buckling at the point of 
maximum bending (bot
tom left). Scale bar, 
600nm 

contains a thin peptidoglycan layer which helps to maintain cell shape [6]. In 
addition some Gram-negative bacteria have large (on the molecular scale), 
regularly-spaced protein structures incorporated within or on the outer mem
brane [5,8,9]. Such structures have been identified in H. pylori [4] and, indeed, are 
easily detached. The peptidoglycan layer and the wall proteins probably both have 
a role in maintaining cell shape. Any weakening or deficiencies in these 
components or the links that hold the membrane layers together would, perhaps, 
cause loosening of the surface membrane. In Vibrio sp [1] changes in cell 
morphology and phase of culture were correlated with degradation but not 
complete removal of the peptidoglycan layer in the wall. The spherical forms 
produced in Vibrio sp were not thought to be viable. In true Campylobaeter species 
(not to be confused with H. pylori) degenerative coccal forms have been found in 
the centre of colonies whereas the young, actively growing spiral forms were at the 
periphery of the colony [7]. Intermediate ring-shaped cells were also observed in 
this study of Campylobaeter species. Spherical forms of Campylobaeter jejuni have 
been observed in natural waters (pearson, personal communication) and may be 
an adaption to adverse conditions. Assumption of a spherical form would 
minimise the surface in contact with external conditions and may therefore be a 
survival adaptation in natural environments. It follows that it may be the coccal 
form of H. pylori that is involved in transmission through the environment. The 
atypical forms of H. pylori described here are not merely spherical forms of 
normal helical vegetative cells, but are formed by protoplasmic cylinder growth 
within a restricted envelope. All the various forms described here can have their 
mechanism of genesis explained if protoplasmic growth and division can continue 
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within a loosened envelope that cannot expand in synchrony with this internal 
protoplasmic cylinder. Apart from the bending and twisting, the protoplasmic 
cylinder retains its shape, thus leading one to assume that perhaps the 
peptidoglycan layer remains attached to the plasma membrane. If this is the case 
then the loosening of the outer membrane may be the result of deficiencies in the 
links that hold the inner and outer membranes together. extreme bending would 
cause the "wall" of the protoplasmic cylinder to buckle and bulge and it may be 
this strain that leads to some leakage of cytoplasm although the plasma membrane 
appears to re-anneal. Spherical forms ultimately result from the outer envelope 
losing the last vestiges of rigidity and the protoplasmic cylinder bending and 
twisting in what may be a complex fashion within a restrictive envelope. These 
forms can be identified by both negative staining and thin-sectioning transmission 
electron microscopy, but because of drying artefact and subsequent collapse of the 
outer membrane, mainly U and V forms are seen by scanning electron microscopy. 

Although the coccal forms we have described have the ultrastructural 
appearance of viability, this remains to be shown by cultural methods. 
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Epidemiology of Helicohacter pylori Infections 

M.J. BLASER 

Helicobacter pylori (formerly known as Campylobacter pylori) has been strongly 
associated with type B gastritis and with peptic ulcer disease. Although this 
organism was first discovered only 7 years ago, an increasing body of evidence 
now indicates that it contributes to the pathogenesis of these common and 
important disorders of the upper gastrointestinal tract. In this report, I will briefly 
outline how the development of an appropriate diagnostic test has facilitated our 
understanding of the epidemiology of this infection, and then turn to the specific 
epidemiologic characteristics that have been defined. 

Development of Accurate Serologic Methods for Diagnosis 
of H. pylori Infections 

It is now clear that H. pylori infections persist for years, if not decades. For other 
chronic bacterial infections, such as syphilis and brucellosis, for example, it has 
been possible to use the host response to the offending organism as a means for 
diagnosing the presence of the infection. Early on, it was found that persons 
infected with H. pylori develop serum antibodies to the organism [1]. Since then, 
several different diagnostic techniques have been utilized to detect these serum 
antibodies. The techniques include bacterial agglutination, hemagglutination, 
complement fixation, indirect immunofluorescence, and enzyme-linked im
munosorbent assays (ELISA) [reviewed in 2]. Even in the ELISA format, several 
different assays have been described, which vary considerably in their diagnostic 
accuracy. Knowledge of the antigenic characteristics of H. pylori has enabled my 
laboratory to develop a novel ELISA, which has improved diagnostic power over 
the previously published assays. Use of this assay permits diagnosis of H. pylori 
infection with both sensitivity and specificity exceeding 95 % [3 - 5]. In more recent 
work, we have found that the sensitivity of the assay exceeds that for histologic 
examination and culture. This is not surprising since gastritis is often a patchy 
phenomenon, and biopsy samples only a small part of the gastric antrum, whereas 
serology in essence samples the entire stomach. The availability of a noninvasive 
method for diagnosis of H. pylori infections permits epidemiologic surveys as well 
as evaluation of individual patients. 
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Epidemiologic Characteristics of H. pylori Infection 

The epidemiologic characteristics of H. pylori infection have recently been 
reviewed [6]. We now know that H. pylori infection is present in all parts of the 
world. Since infection is persistent, it is not surprising that its prevalence rises with 
age. Among Caucasian populations in the United States and other industrialized 
countries, H. pylori infection is infrequent during childhood, but rises in 
prevalence during adulthood, reaching about 50 % in those persons who are 60 
years or older. The prevalence data and a prospective study of epidemiologists in 
the United States suggests an incidence of infection of 0.5%-2% annually. 
Seroprevalence appears to reach a plateau after the sixth decade oflife. Prevalence 
rates appear to be higher in Blacks and Hispanics than in non-Hispanic 
Caucasians but whether this is related to differences in socioeconomic status or to 
other differences is not yet resolved. 

In developing countries, H. pylori infection begins much earlier in life. In rural 
Thailand there was little infection under the age of 10 years but in a Bangkok 
orphange, 75% of children were positive by the age of 2 years. In several other 
populations in developing countries, up to 50 % of children are positive by the age 
of 1 0 years [7]. Prevalence of infection reaches much higher levels in adults as well, 
with from 70 % to 90 % of the population positive by the age of 30. In all studies, 
there is little difference in infection rates between men and women. 

Thus, although age has emerged as the most important risk factor for infection, 
there are marked geographic and ethnic differences in the distribution of this 
infection. 

Transmission of H. pylori Infection 

There is no known reservoir for H. pylori in the environment or among the 
animals with which humans most often come into contact. These observations, in 
addition to the widespread nature of human infection with H. pylori suggest that 
humans are in fact the ultimate reservoir for the organism. Recent studies of 
family members of H. pylori-infected children indicate that parents and siblings 
are infected at significantly higher rates than are controls [5]. These data, for which 
the strongest association is with maternal infection, indicate that there is 
intrafamilial clustering of H. pylori. 

How might the organism be transmitted? Population-based studies in general 
show that those groups with the lowest socioeconomic standards have the highest 
H. pylori infection rates. Children in orphanages where hygienic standards are 
low, and institutionalized mentally retarded children have very high infection 
rates suggesting the possibility of fecal-oral transmission. The association of 
H. pylori positivity with evidence of previous hepatitis A infection further points 
toward fecal-oral transmission. 

We have examined the hypothesis that there is sexual transmission of H. pylori. 
Among those attending a sexually transmitted disease clinic in Colorado, there 
was no association of the presence of H. pylori infection with lifetime number of 
sexual partners, either for homosexual or heterosexual men. In another study, 
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involving heterosexual couples undergoing evaluation at an infertility clinic, there 
was no association of the H. pylori status of the partners that could not be 
explained by chance alone. In total, these data suggest that sexual transmission of 
H. pylori infection is uncommon at best. 

Conclusions 

The development of noninvasive diagnostic methodologies based on serology has 
opened the door to detailed examination of the epidemiology of H. pylori 
infection. Use of appropriate serologic tests will facilitate diagnosis and manage
ment of H. pylori infection as well. It is now clear that H. pylori is one of the 
bacteria with which humans most frequently become infected during their 
lifetimes. The major remaining epidemiologic problems are to understand 
transmission of the organism, and to determine which host or bacterial factors 
contribute to the considerable variation in the natural history of infection. Work is 
proceeding rapidly in these areas and the important questions should be resolved 
within the coming years. 
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Physiology of Helicobacter pylori 

W. OPFERKUCH, G. GElS, H. LEYING, and S. SUERBAUM 

Our knowledge about the basic physiology of Helicobacter pylori (H. pylori) is still 
very fragmentary and based on a number of studies investigating physiological 
properties such as enzyme profiles or growth conditions mainly for diagnostic or 
taxonomic purposes. However, more detailed information has started to accumu
late about the composition and biology of the H. pylori cell envelope and its 
putative virulence factors. 

Growth conditions 

There are no systematic studies on the optimal culture conditions for H. pylori, 
but the following conclusions can be extracted from the available data [5,10,21, 
27,35,37]. Chocolate agar is widely considered the most suitable solid medium. 
Similar results, however, can also be achieved with other media supplemented 
with horse serum, sheep blood, hemin, starch, yeast, or cholesterol [5]. These data 
suggest that the function of these supplements is rather the binding of toxic 
substances than the supplementation of nutrients. However, their exact functions 
are still not known. 

Recently Hazell et al. [21] conducted experiments which were designed to 
determine the role of heme and the importance of other factors for the growth of 
H. pylori. They were able to show that heme is not required as a source of 
porphyrin and suggested that bovine serum albumin and catalase provided 
protection from toxic fatty acids and inhibited the formation of other toxic 
products. 

Antibiotic supplements are widely used to isolate H. pylori from gastric 
biopsies. Dent and McNulty [10] proposed a modification of the Skirrow formula 
replacing polymyxin B by cefsulodin. They estimated that an additional 5 % of 
H. pylori strains which are sensitive to polymyxin B can be isolated on such a 
medium. Nalidixic acid should also be avoided in supplements used for primary 
isolation of H. pylori, since it was shown to inhibit the growth of up to 14 % of 
strains [10, 27, 28]. 

Cultivation in liquid media is now feasible in many laboratories and several 
formulas for liquid media have been suggested [37]. We used the medium 
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described by Majewski and Goodwin [33], which is brain-heart infusion broth 
(Oxoid, Wesel, F.R.G.) supplemented with horse serum, yeast, and hemin 
solution. 

Coudron and Kirby [8] have addressed the question of which transport media 
are necessary for the optimum recovery of H. pylori from biopsies. They conclude 
that biopsies can be stored at 4 °C in sodium chloride solutions for up to 72 h. We 
observed that under these conditons viable cell counts dropped by 1-1.510g steps. 
We used Fildes broth and obtained 96% positive cultures in patients with 
duodenal ulcer [4]. 

Cell envelope composition 

Interesting data have been gathered about the composition of the H. pylori cell 
envelope. Evans et al. [15] demonstrated that H. pylori cells are enveloped by a 
fibrillar hemagglutinin which binds to N-acetyl-neuraminyl-Iactose. H. pylori is 
able to attach to certain cell lines [14, 39] and to adhere to erythrocytes of different 
species [13, 23, 38]. Huang was able to divide H. pylori strains into two phenotypes 
according to their hemagglutination of either human group A and 0 erythrocytes. 
The second phenotype could be further subtyped by hemagglutination patterns 
using ox, sheep, goat, and guinea pig erythrocytes. He raised the question whether 
these hemagglutination patterns might reflect different degrees of strain virulence. 
These data also indicate that more than the adhesin described by Evans et al. [15] 
must be responsible for H. pylori hemagglutination properties. Recently, Ling
wood et al. [32] isolated a glycerolipid from gastric mucosal tissue that mediates 
specific attachment of H. pylori and might be the receptor for a yet unidentified 
further adhesin. 

Up to now, most data about H. pylori proteins are derived from whole cell 
protein preparations. The separation of outer and inner membranes has not yet 
been conclusively demonstrated. Perez-Perez and Blaser [43] and Dunn et al. [11] 
found the protein patterns of different H. pylori strains to be remarkably similar; 
however, there were marked differences from the patterns found in other 
Campylobacter species. Newell [40] also published results on H. pylori protein 
patterns and found a low variability from strain to strain. However, her data differ 
from those of Perez-Perez in certain details. 

Using numerical analysis of SDS-PAGE patterns, Owen et al. [41] found ten 
different electropherotypes, which mainly differed in the region of 47 - 56 Kda 
proteins but overall had high similarities. From data obtained by Apel et al. [1], it 
can be concluded that a 120-Kda protein is not expressed by all strains of 
H. pylori. These studies and our own observations show that proteins are similar 
in all H. pylori strains, but that there is a variety of strain specific minor changes in 
the protein profile. 

As for H. pylori lipopolysaccharide (LPS), only few data are available, but there 
seems to be a significant variability, which might contribute to the serologic 
heterogeneity of the species that some groups have described [43]. Using 
immunoblot analysis Burnie et al. [6] divided H. pylori strains into nine serological 
groups. Whether these serotypes reflect differences in the LPS structure or not 



Physiology of Helicobacter pylori 43 

needs further investigation. Serologic heterogeneity was also found by Danie1s
son et al. [9] using a co agglutination test with rabbit antibodies. In contrast, 
the same group found extensive antigenic similarities when analyzing rabbit 
immune responses against H. pylori strains with an enzyme immunoassay 
technique [22]. 

Analysis of the total fatty acid composition of H. pylori has been published by 
several groups, and the results of the recently published papers correspond well to 
each other (Table 1). The main fatty acids are myristic acid and C19 cyclopropane 
fatty acid, unusual is the appearance of 3-hydroxypalmitic and 3-hydroxystearic 
acid. We have studied the fatty acid substitution of isolated phospholipids and 
lipopolysaccharides and found the major fatty acids of H. pylori phospholipids to 
be myristic acid and C19 cyclopropane fatty acid, while the major fatty acids of 
H. pylori lipopolysaccharides are stearic acid, 3-3-hydroxypalmitic acid and 3-
hydroxy stearic acid (Fig. 1). This distribution of fatty acids in H. pylori is highly 
unusual. Myristic acid is the typical major fatty acid of enterobacteriallipopoly
saccharides and not a typical constituent of bacterial phospholipids. Its presence 
in H. pylori phospholipids as their major fatty acid is highly remarkable. This 
must lead to very peculiar physicochemical properties of H. pylori membranes 
[18 a]. 

Another very distinctive feature of H. pylori is the structure of its flagella. 
H. pylori is lophotrichously flagellated, and each flagellum is enveloped by a 
flagellar sheath which at its end dilates into a terminal club-shaped structure [26]. 
We have purified H.pylori flagellin; its molecular weight is 51 Kda [18]. So far 
there is no information about the structure and function of the H. pylori flagellar 
sheath, this is currently under investigation. 

The reviewed data and also other studies such as those on exoenzyme profiles 
[34, 35] indicate some degree of diversity within the species H. pylori. Reina and 
Alomar [44] were able to divide H. pylori into four biotypes using the Api ZYM
system. In addition to this, several groups [30, 33] have found marked differences 
in the DNA restriction endonuclease patterns among various strains of H. pylori. 
Whether these differences do really reflect genomic variability or just different 
enzyme susceptibilities due to different degrees of methylation has yet to be 
clarified. We and other investigators [42] have screened larger groups of strains for 
plasmid carriage; we found plasmids in 17 out of our 75 strains tested. The size 
varied between 2 and 40 kilobasepairs (unpublished data). The functions of these 
plasmids so far are unknown. 

Virulence factors 

The question of the heterogeneity of the species H. pylori is not at all academic. 
For a bacterium that is such a common parasite in man, criteria that would permit 
separation of pathogenic from non-pathogenic strains would be of the highest 
therapeutic and economical importance. In order to achieve this goal for 
H. pylori, the identification of factors making H. pylori virulent is a prerequisite, 
and the knowledge about possible H. pylori virulence factors will be reviewed very 
briefly in this light. At the moment, there are six major putative virulence factors in 
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Fig. la-c. Gas chromatography of H. pylori fatty acid methyl esters (FAME) of a whole cells, b 
phospholipids, and c lipopolysaccharides (strain 7138981). FAME of whole cells, isolated 
phospholipids and lipopolysaccharides were prepared by method A as described by Gmeiner and 
Martin [19]. Samples were analyzed on a gas chromatograph (model 3700, Varian, Palo Alto, CA) 
equipped with a flame ionization detector and a fused silica capillary column (FS-FFAP-CB 0.25, 
Macherey-Nagel, Duren, FRG). The column was temperature programmed from 140°C to 
220 °C. FAME were identified by comparing retention time to methylester standards 
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H. pylori, two of which are structural parts of the bacterium (flagella, adhesins), 
the four other factors being extracellular products, namely urease, cytotoxins, 
mucin-degrading proteases, and an acid secretion-inhibiting protein. 

The H. pylori urease is a 500- 600 Kda protein with a temperature optimum of 
43 °C-45 °C, a pH optimum at 8.2, and high substrate affinity [16,36,47,48]. It 
has been claimed that the urease is localized in the outer membrane and 
periplasmic space [3, 11]. Several groups have reported that culture filtrates or 
lysates of H. pylori have cytotoxic effects on different cell lines [17, 24, 31]. 
Sarosiek et al. [45] and Slomiany et al. [46] demonstrated that H. pylori secretes a 
mucin-degrading protease, but this activity was not found by Baxter et al. [2]. Cave 
and Vargas [7] showed that H. pylori inhibits acid secretion by gastric parietal 
cells, probably by a protein factor. 

There is only one published study about the relevance of these factors as 
virulence factors in an animal model. Eaton et al. [12] compared the virulence of 
H. pylori strains, which differed in motility and cytotoxin production, in their 
gnotobiotic piglet model and found a good correlation between motility and 
virulence, and a questionable correlation between cytotoxin production and 
virulence. The prevalence of these possible virulence factors has been studied 
systematically by several groups only for cytotoxin production. Leunk et al. [31] 
screened 200 strains for cytotoxin production and found 110 strains to produce 
cytotoxin. Urease production seems to be an almost invariable property of clinical 
H. pylori isolates, although the amount seems to vary. The prevalence of the other 
possible virulence factors is not known. 

From the reviewed data, it is likely that strains of H. pylori may differ in 
virulence, and that it may be feasible to establish criteria for guiding the decision 
to institute therapy, not only according to clinical data but also according to the 
results of strain analysis, especially concerning their expression of virulence 
factors. 
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In Vitro Susceptibility of Helicobacter pylori to 
Antibiotics and Bismuth Salts and the Importance of 
Acquired Resistance to Antibiotics in Treatment 
Failures of H. pylori Infection 

Y. GLUPCZYNSKI 

There is now overwhelming evidence that Helieobaeter pylori (formerly Campy
lobaeter pylori) is the major etiological agent of chronic active (type B) gastritis 
and that it may further predispose to peptic ulceration. Challenge studies in 
gnotobiotic piglets [1,2] and in two human volunteers [3,4] have reproduced the 
typical features of gastritis. Clearance of the organism with amoxicillin, furazoli
done, or bismuth salts leads to improvement or even total resolution of gastritis 
[5-8]. Moreover, well-designed controlled studies have shown that patients with 
healed peptic ulcer who remain persistently infected with H. pylori relapse much 
more frequently than patients cleared of the organism [9, 10]. In vitro, H. pylori is 
sensitive to most antibiotics (penicillin, ampicillin, cephalosporins, macrolides, 
quinolones, aminoglycosides, tetracyclines, and nitraimidazoles) except vanco
mycin, trimethoprim, and sulfonamides [11-15]. Among the various antiulcer 
drugs, bismuth salts are the only compounds that possess an antibacterial activity, 
though only a moderate one (minimal whibitory, concentration MICgo , 8-
32 mgjl), against H. pylori [12, 13]. There does not seems to be any difference in 
the levels of antimicrobial activity of the numerous existing forms of bismuth salts 
(subsalicylate, colloidal bismuth subcitrate, subcarbonate, nitrate, subnitrate, or 
oxychloride) (Glupczynski and Thibaumont 1989, unpublished data). 

In the clinic, however, experience with various antimicrobials has been 
particularly disappointing, especially when these were administered as a single 
agent. Amoxicillin - the most extensively studied antibiotic - has been shown to be 
effective in clearing H. pylori in 70 %-90% of patients, but the relapse rate shortly 
after treatment is very high and long-term eradication has not been achieved in 
more than 20 % of individuals [8, 16, 17]. In one study, administration of 
furazolidone resulted in encouraging results, with an initial clearance rate of93 % 
and a 6-week eradication rate of about 40 % [7]. Monotherapy with other agents 
has been almost totally ineffective with clearance rates ranging between 0 % and 
30% [8, 16-18]. 

Different factors have been suggested as being responsible for the lack of 
clinical efficacy: insufficient drug concentration in the gastric mucosa and crypts 
due to poor penetration, local inactivation of the drug, decreased antibacterial 
activity of some antibiotics at low pH, inappropriate formulation or modality of 
administration of the drug, inadequate duration of treatment, or poor compliance 
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[19-22]. Although acquired resistance of H pylori to antibiotics has been 
previously reported [23,24], its exact role in the treatment failures has not been 
thoroughly discussed. In this paper we will review the various antibiotics which 
proved ineffective in the eradication of H pylori, possibly because of the 
development of acquired resistance during treatment. 

Nitroimidazoles 

Several early studies performed before H pylori was recognized demonstrated 
some efficacy of metronidazole in the treatment of peptic ulcer [25, 26]. However, 
these studies essentially focused on the initial ulcer healing rate and did not 
mention the frequency with which relapses occurred after initial healing. 
Moreover, these investigators did not differentiate between duodenal and gastric 
ulcer, so that their results cannot be further evaluated concerning a pathogenic 
role of H pylori in either gastric or duodenal ulcer. 

In vitro, H pylori is moderately sensitive to metronidazole and to tinidazole 
(MIC range 0.5- 32 mg/l), and, according to different studies [11,12,15,24,27], 
between 15 % and 50 % of strains tested have been found to be primarily resistant 
to metronidazole or tinidazole (MIC> 8 mg/l). Both compounds have proved 
unsuccessful in clearing H. pylori from the gastric mucosa when used as a single 
agent (clearance rate, 3%-20%) [10, 18, 28, 29]. In a double-blind placebo
controlled prospective study in patients with duodenal ulceration, Goodwin et aL 
[24] found that isolates from 19/27 (70 %) patients after combined treatment with 
cimetidine and tinidazole had become resistant to tinidazole (see Table 1). By 
contrast, when colloidal bismuth subcitrate (CBS) was administered with 
tinidazole, acquired resistance associated with failure to eradicate H pylori was 
observed in only 2/22 (9 %) patients. Spontaneous resistance to nitroimidazoles 
was induced in vitro in three of 22 sensitive cultures after overnight subculture in 
liquid medium and plating on agar containing 8 mg/l of metronidazole [24]. 
Combination of a nitroimidazole with a bismuth salt not only prevents the 
emergence of resistance, but it also enables long-term eradication (6-12 months 
after completion of treatment) of Hpylori in about 75% of the patients [10]. 
Although direct comparative studies have not been performed, various reports 
from the literature suggest that the nitro imidazole/bismuth regimen achieves a 
higher and more sustained eradication rate than a combination of bismuth and 
amoxicillin [8, 10, 16]. 

The fact that metronidazole - but not ampicillin - is secreted in the stomach and 
reaches high levels in the gastric juices after parenteral administration [30] is an 
argument for using this compound in clinical trials for H pylori and might 
possibly account for the better results achieved with the nitro imidazole/bismuth 
combinations. Because bismuth salts are not licensed in all countries and because 
these compounds are contraindicated in children, alternative regimens aimed at 
the prolonged eradication of H pylori have been sought. 

The efficacy of tinidazole plus amoxicillin was recently assessed in a group of 32 
children with nonspecific abdominal pain and H pylori-associated gastritis. Out 
of these 32 children, 30 (94 %) were cleared of H pylori after a 6-week treatment 
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and 9/12 (75%) of these still remained free of H.pylori after 6 months [31]. 
Recently, we treated 41 dyspeptic adult patients with H. pylori-associated gastritis 
with the same amoxicillin/tinidazole regimen, but administered the drugs for only 
7 days (A. Burette and Y. Glupczynski, unpublished data). Overall eradication of 
H. pylori was found in 25/41 (61 %) patients, 6 weeks after the end of treatment. 
However, significantly different results were observed according to the sensitivity 
of H. pylori to tinidazole before therapy. 

All ten patients originally infected with a H. pylori strain naturally resistant to 
tinidazole failed to respond, whereas 25/31 (81 %) patients with an initial isolate 
sensitive to tinidazole responded to treatment (x2 = 17.4, p < 3 x 10- 5). In this 
subgroup of patients, 5/6 patients not cleared of H. pylori had an isolate resistant 
to tinidazole at the control endoscopy. Emergence of resistance to tinidazole 
occurred in only 5/31 (18 %) patients under the double amoxicillin/tinidazole 
combination therapy. It seems thus clear from all the aforementioned studies that 
a combination of tinidazole or metronidazole with another active anti-H. pylori 
agent (either a bismuth salt or amoxicillin) may be both clinically effective and 
reduce the risk of development of resistance. So far, a triple association including 
bismuth, metronidazole, and amoxicillin has not resulted in better eradication of 
H. pylori than the double association without amoxicillin (about 85 % eradication 
4 weeks after treatment with both regimens) nor does it further reduce the risk of 
the emergence of resistance to metronidazole [32]. 

Above all, when considering combination therapy with a nitroimidazole 
compound, the sensitivity of the H. pylori strain before treatment may efficiently 
predict the outcome of the therapy. As far as the mechanisms of resistance are 
concerned, it is hypothesized that a small subpopulation of resistant mutants may 
be selected by metronidazole or may preexist, and that combination with a second 
active agent will lower the inoculum size of the infecting organisms, hence 
preventing the emergence of resistant mutants. Resistance to metronidazole has 
not been extensively investigated and the genetic modifications by which bacteria 
acquire resistance to this drug remain as yet poorly understood. The resistance is 
usually ascribed to decreased uptake through the bacterial cell wall and/or to 
decreased nitroreduction by bacterial enzymes inside the bacteria [33]. 

Fluoroquinolones 

Despite good in vitro actlVlty, several clinical studies with fluoroquinolones 
(ciprofloxacin, ofloxacin, and norfloxacin) have so far proved unsuccessful in 
eradicating H. pylori from the gastric mucosa [18, 23, 34, 35]. In most instances 
(between 70 % and 100 % according to various studies), when the susceptibility 
of the infecting strains was determined, the rapid development of resistance to 
quinolones was noted [18, 23, 34, 35] (Table 1). A 16- to 64-fold increase in 
the MIC (from 0.25-1 mg/l before treatment up to 16-32 mg/l after treat
ment) of ofloxacin or ciprofloxacin were reported in two studies after the failures 
observed with these agents [18,23]. This resistance extended to other 4-quinolone 
derivatives but not to amoxicillin or to other antibiotics (tetracycline, metronida
zole) [23]. Besides this, it has been stated that the lack of clinical efficacy of 
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quinolones might be due to decreased activity at low pH [20,21]. However, despite 
a 4- to 16-fold decrease in antibacterial activity against H. pylori at pH 5 (MIC, 
2 mgll) as compared to neutral pH (MIC, 0.12 mg/l), ciprofloxacin achieves 
gastric mucosal concentration largely above the MIC even 6 h after a single 500-
mg oral dose [21]. 

This observation and the fact that resistance also frequently emerged in patients 
receiving concomitant treatment with H2 antagonists indicate that decreased 
activity at a more acidic pH cannot completely explain the lack of clinical efficacy 
of the quinolones. 

In vitro, it has been possible to select the development of resistant mutants (at a 
frequency of about 10 - 8) after several passages of organisms in the presence of 
low concentration of various quinolones [20]. The resistant mutants thus selected 
were 32- to 64-fold less susceptible to quinolones (MIC, 32-64 mg/l) than their 
sensitive counterparts (MIC9o , 0.25-0.5 mg/l). As for various Campylobaeter 
species, two different mechanisms may account for this resistance. It may either 
involve a modification in the DNA gyrase - the target enzyme of quinolones - or it 
may be due to a modification in the bacterial outer membrane proteins, rendering 
the drug unable to penetrate the bacteria [36]. It is thus probable that despite the 
low frequency of spontaneous mutation, this event may be of clinical significance 
in patients heavily infected with H. pylori (~1 09 colonies at some sites of 
infection). Quinolones would thus eliminate most organisms from the gastric 
mucosa and select for the few resistant mutants, which would subsequently 
replace the susceptible population of bacteria. Additionally, this selection of 
resistant organisms may be further facilitated by low drug concentrations in some 
areas of the colonized stomach and by reduced antibacterial activity in the 
presence of a low pH. 

However, unlike with nitroimidazoles, there is at present insufficient evidence 
to support the hypothesis that the combination of a quinolone with a second active 
anti-H. pylori agent will effectively increase the clinical efficacy. 

In one study, Bayerdorffer et al. [37] reported a 78 % clearance rate and an 
eradication rate of 33 % (4 weeks after the end of treatment) in 14 patients with 
duodenal ulcer who had received bismuth subsalicylate and ofloxacin for 1 month. 
After treatment, 3/14 (21 %) isolates from these patients were resistant to 
ofloxacin (MIC > 4mg/I). However, this study compared the efficacy of bismuth 
and offloxacin versus ranitidine on ulcer healing and H. pylori eradication, so that 
no patients received either bismuth or ofloxacin alone. 

In another small noncomparative pilot study of 11 patients with H. pylori
associated gastritis, a combination of amoxicillin (4 x 500 mg/day) and ofloxacin 
(2 x 200 mg/day) administered for 7 days proved ineffective in eradicating 
H. pylori from the stomach in ten out of 11 patients despite the fact that no 
resistance to ofloxacin emerged during treatments. The one patient who was 
temporarily cleared of H. pylori relapsed after 2 months of follow-up 
(Y. Glupczynski and A. Burette, unpublished data). 

Besides disappointing clinical results, another point strongly arguing against 
the use of quinolones in treating H. pylori-associated gastritis is the fact that these 
antibiotics bind to cations and form inactive chelate complexes in the intestinal 
lumen, and hence have a reduced absorption in the presence of antacids 
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containing Al 3 + and Mg 2 + [38]. Such a situation is likely to occur frequently in 
dyspeptic patients who often take these medications. 

Is summary, the rapid development or resistance combined with the decreased 
activity of quinolones at low pH make these agents unsuitable for the treatment of 
H. pylori infection, even in association with bismuth salts or other antibiotics, 
because better, alternative agents are available. 

Macrolides 

In vitro, macrolides demonstrate excellent levels of activity against H. pylori (as 
active as amoxicillin, the MICs of erythromycin being in the range of 0.06-
0.5 mg/l [14,20,39]. In a placebo-controlled trial, however, erythromycin ethyl
succinate has been found ineffective in clearing H. pylori from the gastric mucosa 
of patients with gastritis (only one of15 or 7 % patients cleared) [6]. Similar studies 
with other macrolides or related agents such as osamycin, spiramycin, or 
clindamycin have not been more successful [17,28,40]. 

Since the activity of erythromycin is markedly affected by the reduction in pH 
(about 100 times less active at pH 5 than at pH 7.5) [22], it can be expected to be 
even less active in vivo at the pH of the gastric mucosa and crypts. Moreover, 
comparative measurements of gastric mucosal concentrations after a single 500-
mg oral dose of erythromycin ethylsuccinate have shown lower levels than after a 
similar dose of other antibiotics (amoxicillin, pivampicillin, and ciprofloxacin) 
[21]. Although these local concentrations of erythromycin were above the MIC90 

value for H.pylori at pH 7.5 (0.12mgfl) in 17/18 assessed patients, they were 
found insufficient to achieve inhibitory concentrations at a pH level less than 6, 
which thus explained the lack of clinical efficacy. 

In a recent small pilot study in dyspeptic patients with H. pylori gastritis, we 
evaluated the efficacy of azythromycin. This new macrolide antibiotic has a 
similar level of activity as erythromycin against H. pylori [38] but better acid 
stability, and it achieves 10- to 40-fold higher tissue levels than erythromycin 
following oral administration [41]. Nevertheless, azythromycin did not prove 
more effective than other macrolides; only 2/12 (16%) patients were cleared of 
H. pylori after a i-week course of treatment, and the two patients temporarily 
cleared relapsed 4 weeks after the end of treatment. Studies of the susceptibility of 
H. pylori after treatment showed that in 9/12 patients, the H. pylori strain 
isolated at the follow-up endoscopies was resistant to azythromycin (MIC 
> 64 mg/l) and that in all cases it showed cross-resistance to erythromycin 
and also to clindamycin, but not to amoxicillin, tetracyclines, or metronid
azole. 

The development of resistance was documented in four patients in whom both 
the pre- and post-treatment matching isolates were available (pretreatment strain, 
MIC 0.25 mg/l; post-treatment, MIC > 64 mg/l). This resistance was stable and 
persisted for up to 3 months in three patients followed up after treatment. 

Although more acid stable than erythromycin, the in vitro activity of 
azythromycin is also significantly decreased when the pH level drops from 8 (MI C, 
0.25 mg/I) to 5.5 (MIC, 1 mg/l) [20]. It is, however, improbable that this factor 
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accounted on its own for the failures since the clinical efficacy of azythromycin 
was not enhanced by the coadministration of H2 antagonists in two patients. 

A combination of CBS and erythromycin base (500 mg every 6 h) for 14 days 
has been administered in an open-mode study to 17 patients with duodenal ulcer 
and H. pylori-associated antral gastritis [24]. This regimen seemed more effica
cious than single therapy with erythromycin alone and resulted in ulcer healing 
in 15/17 (88 %) subjects and in the elimination of H. pylori in 11 (65 %) of these 
patients. However, no long-term follow-up was reported and the sensitivity to 
erythromycin was apparently not determined. Indeed, acquired resistance to 
erythromycin and related agents has not been reported before in H. pylori studies, 
most probably because sensitivity was not determined in the earlier clinical trials 
in which these antibiotics were used. 

Resistance to erythromycin and to other macrolides - usually associated with 
cross-resistance to clindamycin - is however well known in related organism such 
as Campylobaeter jejuni or Campylobaeter eoli. Although the mechanism of 
resistance in these bacteria has not been fully elucidated, it seems unrelated to the 
presence of a plasmid, but rather to be constitutive and chromosomally mediated 
[36]. As with the quinolones, spontaneous mutants of H. pylori resistant to 
macrolides may be selected in vitro at low frequency (10- 8) after successive 
exposure of H. pylori to growing concentrations of erythromycin [20]. 

Other Factors Implicated in the Failure of H. pylori 
Infection Treatment 

Among other antimicrobials that have been used in the treatment of H. pylori 
infection, no acquired resistance of H. pylori to ampicillin, amoxicillin, furazoli
done, or tetracyclines has yet been described (Table 1). Moreover, no resistance or 
increase in the MIC to bismuth salts was observed in a group of 15 patients who 
relapsed after having received CBS [42]. The fact that recrudescence of infection 
rapidly takes place after single therapy with amoxicillin or CBS without the 
development of resistance to these compounds clearly indicates that other factors 
may be important in explaining the failures to treat H. pylori infection observed 
with these agents. 

Besides gastric mucosa concentrations and the stability of the drugs over a wide 
range of pH, the physicochemical properties of a molecule (lipid solubility, degree 
of ionisation) are probably of crucial importance to the antibacterial activity at the 
site of infection. The respective importance of the local and systemic effects of 
antibiotics are still poorly understood; the optimal drug formulation (syrup versus 
powder, capsules, or tablets) is as yet unknown, as no direct comparative studies 
with the same agent in different forms have been conducted. However, such 
studies are needed since different formulations could result in variable local or 
systemic concentrations. It is indeed possible that patchy distribution of a locally 
active antimicrobial over the gastric mucosa may cause wide variation in the 
concentration in the esophagus, stomach, or duodenum, and hence subsequently 
lead to relapse or to the development of resistance. Similarly, the best modality of 
administration (time of administration, number of daily doses) as well as the 
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Table 1. Activity of various antibiotics against H. pylori before and after treatment 

Agent (MIC9o) (mgjl) % H. pylori resistant Reference 

Pre- Post- Pre- Post-
treatment treatment treatment treatment 

Quin%nes 
ofloxacin 0.5 32 0 100 23 
ofloxacin 1 16 0 80 18 
ciprofloxacin 0.5 18 0 70 18 
ciprofloxacin ? ? 0 100 35 
norfloxacin ? ? 5 88 34 

Nitroimidazoles 
Metronidazole 1 64 0 50 18 
tinidazole 4 > 16 17 70 24 

Beta-lactams 
amoxicillin 0.03 0.06 0 0 5 
Ampicillin 0.12 0.06 0 0 18 
Penicillin 0.12 0.12 0 0 18 

Others 
Azythromycin 0.5 >64 0 66 A. Burette, 1989 

(unpublished 
data) 

minocyc1ine 0.5 0.5 0 0 17 
Paromomycin 4 4 0 0 17 
Furazolidone 12.5 12.5 0 0 7 
Bismuth 16-32 16-32 0 0 42 
subcitrate 

optimal duration of treatment will have to be determined and adapted individu
ally for each suitable therapeutic agent. All these parameters should also be 
investigated in the future in experimental animal models in order to gain a more 
comprehensive approach to treatment in humans. Finally, poor compliance of the 
patients to treatment should not be overlooked and may account for a significant 
proportion of failures, especially with prolonged antibiotic treatment [19]. 

Conclusion 

This paper summarizes the clinical trials in which failures to eradicate H. pylori 
from the stomach possibly occurred because of the development of resistance 
during treatment. It confirms that the in vitro susceptibility of this bacterium to 
antibiotics is not at all predictive of the in vivo eradication rate. There is however, 
good evidence from in vitro data that resistance to antibiotics may have occurred 
during treatment because of the selection of naturally resistant mutants. Such an 
event which occurs at low frequency, may be avoided by combining the antibiotic 
with a second active anti-H. pylori agent (either a bismuth salt or another 
antibiotic). 
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Indeed, almost all reports dealing with acquired resistance in H. pylori have 
been in patients who had received a single antibiotic or combination therapy with 
H2 antagonists. This last observation casts some doubts on the hypothesis that the 
clinical efficacy of some antimicrobials (quinolones, macrolides, ampicillin) 
would be enhanced at higher pH by combining them with an H2 antagonist. On 
the contrary, treatment with anti-H2 blockers might increase the degree of 
stomach colonization by H. pylori and subsequently facilitate the selection of 
resistant mutants. Furthermore, by increasing the colonization of the stomach 
with a mouth or intestinal flora, there is a theoretical risk that antibiotic resistance 
encoding plasmids might be transferred to H. pylori from other bacteria, although 
this h\!s not yet been described. 

On the other hand, combination therapy with a bismuth salt and an antibiotic, 
or two different antibiotics alone, will both improve the eradication rate of 
H. pylori and reduce the risk of resistance development. Until the "optimal" drug 
is found, monotherapy should not be recommended for the treatment of patients 
with H. pylori infection. At present, it seems that a double combination including 
a nitro imidazole drug and a bismuth salt or amoxicillin is suitable for the long
term eradication of H. pylori provided the initial infecting strain is susceptible to 
nitroimidazoles. Alternative regimens need to be found however for those patients 
infected by a naturally nitroimidazole-resistant bacterium, a situation which 
occurs in about 20 % of the cases. 

Whatever the therapeutic combination proposed, it is strongly advisable for all 
therapeutic protocols of H. pylori infection to include a culture of H. pylori both 
before and after treatment in order to monitor its susceptibility to antimicrobials. 
As the importance of H. pylori in the pathogenesis of various gastroduodenal 
disorders begins to be recognized, antibacterial chemotherapy will be more 
frequently administered in the future for the management of patients with 
gastroduodenal ulcers. We wish to emphasize the importance of the rational use of 
antibiotics in this clinical setting in order to avoid their misuse frequently leading 
to antimicrobial resistance and hence having a negative ecological impact on the 
gastric and intestinal microflora. 
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Taxonomy and Biology of Helicobacter pylori
a Comment 

F. MEGRAUD 

A great deal of information has already been published concerning the taxonomy 
and biology of Helicobacter (Cambylobacter) pylori. From a taxonomic point of 
view, the final decision with regard to the classification of this species had not been 
made. Knowledge of the biology of the microorganism is still unclear regarding 
the coccoidal forms, and molecular biology is at an early stage. New data 
concerning these three topics have been presented here. 

Taxonomy 

Genotypic data of rRNA hybridization and sequencing have shown that H. pylori 
is very different from the true Campylobacters and is similar to Wolinella 
succinogenes. The point then became to decide if both were to be included in the 
same genus W olinella or if a new genus had to be created. Goodwin presented 
arguments supporting the latter proposal, showing that the ultrastructure, fatty 
acid composition, and biochemical tests are different for H. pylori and 
W. succinogenes. 

The new genus created is Helicobacter from the Greek "helix" which means 
spiral. Two species have been assigned to this new genus: H. pylori and 
H. mustelae, the ferret organism. Since these data have been published in the 
International Journal of Systematic Bacteriology (1989, 39, 397 -405), the change 
in genus is definitive. 

Coccoidal Forms 

These forms are without doubt a key point in the physiology of the bacterium. The 
existence of such nonculturable forms helps in understanding the lack of positive 
results while looking for H. pylori in the environment, and the difficulty in the 
eradication of these bacteria. 

Using transmission electron microscopy, Jones was able to observed the 
morphological transformations from spiral to coccoidal forms, an event which he 
thinks is a response to less favorable conditions. In these transformations, the 
problem seems to be at the cell wall level. While the nucleus is dividing, the 
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peptidoglycan fails to do so and a spherical form develops. This anomaly may be 
linked to nutritional requirements which are not met. The presence of flagella at 
two sites supports this mechanism because two-site flagella are only seen on 
dividing organisms. 

Quantitative analyses performed on both spiral and coccoidal forms were 
reported by Opferkuch. Coccoidal forms contain more lipopolysaccharides, more 
protein, and less phospholipids. 

Molecular Biology 

Labigne and colleagues presented important new data on the gene for urease. The 
gene was cloned by using a shuttle vector. The urease activity was originally found 
in a 44 kb fragment and, subsequently, in an 8.1 kb sub fragment. A 4.2 kb 
sequence is required for the expression of the urease: two genes encode the two 
subunits of the molecule, another gene is absolutely required for urease activity. 
When they looked at the amino acid sequence derived from DNA analysis in 
comparison with that of the jack bean urease, they found a high degree of 
conservation and a perfect alignment of the amino acids. Not only is the N 
terminal sequence conserved but also the whole sequence of the molecule. Such a 
high degree of homology between plant and bacterial ureases suggests that the 
conservation of polypeptides will be higher with bacterial ureases. This could be a 
source of cross reactions in serology if urease is used as the antigen. 

Need for Culture 

Given the present state of our knowledge, culture of the organism when studying 
patient gastric biopsy material is an absolute necessity. Opferkuch highlighted the 
potential differences in the virulence factors between strains. Glupczynski 
addressed the question of antimicrobial resistance in H. pylori. Acquisition of 
resistance concerns at least three groups of antimicrobial agents: nitro imidazole 
compounds, quinolones, and macrolides. This is the first report of resistance to the 
latter group. Resistance is a major problem for nitroimidazoles because they are 
widely used in the treatment of H. pylori infection. If a strain is resistant, treatment 
failure can be predicted by an in vitro susceptibility test. It is also important to 
culture the organism in order to be able to apply typing methods of epidemiolog
ical value. Fraser shared with us her experience using three techniques: DNA 
restriction endonuclease analysis, Southern blot hybridization, and sodium 
dodecylsulfate polyacrylamide gel electrophoresis. The second technique gave 
very good results but was technically more complicated. 

These important findings have been presented in the foregoing pages. We are 
now looking forward, in particular, to seeing a molecular biology approach to the 
problem of coccoidal forms. 
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Virulence Factors of Helicobacter pylori -
Ultrastructural Features 

G. BODE, P. MALFERTHEINER, G. LEHNHARDT, and H. DITSCHUNEIT 

The detection of H elicobacter pylori in gastric biopsy specimens of patients with 
gastritis, and gastric or duodenal ulcers has provided the basis for a new concept in 
the etiology of gastroduodenal diseases [1-4]. 

Little is known concerning the factors that allow the colonization of the gastric 
mucosa and the induction of gastritis. H. pylori entering the human digestive 
system encounter a battery of nonspecific and specific chemical and cellular 
defense mechanisms. The role of these mechanisms is to inactivate and eliminate 
foreign materials. By overruling the various defenses H. pylori is able to establish 
itself within the mucosa. As this occurs, the bacteria start to exert their pathogenic 
potential. 

The phenomenon of mucosal infection by H. pylori is complex and multi
factorial. Several biochemical properties may act individually or together to 
produce infection and disease. After identification of microbial factors in various 
strains of H. pylori exhibiting virulence-associated properties, it is necessary to 
evaluate their actual contribution to bacterial pathogenicity. 

This paper deals in detail with the virulence factors of H. pylori and their 
influence on ultrastructural alterations of surface mucus cells. Additionally an 
attempt is made to identify strains of high and low virulence on the basis of the 
morphological features. The investigated virulence factors, their proposed 
function, and their relation to ultrastructural alterations are summarized in 
Table 1. 

Table 1. Virulence factors of H. pylori and their relation to pathological alterations 

Virulence factor Reference Pathological alterations 

Motility [5, 7, 8] Favors colonization 
(shape, flagella) 

Urease [12, 13] Neutralizes gastric acid 
Protease [20,23] Breakdown of mucus network 
Lipolytic activity [29,30] Generation of lysolecithin 
Cytotoxins [34, 35] Intraplasmatic vacuolization 
Adhesins [37, 39] Binding to the receptor 

University of UIm, Dept. ofInternal Medicine II, Robert-Koch-StraBe 8, D-7900 UIm, FRG 

Helicobacter pylori, Gastritis and Peptic Ulcer 
Edited by P. Malfertheiner and H. Ditschunelt 
© Spnnger-Verlag Berlin Heidelberg 1990 



64 G. Bode et al. 

Shape - Flagella - Motility 

H pylori appears to be specifically adapted to the viscous milieu of the gastric 
mucus. The spiral shape and the active flagella enable the bacteria to move easily 
in the viscous environment [5]. Motility is an established virulence factor for 
bacterial pathogens [6, 7] and it was shown by Eaton et al. [8] that the most motile 
strain of Hpylori is the most virulent with 100% infection rate in gnotobiotic 
piglets. In recent studies it was shown that flagella do not only provide motility, 
but they bear adhesins and are thus more directly involved in the actual adhesion 
event [9]. In addition, flagella of H pylori have bulbs on their ends (Fig. 1) similar 
to those seen in Vibrio species. These bulbs may essentially favor the adhesion. 

In several isolated strains of H pylori we were able to demonstrate a so-called 
polar organelle (Fig. 2). This organelle presumably is part of the flagellar 

a • c 

"' • • 

Fig. la-c. The flagellar characteristics of H.pylori. a 4 - 6 flagella originate from one pole. 
Arrows point at the typical "terminal bulb." Negative staining; x 20000. b Negative staining; 
x 160000. c Ultrathin section; x 160000 

a 

1 

Fig. 2 a, b. The "polar" organelle of H. pylori. a This organelle is occasionally found along the 
membrane; x 35000. b Ultrastructural characteristics; x 170000 
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apparatus and contains ATPase and cytochrome oxidase [10, 11]. As this organelle 
has been observed only in flagellated bacteria and often in close association with 
the flagellar insertion area, but also along the bacterial membrane, it is speculated 
that this organelle works as a "proton-translocating pumping system." 

Shape, flagellar organelles, and motility enhance the virulence of H. pylori by 
facilitating colonization of the antral mucosa. 

The Urease System 

The ability of H. pylori to survive the bactericidal acidity in the stomach is 
primarily attributed to a high bacterial urease activity. The hydrolysis of urea 
molecules present physiologically in the gastric juice leads to production of 
ammonia which acts as an acceptor for H + ions, and finally increases the local pH 
[5, 12]. Compared with other urease-producing bacterial species H. pylori 
demonstrates the highest activity [13]. If urease activity represents an important 
factor for H. pylori, the enzyme must be rapidly and constantly available. To 
validate this hypothesis we studied the localization and characteristics of urease 
using electron microscopic techniques [14, 15]. In these experiments 12 H. pylori 
strains of patients with chronic active gastritis were incubated with sodium 
tetraphenylboron, an ammonia-precipitating agent in the presence of urea. This 
precipitate was replaced by silver ions and thin sections were analyzed in the 
electron microscope. 

The analyzed strains were divided into three groups according to the 
localization of urease activity. The. urease-positive strains (11/12 = 91.5%) 
showed urease activity in the periplasmatic region and at the outer membrane 
(5/12 = 41.5 %), and in six strains additionally in the cytoplasm (6/12 = 50.0%). 
One strain had lost its urease activity during various culturing passages (Fig. 3). 
There are no data available at the moment concerning the relation between the site 
of urease localization and the degree of virulence of the tested strains. However, in 
strains with urease activity in both locations, there is a more pronounced atrophy 
of gastric mucosa. 

In numerous studies, it has been shown that ammonia can produce functional 
and morphological alterations in gastric epithelium in vitro, including (a) 
reduction of transmucosal potential difference [12, 16, 17], (b) enhanced back
diffusion ofH+ to the epithelial cells [18], (c) increase of bacterial adherence [19], 
and (d) inactivation of complement. 

Proteolytic Activity 

Many microorganisms produce extracellular proteases. Protease actlVlty is 
implicated as a critical factor for the colonization of H. pylori in the mucus 
layer of the stomach. This virulence factor first described for H. pylori by 
Slomiany [20] is capable of rapid degradation of gastric mucin. This process 
impairs the viscoelastic and hydrogen ion retardation capacity of gastric mucus 
[21-23]. 
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Fig.3a-c. Ultrastructural localization of 
urease activity in transversally sectioned 
H. pylori; x 70000. a H. pylori strain with no 
urease activity. b H. pylori with urease activity 
at the outer membrane. c H. pylori with ad
ditional urease activity within the cytoplasma 

Recently we were able to demonstrate by electron microscopy that the mucus 
layer is built up by a three-dimensional network [5]. This netlike structure (Fig. 4) 
stabilizes the unstirred layer and builds up a pH gradient together with 
bicarbonate [24]. Figure 4 shows an ultrathin section through the mucus layer of a 
normal control person without H. pylori infection. Globular particles are radially 
combined with thin filamentous structures (arrows). This is also shown by 
scanning electron microscopy. 

In patients with H. pylori infection the threadlike structure is destroyed and the 
globular particles are clumped together, demonstrating a breakdown of the stable 
and protective mucus layer in this area (Fig. 4). After eradication of H. pylori, the 
rapid regeneration of this netlike structure is observed. 

Similar results and improvement of the physiologic properties of mucus were 
obtained by blocking the proteolytic activity of H. pylori by colloidal bismuth 
subcitrate (CBS) [25]. 
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Fig. 4 a-d. Ultrastructural set-up of the mucous layer. a Netlike structure; arrows point at thin 
filaments; x 100000. b Scanning electron microscopy; x 120000. c Clumped globular particles of 
the disrupted mucous layer; x 100000. d Same preparation by scanning electron microscopy; 
x 120000 

Lipolytic Activity 

Many pathogenic microorganisms are known to produce lipases and phos
pholipases which are regarded as virulence factors [26]. It was recently shown that 
epithelial mucous cells of the stomach are able to synthesize and store surface
active phospholipids, which may be an essential component of the stomach's 
protective hydrophobic lining [27,28]. Slomiany et al. [29] and Riidsch et al. [30] 
have shown that H. pylori is capable of inducing mucosal lipid degradation and 
that the main activity is a phospholipase A. 

Ultrastructural studies are in progress to investigate if the hydrophobic lining of 
the surface mucous cells is diminished or distorted by H. pylori produced 
phospholipase [31]. 

Cytotoxins 

There is recent data concerning the cytotoxin production by H. pylori strains 
[32,33]. Some morphological and ultrastructural alterations in cultured cells have 
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Fig. 5. Intracytoplasmatic vacuolization (arrows) of surface mucous cells; x 11000 

been observed in the presence of cytotoxins in vitro. The actual role of cytotoxins 
in H. pylori infection has not yet been clarified. A cytotoxic but not cytolethal 
factor was shown able to induce intracellular vacuolization in HeLa cells [34]. 

We found intracytoplasmatic vacuolization of surface mucous cells in antral 
biopsy specimens obtained from patients with active chronic gastritis and patients 
with active duodenal ulceration (Fig. 5). This is likely to be an effect of cytotoxin 
because Leunk et al. [35] did not report such alterations to be a consequence of 
urease activity. 

The ultrastructural data shown in Table 2 may be related to some "toxic 
effects" elaborated by H. pylori. The thickness of the glycocalyx of the surface 
mucous cells is significantly reduced (P < 0.001) compared with a control group 
(H. pylori negative). This is also shown in Fig. 6. The length of the microvilli in the 
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Table 2. Ultrastructural data of surface mucous cells of patients with active chronic gastritis 
(ACG) compared with a control group (C); mean ±SD 

Glycocalyx 

Thickness (flm) Length (flm) 

C 0.24±0.04 0.66±0.08 
(n = 8) 

ACG 0.12 ± 0 .01 ** 0.59±0.08 * 
(n = 18) 

** P < 0.001 (C vs ACG); * P < 0.01 (C vs ACG) 

--my , , , , 

a b 

Microvilli 

Diameter (flm) 

0.21 ±0.03 

0.21 ±0.02 

lu 

Fig. 6a, b. Ultrastructural appearance of microvilli (mu) and glycocalyx (gx). a Normal surface 
mucous cell; x 80000 (mg, mucous granule) . b Surface mucous cell of a patient with active chronic 
gastritis; x 80000 (lu, lumen) 

patient group with active chronic gastritis (H. pylori positive) is also significantly 
reduced (P < 0.01). 

In some strains of H. pylori grown in liquid media we were able to demonstrate 
an intracellular crystalline structure with distinct subunits (Fig. 7). Several 
morphological forms of these crystalline structures were observable depending on 
the plane of section. The nature of these structures remains unclear, however, they 
show some similarity with crystalline structures in Bacteroides nodosus which may 
have some relation to the virulence properties of that organism [36]. 
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Fig. 7. Intracytoplasmatic crystal-like inclusions; x 200000 

Adhesion 

Adhesion is an important factor in the initiation of many bacterial infections. The 
adhesion of H. pylori to the apical cell membranes of surface mucous cells 
represents the final step in the process of association with the mucosa. 

The surface of H. pylori may contain both nonspecific factors (differences in 
surface charges, hydrophobic interactions) and specific factors (adhesins, aggluti
nins) which influence its adherence to the membrane of surface mucous cells [37-
39]. 

Besides the intimate contact of the bacterial cell wall with the membrane of the 
surface mucous cell, there is often a "fibrillar" connection observed between 
H. pylori and its "target" cell (Fig. 8). At the ultrastructural level two possibilities 
of contact appear to exist. 

The precise molecular structure and function of these specialized adherence 
factors have to be established. 
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Fig. 8 a, b. Contact characteristics of H. pylori with the cell membrane of a surface mucous cell. a 
Thin fibrillar connection between both membranes; x 120000. b Direct contact of H. pylori and 
the surface mucous cell (arrows); x 100000 

Outlook 

Not all strains of H. pylori have an equal potential for causing infection, disease, 
and probably symptoms. 

We are just beginning to unterstand the molecular basis of H. pylori pathogenic
ity. At the present, there are few examples for which a biochemical mechanism is 
thought to be known. These factors are mainly all surface structures that cause 
H. pylori to exhibit one or more of several pathogenicity-associated properties, 
namely urease, protease, lipolytic activity, cytotoxins, and adhesins. 

The virulence in H. pylori strains is obviously multifactorial and there is a great 
deal yet to be learned about the relative importance of the various factors 
discussed. 
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Molecular Cloning and Sequencing of 
Helicobacter pylori Urease Genes and Detection 
of H. pylori Using the Polymerase Chain 
Reaction Technique 

C. L. CLAYTON, M. J. PALLEN, H. KLEANTHOUS, B. W. WREN and S. TABAQCHALI 

The genes encoding the two structural subunits of the Helieobaeter (Campy
lobaeter) pylori urease enzyme were cloned and sequenced. The derived amino acid 
sequences of the two H. pylori urease genes showed marked homology to both 
jack bean and soybean ureases. Almost 57 % of residues were identical in the 
bacterial and plant ureases. This degree of similarity between a eucaryotic protein 
and a bacterial protein is almost unprecedented. The close similarity of the 
bacterial protein to the plant enzymes is an evolutionary anomaly that is perhaps 
best explained by horizontal gene transfer. The polymerase chain reaction 
technique using oligonucleotide primers to the H. pylori urease DNA sequence 
was found to sensitively detect H. pylori cells and may allow determination of the 
source and route of infection of the organism. 

H. pylori constitutively produces large amounts of the enzyme urease, which is 
an immunodominant antigen in the mammalian immune response to the organism 
and is strongly implicated as the major virulence factor of H. pylori A EMBL3 
recombinant clone on screening a A EMBL3 gene library with H. pylori whole cell 
rabbit antisera [5]. A 2.7 kilo base (kb) DNA fragment subcloned from the positive 
AEMBL3 clone into pUC18 was shown to encode two polypeptides (66 and 
31 kDa). These polypeptides reacted on immunoblots with polyclonal antibody 
raised against purified H. pylori urease [5], and a monoclonal antibody to the 
H. pylori urease, capable of inhibiting the enzyme's activity was also found to 
react with the 31 kDa polypeptide [4] suggesting that the cloned antigens 
may be part of the urease enzyme. The nucleotide sequence of the 2.7 kb DNA 
fragment was determined and also enabled the construction of oligonucleotide 
primers for the sensitive detection of H. pylori by polymerase chain reaction 
amplification. 
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Methods 

DNA Sequencing 

The restriction enzyme map of the 2.7 kb Taq 1 DNA fragment was determined. 
The entire Taq1 insert and two HindUI fragments (1.4 kb, 1.3 kb) were cloned 
into M13 vector DNA. Single stranded template was produced and both strands 
were sequenced using the Sanger dideoxy chain termination technique [14] with 
3SS dATP and T7 polymerase. Oligonucleotide primers were also synthesised for 
determining the nucleotide sequence of the 2.7 kb insert. 

Polymerase Chain Reaction 

Oligonucleotide primers to sequences within the 2.7 kb Taq1 fragment were used 
to perform the polymerase chain reaction amplification technique to give 
amplified DNA fragments of specific size. This process allows amplification of 
DNA segments by heat denaturation of the double stranded DNA, annealing of 
two primers at low temperature and extending at an intermediate temperature. 
The nucleotide extension is achieved by the activity of heat stable Taq polymerase 
enzyme and repetition of the cycle can amplify DNA segments by at least 10s-fold. 
The PCR technique was performed on both purified DNA and crude DNA 
released from boiled bacterial cells. PCR amplification was carried out according 
to manufacturer's recommendations (Cetus) and the temperature cycles con
trolled by an intelligent heating block (Hybaid). Twenty-six cycles of amplific
ation were performed in total. The reactions were performed in 1 OO-~l volumes 
and 20-~1 samples were run on agarose gels against standard DNA molecular 
weight markers. 

Results 

The nucleotide sequence of the cloned 2.7 kb DNA fragment was determined. 
Two large open reading frames were present in the sequence which encodes 
proteins of calculated molecular weight 26657 (alpha-subunit) and 60473 (beta
subunit; Fig. 1). The two open reading frames were found to be separated by three 
nucleotides. Comparison of the predicted amino acid sequences of the two 
proteins with a sequence of a urease purified from the jack bean Canavalia 
ensiformis [15] shows that the single subunit jack bean urease (predicted molecular 
weight 90770) is directly homologous to the two subunits of the H. pylori urease 
(Fig. 1). Some 57 % of predicted amino acid residues in the H. pylori sequences are 
identical to those in the corresponding sites in the jack bean urease sequence 
(Fig. 1). The homology occurs along the entire length of both subunits, except for 
the final few carboxy-terminal amino acids in each case. Comparison of the 
H. pylori protein sequence with a sequence of 130 amino acids predicted from a 
cloned DNA fragment for the soybean (Glycine max) urease gene [10] shows a 
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similar degree of similarity as between the H. pylori sequence and the correspond
ing sequence from jack bean enzyme (Fig. 1). 

The large subunits of the bacterial ureases of Klebsiella aerogenes and Proteus 
mirabilis have been partially characterised [11] and comparison of the amino 
terminal sequence of the beta-subunit of the H. pylori enzyme with the amino 
terminii of the two other enzymes shows that the H. pylori enzyme shares 12/19 
amino acids (61 %) in common with K. aerogenes urease and 15/21 amino acids 
(71 %) in common with the P. mirabilis enzyme (Fig. 2). 

Klebsiella aerogenes 
Proteus mirabilis 
Helicobacter pylori 
Jackbean (C.ensiformis) 

Fig. 2. Amino terminii of three bacterial ureases and an internal sequence from the jack bean 
urease (residues 271- 290). Sequence identities are enclosed 

Studies using the polymerase chain reaction technique showed that at least 1 ng 
of purified H. pylori DNA was required to give an amplified DNA fragment. 
DNA isolated from Campylobaeter jejuni, Campylobaeter coli and Helieobaeter 
mustelae was not amplified by the oligonucleotide primer pairs. H. pylori DNA 
was also amplified from 106 -102 H. pylori cells and an amplified product of the 
correct size was not obtained with C. jejuni or C. coli cells (Fig. 3 A, B). 

Discussion 

DNA sequencing of the 2.7 kb Taql DNA fragment and the deduced amino acid 
sequence has revealed that this DNA insert encodes 61 and 27 kDa polypeptides 
rather than the 66 and 31 kDa polypeptides that had been previously reported [5]. 
The significant amino acid sequence homology of these H. pylori polypeptides 
with the single subunit of jack bean urease and the close similarity of the N
terminal 61 kDa polypeptide sequence with the N-terminal sequences of two other 
bacterial major urease subunits confirms that the cloned H. pylori polypeptides 
are subunits of urease. The recombinant clone did not show any urease activity [5] 
because other genes in addition to those encoding the structural polypeptides are 
probably required for synthesis of the active H. pylori urease. This is the case for 
other bacterial ureases [11]. The subunit structure of the H. pylori urease has been 

Fig.1. Deduced amino acid sequence of the two H. pylori urease subunits (top line) compared 
with jack bean urease (bottom line), showing 56.8 % identity in an 803 amino acid overlap. 
Identical residues are marked by two dots (:), conserved substitutions by a single dot (.). A 25 
amino acid gap in the alpha-subunit was necessary to give the best alignment. The two N-terminal 
methionines are marked*. The conserved histidines and reactive cysteine residues are underlined. 
The region homologous to the soy bean fragment is underlined and delineated by vertical lines II 
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Fig. 3A, B. Agarose gel electrophoresis of a 0.4 kb DNA fragment amplified from boiled 
H. pylori cells using oligonucleotides 040 and 039. A DNA released and amplified from H. pylori 
CP145 using 106 (lane 1), 105 (2), 104 (3), 103 (4), 102 (5), 101 (6) and 1 (7) bacterial cells; 0.4 kb 
fragment amplified from control pTCP3 (1 ng) lane 8. B DNA released and amplified from: 
C.jejuni 50452107 (lane 1), 106 (2), 105 (3); C. coli 50453107 (lane 4), 106 (5),105 (6); H. pylori 
CP268 106 (lane 7), 105 (8), 104 (9); control pTCP3 (lane 10) 

a subject of dispute [6]. Our findings support a two component enzyme, setting the 
H. pylori urease apart from most other bacterial ureases, which consist of three 
subunits [11]. Takishima et al. noted that 13 of the 25 histidines in the jack bean 
urease are crowded into a stretch of 128 residues and suggested that this histidine
rich region contains the nickel-binding site of the enzyme [15]. The corresponding 
region in the H. pylori sequence lies in the beta-subunit. Eight of the 13 histidine 
residues are conserved in the H. pylori sequence (Fig. 1). Also conserved in the 
H. pylori sequence is the cysteine residue (Cys-592 in the jack bean enzyme) known 
to be essential for enzymatic activity [15] (Fig. 1). 

Despite the close similarities between the N-terminal sequences of the major 
urease subunits of K. aerogenes, P. mirabilis and H. pylori the 2.7 kb fragment 
encoding the H. pylori urease did not hybridise to colony blots of other urease
producing bacteria under conditions of high stringency (data not shown), 
confirming similar findings reported by others [11]. However, Blanchard and 
Barile [2] have recently shown that a DNA fragment carrying the urease genes of 
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Ureaplasma urealyticum hybridises to the urease genes of Providencia stuartii, 
E. coli and H. pylori under conditions oflow stringency, suggesting close sequence 
similarity between urease genes from phylogenetically distant procaryotes. 

Immunological cross-reactivity between jack bean urease and bacterial 
ureases has been described [13], and it has been reported that immunisation with 
jack bean urease will enhance growth in farm animals, presumably by suppressing 
gut bacterial urease activity [13]. However, we have found no cross-reactivity 
between H. pylori urease antibody and jack bean urease on immunoblots (data 
not shown). 

The relationship between the H. pylori urease and those of the two legumes 
C. ensiformis and G. max, is one of the closest yet described between a procaryotic 
and a eucaryotic protein. Some of the proteins most highly conserved between 
eucaryotes and procaryotes include mitochondrial and chloroplast proteins (the 
beta-subunits of the ATP synthetases from barley chloroplasts and E. coli share 
68 % identical residues [16], while EF -Tu from yeast mitochondria is identical in 
64 % of sites to the equivalent protein in E. coli [12]). However, jack bean urease is 
known to be a cytosolic protein [7]. Heat-shock proteins are also highly conserved 
between bacteria and eucaryotes, but the degree of sequence similarity between the 
eucaryotic proteins and their bacterial counterparts is less than that seen with the 
ureases [1,9]. We speculate that the most likely explanation for the close similarity 
between the plant and bacterial ureases is the horizontal transfer of urease genes 
from a plant to a bacterium. Interestingly, the apparent eucaryotic origin of 
another bacterial enzyme involved in nitrogen assimilation has been described -
glutamate'synthetase II, which enables ammonia produced by urease to be 
incorporated into glutamate. A gene encoding this enzyme is thought to have 
spread from a plant (directly or via another bacterium) into the ancestor of 
Bradyrhizobium japonicum, the soy-bean symbiont [3]. Plant and bacterial 
glutamate synthetase II amino acid sequences are identical in up to 47 % of sites 
[3]. 

The PCR technique using oligonucleotide primer pairs internal to the urease 
encoding polypeptide genes enabled the specific detection of H. pylori with 
a level of sensitivity of 100 bacterial cells. The technique is currently being 
optimised and double rounds of 26 cycles particularly using nested primers should 
greatly increase the sensitivity of the method. This technique may enable the 
detection of nonculturable H. pylori, that could exist in saliva and faecal samples 
of patients, thus allowing determination of the source and route of infection of the 
orgamsm. 

In conclusion, molecular biology techniques have enabled the urease genes of 
H. pylori to be characterised which will allow defined urease negative mutant 
H. pylori strains to be constructed and the role of H. pylori urease to be evaluated 
in pathogenesis tests in animal models. The PCR method should also enable the 
epidemiology of this organism to be determined in more detail. 
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The Structure of Helicobacter pylori Urease 

P. R. HAWTIN, A. R. STACEY, and D. G. NEWELL 

The urease is a prominent differential characteristic of Helicobacter pylori which is 
employed in diagnostic tests such as the C13 /C 14 breath test, serodiagnosis and the 
rapid CLO tests. The role of the enzyme is, as yet, unclear. The number of different 
ureolytic bacteria being found on the gastric mucosa of various hosts is increasing, 
raising the question of whether the ureases of these organisms are related. 

We have looked at the structure of H. pylori urease by first partially purifying 
the enzyme by size exclusion on fast liquid protein chromatography (FPLC, 
Pharmacia; Fig. 1) and then producing monoclonal antibodies directed against 
the urease. The material from the FPLC fraction 14 (Mr 512000) which contains 
the peak urease activity was examined by polyacrylamide gel electrophoresis 
(PAGE). Under denaturing conditions by treatment with sodium dodecyl 
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(10% - 25%) of fraction 14. Lane A, 
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Fig. 3. SDS-PAGE (10% -25%) of 
urease from 5% linear PAGE. 
Lane A, molecular weight markers, 
x 103 ; lane B, urease preparation 

sulphate and fJ-mercaptoethanol, 10 % -25 % gradient SDS-PAGE offraction 14 
resolved three major polypeptides at 61 kDa, 56 kDa and 28 kDa (Fig. 2). 

The urease was also separated and analysed by loading a 5 % linear PAG with a 
whole cell sonicate supernatant without fJ-mercaptoethanol treatment and 
locating the enzyme band by substrate overlay. This band was then cut out and 
homogenized in buffer containing fJ-mercaptoethanol and run on 10 % -25 % 
gradient denaturing PAG (Fig. 3). The 56 kDa polypeptide was absent in this 
preparation. It seems, therefore, that this polypeptide is unnecessary for enzyme 
activity. It is still possible that either the 56 kDa polypeptide is closely associated 
with the active enzyme or that it is simply copurifying with the native enzyme on 
the FPLC column. The FPLC fraction 14 also contained 11 nm structures termed 
"doughnuts" (Fig. 4). Preliminary work has been unable to separate these 
structures from the urease but, when sedimented by ultracentrifugation, they have 
the same protein profile as the soluble fraction by SDS-PAGE. Similar structures 
have been described in outer membrane preparations of H. pylori by Newell [1]. 
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Fig. 4. Electron micrograph of 
11 nm structures from FPLC 
fraction 14; bar, 50 nm 
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The FPLC fraction 14 urease preparation was used to hyperimmunise F1 
BALB/c x CBA mice and the immune splenocytes fused with NS 1 myeloma cells. 
Hybridomas were screened for specific antibody production by enzyme linked 
immunosorbent assay (ELISA) using fraction 14 for antibody capture. The 
monoclonal antibodies produced were directed predominantly against the 
smallest polypeptide (28 kDa). Two antibodies directed against the 56 kDa 
polypeptide were obtained (Fig. 5). The antibodies were tested for inhibition of 
enzyme activity. Only one, CP11, inhibited urease activity by about 70%. CP11 
recognised the 28 kDa polypeptide as shown by western blotting (lane 1, Fig. 5). 
Moreover, this antibody captured the active enzyme. These results suggest that the 
epitope for this antibody is close to the enzyme active site so that antibody binding 
prevents substrate binding, and/or recognition, by competing with the substrate 
for the active site. Alternatively, the antibody binding may alter the conformation 
of the native urease sufficiently to change the effective binding of the substrate. 

The anti-urease monoclonal antibody CP 11 has been used to identify the 
enzyme on the bacterial cell by indirect immunogold labelling (Fig. 6). The 
antigen was found to cover the whole of the surface of the organism of intact 
bacteria and was also contained in amorphous material seen associated with 
H. pylori. In cryosectioned unfixed bacteria, the antigen was located almost solely 
on the outer membrane. 
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The antigenic relationship between the ureases of various gastric spiral bacteria 
and other spiral ureolytic and nonureolytic bacteria was investigated by 
immunoperoxidase staining techniques using the anti-urease monoclonal anti
body CP 11 (Table 1). From these results it can be concluded that the ureases from 
the gastric spiral bacteria are related antigenically [2]. However, the ureases from 
other ureolytic bacteria are antigenic ally distinct. Moreover, the antibody did not 
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Fig. 5. Western blotting of monoclonal 
antibodies against FPLC fraction 14. 
Lanes 1- 10, monoclonal antibodies; 
lane P, polyclonal serum; lane A, protein 
stain of fraction 14 

Fig. 6 A, B. Electron micrographs of H. pylori immunogold labelled with CP 11. A Intact 
H. pylori; B, cryosectioned H. pylori 
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Table 1. Reactivity of CP 11 against various spiral-shaped and helical-shaped bacteria 

Bacteria Source Reactivity with CP 11 

H.pylori Human stomach +++ 
H.pylori Rhesus stomach +++ 
CSt Cat stomach +++ 
Gastric spirals Rhesus stomach +++ 
Gastric spirals Baboon stomach +++ 
B1 Human stomach a ++ 
C. jejuni Human faeces 
C. coli Human faeces 
UPTC River water 
C. nitrofigilis Brackish mud 
H. mustelae Ferret stomach 
STl Rat ileum 

a Maintained in the mouse stomach 
-, Negative; + +, positive; + + +, strongly positive 

recognise urease negative, but related spiral bacteria. Interestingly, the urease of 
H. mustelae did not react with CP 11 even though the organism is very similar to 
H. pylori biochemically, and specifically colonises the ferret gastric mucosa. 
Further work is required to establish relationships between these two ureases. 

In conclusion, the urease of H. pylori has a molecular weight of 512000 as 
estimated by size exclusion chromatography and can be resolved into two major 
polypeptides of 61 kDa and 28 kDa by denaturing PAGE. The enzyme is located 
on the outer membrane and is surface exposed. H. pylori urease shows antigenic 
conservation with the ureases of other gastric spiral organisms, but not with those 
of nongastric spiral bacteria and thus may be a prerequisite for colonisation of 
gastric mucosa, i.e. a virulence factor. 

A functional role of the enzyme has yet to be established but this mayor may not 
be incidental to the disease associated with infection by H. pylori. Gastritis is the 
infiltration of inflammatory cells into the lamina propria, but which antigens 
stimulate this host response is not clear. Our work has shown that the urease of 
H. pylori is highly antigenic and immunodominant. It is therefore likely that the 
urease contributes significantly to the bacterial antigenic load on the gastric 
mucosa inducing a chronic, but apparently ineffective local immune response by 
the host. Such a response requires proliferation of immunocompetent cells to 
enable regulation. The immunopathological events observed in H. pylori
associated gastritis may, therefore, be a consequence of these immunoregulatory 
responses. 
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Pathogenic Mechanisms of Helicobacter pylori: 
Production of Cytotoxin 

N. FIGURA, M. BUGNOLI, M. G. CUSI, A. M. PUCCI, P. LUSINI, S. QUARANTA, 
A. BARBERI, A. ROSSOLINI, A. L. DI TOMMAso, T. DE MAGISTRIS, R. RAPPUOLI, 
L. MARRI, R. A. MUSMANNO, M. RUSSI, M. GUARNA, and M. LOSI 

Introduction 

Bacteria associated with mucosal infections of the digestive system generally 
produce toxins, especially when they cause inflammatory lesions. Illnesses due to 
thermotolerant campylobacters, to enterohemorrhagic Escherichia coli, and to 
Clostridium dtfficile are only some examples. It would be surprising if Helicobacter 
pylori (HP) did not produce any toxic substances. The difficulty consists in 
attributing a pathogenic meaning to the toxin, since the range is quite wide of 
clinical and histological presentation of gastroduodenal inflammatory diseases 
linked to the presence in the stomach of H. pylori organisms [1]. Johnson and Lior 
[2] firstly reported the production of heat-labile cytotoxin by 80.6 % of 36 HP 
strains they tested. However, most of our knowledge of the cytotoxigenicity ofHP 
is from Leunk et al. [3] whose work has inspired us in part. They found that about 
55 % of 201 HP strains isolated in four different parts of the world produced a 
substance which caused intracellular vacuolization in cells of several lines in vitro, 
not only in lines generally employed in toxigenicity tests, like chinese hamster 
ovary (CHO) cells, Vero cells, and Y-l cells, but also in human tumoral cells like 
HeLa, KATO III, and HEp-2, as well as in human embryonic intestinal cells which 
were the most responsive. They also inferred that the toxin was proteinaceous in 
nature being heat labile (destroyed at 70°C for 30 min), protease sensitive, and 
ammonium-sulfate precipitable. Its molecular weight ought to be higher than 
100 kDa since cytotoxic activity could be found only in the retentate of a 
concentrated broth culture filtrate (CBCF) passed through 100 kDa molecular 
weight limit ultrafiltration membrane. 

The pathogenic significance of cytotoxin is still mostly obscure. In a recent 
study, we observed that HP strains isolated from patients with ulcers produced the 
toxin significantly more frequently than strains isolated from patients with 
chronic gastritis only. This suggested that the toxic substance could be involved in 
the development of peptic ulcer [4]. 

The aims of the present study were to investigate some aspects of the genetic 
basis of HP cytotoxin production (i.e., whether cytotoxic HP strains contain 
plasmids and temperate mitomycin C inducible phages) and some of the biological 
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activities of cytotoxic filtrates (i.e., if they stimulate cAMP formation in vitro, 
influence the replication of cells in vitro, and impair certain normal cellular 
functions, i.e., the phagocytosis and the intracellular oxidative metabolism of 
polymorphonuclear cells in vitro). We tested whether the toxin was also pro
duced in vivo, was immunogenic, and if so what the distribution of specific 
antibodies was in infected and non-infected patients; we then determined whether 
patients could be simultaneously infected by cytotoxic and noncytotoxic HP 
strains. Finally, selected cases were studied with the electron microscope to see 
whether the in vitro production of toxins corresponded to particular aspects of 
mucosa. 

Material and Methods 

Extrachromosomal DNA was searched for in ten cytotoxic HP strains isolated 
during a previous study [4] using a rapid alkaline extraction procedure [5]. 
Samples were subjected to electrophoresis in Tris-borate buffer at 80 V for 6 h, and 
at 20 V for 18 h in a 0.75 % agarose horizontal slab gel. Gels were then stained with 
ethidium bromide (1 Ilg/ml for 30 min), illuminated by a short-wave ultraviolet 
transilluminator, and photographed. 

Three cytotoxic HP strains were screened for phages by induction with 
mitomycin C. Washings of agar in the growth inhibition haloes determined by 
discs charged with 1 Ilg mitomycin C were examined by electron microscopy. One 
strain was also cultured in brucella broth with 10% fetal calf serum (FCS) for 48 h. 
Then it was treated with 1 Ilg/ml mitomycin C for 18 h. Cells were removed by 
centrifugation and the supernatant was examined by electron microscopy. 

The adenyl ate cyclase activity assay was carried out on 11 cytotoxic and two 
noncytotoxic HP broth-culture filtrates (BCF), obtained as further described. The 
enzyme was assayed in incubation mixtures of 0.2 ml containing 50 mMTris-HCI, 
20 mMMgS04' 1 mM dithiothreitol, 2 mM ATP, and an appropriate amount of 
BCF. The mixture, prepared in duplicate, was incubated at 34°C for 30 min and 
the reaction was stopped by heating in a water bath at 100°C for 2 min. The tubes 
were allowed to cool to room temperature and 0.2 ml of a neutral allumine 
suspension (1.35 g added to 3 ml50 mM triethanolamine/HCI buffer, pH 7.6) was 
added, followed by vortexing and centrifugation at 3000 rpm for 5 min in an ALC 
Model 4226 centrifuge. Cyclic AMP production was evaluated on 50 III of 
surnatant using a radioisotope dilution test with cyclic AMP binding protein, 
according to Gilman [6], with a cAMP kit purchased from Amersham Radio
chemical Center (Amersham, UK). The radioactivity was measured in a Searle 
Nuclear Chicago Delta 300 Liquid Scintillation counter. An enzymatic unit of 
adenyl ate cyclase was expressed as the number of picomoles of 3', 5' cyclic AMP 
formed per ml of BCF per min. 

EBV-transformed B lymphocytes (EBV-B cells) were used to see whether the 
toxin influenced the cellular replication in vitro. EBV -B cells were cultured for 24 h 
at 3 x 105 cells per well in 96-well flat-bottomed plates (Costar, Cambridge, Mass.) 
in 0.2 ml of RPM I 1640 (Gibco Laboratories, Paisly, Scotland) supplemented 
with L-glutamine (2 mM), 1 % nonessential amino acids, 1 % sodium pyruvate, 
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50 Ilgjml gentamicin 5 x 10- 5 M2-ME, and 10% heat-inactivated FCS. BCF of 
one cytotoxic and one noncytotoxic RP organism, together with uninoculated 
broth, were added to the wells at the final dilutions of 1 : 5, 1 : 10, and 1 : 20 at the 
beginning of culture. Cells were pulsed for the last 18 h with 0.5 IlCi of 
eR)thymidine (sp act, 185 GBqjmmol; Amersham International, Amersham, 
UK). Cells were then harvested on glass-fiber filters with a cell harvester (Skatron, 
Lier, Norway) and incorporated radioactivity was determined by liquid scintil
lation counting. Results were espressed as mean cpm x 10- 3 ± SE of duplicate 
cultures, and as proliferation indexes ± SE. 

Three cytotoxic and two noncytotoxic BCF, together 1 uninoculated broth, 
were tested to see whether they influenced phagocytosis: 100 III of sample, 100 III 
of polymorphonuclear (PMN) cell suspension containing 1 x 107 cells per ml, 
100 III of Candida spp. suspension containing 2 x 107 organisms per ml, and 100 III 
of pooled human serum were mixed and incubated at 37°C for 45 min. The 
percentage of PMN cells which had ingested yeasts was determined by micro
scopic examination (1000 magnifications). The evaluation of phagocyte oxygen 
metabolism in the presence of filtrates was undertaken using the Nitro Blue 
Tetrazolium (NBT) assay: 50 ~Ll of sample, 50 III of PMN cell suspension, and 
50 III of diluted NBT were mixed and incubated at 37°C for 30 min with and 
without 5 Ilg of phorbol myristrate acetate. The NBT reduction rate was 
determined by microscopic examination (1000 magnifications). 

In order to see whether subjects were simultaneously infected by cytotoxic and 
noncytotoxic strains, two to eight RP colonies for primary plate per patient were 
assayed for toxigenicity. A total of 40 patients who underwent diagnostic 
endoscopy were examined and 78 RP strains from the 22 infected patients were 
tested in all. Filtrates of culture in brucella broth with 10 % FCS, 0.5 % Vitox 
(Oxoid), 2.5 mgjl ferrum chloride, 2 mgjl amphotericin B, and the Skirrow 
mixture of chemotherapeutic agents incubated at 37°C in a micro aerobic 
environment, at 150 oscillations per min for 48h were added to CRO and Vero 
cells, and in some cases to intestine 407 cells in vitro at 1 :2, 1: 3, 1: 5, and 1: 10 
dilutions. Cells were examined for vacuolization and cytopathic effect after 24 h 
and 48 h of incubation. 

To verify whether the toxin was produced in vivo, we assayed two mucosa 
samples from each of 40 patients with dyspepsia by putting one pice directly on 
agar which had been previously layered on CRO cells, and dipping the other in 
Eagles's medium which, after vortexing, was added to Vero cells. Cells were 
examined after 24 hand 48 h of incubation. 

The searching for serum antibodies to the cytotoxin was carried out by the test 
of neutralization of in vitro toxic activity of filtrates and by immunoblotting test. 
Neutralization was performed on serum samples collected from 12 patients 
infected by cytotoxic RP organisms and from nine noninfected patients. Serum 
samples at various dilutions in Eagle's medium were mixed with BCF ofRP strain 
G-32 which was cytotoxic on CRO cells up to a 1: 10 dilution. Final dilution of the 
filtrate was 1 :2. Mixtures were incubated at 37°C for 60 min and at 4°C for an 
additional 60 min, then added to CRO cells. Cells were observed for vacuolating 
effect after 24 hand 48 h of incubation. Four serum samples were also tested with 
BCF of the homologous and the heterologous strains. 
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Sixty serum samples (31 from patients infected by cytotoxic and 20 from 
patients infected by noncytotoxic HP organisms, and nine from noninfected 
subjects) were immunoblotted with a concentrated broth-culture filtrate (CBCF) 
of a cytotoxic HP strain. Ten serum samples which recognized cytotoxic
associated proteins were also blotted with CBCF of seven cytotoxic HP 
organisms. BCF were concentrated by precipitation with saturated ammonium
sulfate and dialysis in PBS. 

CBCF proteins were separated on sodium dodecylsulfate (SDS) polyacryl
amide gel electrophoresis (PAGE) and transferred to nitrocellulose. Protein-free 
sites were saturated with PBS supplemented with 3 % defatted milk and 0.1 % 
Triton (PBS-M-T) at room temperature for 30 min. Sheets were then dipped in 
serum samples diluted 1 :100 in PBS-M-T and incubated on a shaker at room 
temperature o.n. After washing with PBS-M-T, antigen-coated sheets were 
shaken at room temperature for 90 min with peroxidase-labelled anti-human 
immunoglobulin G (lgG; Cappel, Cooper Biomedical, Malvern, Pa., USA) 
diluted in PBS-M-T. Anti-human IgA and IgM provided by Sigma Chemical (St. 
Louis, Mo., USA) were also used respectively in 20 cases of subjects of different 
groups and in eight cases of patients infected by cytotoxic HP strains. Strips were 
then washed in PBS-Triton, rinsed in Tris-BS, and stained with 4-chloro-1-
naphtol/H20 2 . CBCF were also blotted with serum samples from rabbits 
immunized with formalized whole-cell suspensions of cytotoxic and noncytotoxic 
HP strains. 

For EM observation, biopsy samples were fixed at 4 °C with 2 % glutaraldehyde 
in 0.2 % cacodylate buffer, postfixed in 1 % osmic acid, and dehydrated with 
graded alcohol. Ultrathin sections of samples embedded in Epon-araldite were 
stained with acetate-lead citrate and examined under a Philips TEM 400. 

Results and Discussion 

No strains proved to contain plasmids and mitomycin C-inducible phages. 
Together with the stability of the cytotoxin production [3], these data suggest that 
toxigenicity is under the control of chromosomic genes. 

Certain filtrates were found to possess an adenylate cyclase activity, even 
though at very low degrees. For example, uninoculated broth induced the 
formation of 13.9 pmoles per ml of broth per min. One non-cytotoxic and three 
cytotoxic filtrates showed similar activity and were considered negative. The other 
filtrates stimulated the formation of a cAMP amount ranging from 20 to 
53 pmoles. The cultivation of three strains for 96 h led to results similar to those 
obtained with a 48-h incubation culture. We do not know whether the stimulation 
also occurs in vivo and what the cellular target is. In any case, the adenylate cyclase 
activity did not seem associated with the toxin production. 

Compared with the noncytotoxic broth culture filtrate G-50, which behaved 
like uninoculated broth, the cytotoxic G-32 filtrate caused a strong reduction of 
the proliferation index ofB lymphocytes, especially at low dilutions (Table 1). The 
highest dilution of cytotoxic filtrate which caused vacuolization was 1 : 10. At 1 : 20 
the proliferation index was still reduced by nearly three times (Table 1), indicating 
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Table 1. Proliferation assay ofEBV -transformed B lymphocytes in the presence of cytotoxic and 
noncytotoxic filtrates and of un inoculated broth 

Sample Dilution 

B-Ce1l medium 

Uninoculated broth 1: 5 
1: 10 
1 :20 

Noncytotoxic broth culture G-50 1: 5 
1: 10 
1:20 

Cytotoxic broth culture G-32 1: 5 
1: 10 
1 :20 

Cpm±SE 

24.6 ± 1 .39 

16.5 ± 2 .68 
21.4 ± 0.22 
24.9 ± 0.36 

19.6±4.67 
21.3 ± 0.53 
27.1 ± 2.95 

1.1 ± 0.03 
3.0 ± 0 .34 

10.3 ± 0.80 

Proliferation 
index± SE 

1.00 ± 0 .06 

0.67 ± 0 .11 
0.87 ± 0.01 
1.02 ± 0.01 

0.80 ± 0.19 
0.87 ± 0.02 
1.10 ± 0.12 

0.04 ± 0.00 
0.12 ± 0 .01 
0.42 ± 0.03 

that the proliferation assay was more sensItIve than the determination of 
cytopathic effect in revealing cytotoxigenicity. 

The vacuolating toxin has been defined as nonlethal because, even though 
vacuolated, cells in culture could exclude Tripan Blue [3] . The proliferation assay 
demonstrated that, at least as far as B lymphocytes are concerned, cells were 
negatively influenced by the toxin in their replication. In effect, CHO cells exposed 
to the toxin, after becoming vacuolated (Fig. 1 A), lose their morphology 
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Fig. 1 A- D. CHO cells exposed to H. pylori vacuolating toxic filtrate for 24 h (A), 48 h (B), and 
96 h (C). (D) Control CHO cells with uninoculated broth after 96 h of incubation 
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(Fig. 1 B), wrinkle up, and die (Fig. 1 C) in a few days - in any case far sooner than 
do cells with uninoculated broth (Fig. 1 D). Thus, even if vacuolated cells exposed 
to the toxin are still vital, they are nonetheless bound to die rapidly. 

The three toxic BCF were found to afflict the phagocytic function ofPMN cells 
by about 20 %, while the two nontoxic BCF and uninoculated broth did not 
influence it at all. The intracellular oxidative metabolism was maintained in all 
cases, suggesting that the toxin exerted a generic toxic effect on PMN cells or 
damaged structures necessary to the movement of membrane (micro tubules , for 
instance). 

The vacuolating effect on cells in vitro directly exerted by biopsy specimens was 
observed in only one out of 15 cases in which in vitro cytotoxic HP organisms were 
isolated. Eaton et al. [7], in gnotobiotic piglets experimentally infected with HP 
strains, saw that one cytotoxic organism was more virulent than a noncytotoxic 
one. However, they could not demonstrate the presence of toxin in the gastric juice 
or the serological response to the toxin. It is reasonable to suppose that the in vivo 
production of toxin, if any, occurs at very low levels, hardly or not at all detectable 
by the cell in culture model. Searching for anticytotoxin antibodies in patient 
serum samples gave better results. 

All serum samples from the 12 patients infected by cytotoxic HP strains and the 
one from the rabbit immunized with a cytotoxic HP organism neutralized the 
vacuolating effect of a toxic BCF at titers ranging from 1 :4 to 1: 32. The four sera 
tested neutralized the BCF toxicity of the homologous and also of the 
heterologous strains. This suggested that the toxin was also produced in vivo and 
was immunogenic and that the toxins in the four different BCF were immunologi
cally related. However, four of the nine sera from noninfected subjects were able to 
neutralize the toxic effect. This could create confusion and impair the specificity of 
the in vitro toxicity neutralization tests. However, the immunoblotting assay 
clarified this matter. All the 31 subjects infected by cytotoxic HP strains, 14 of the 
20 patients (70 %) infected by noncytotoxic HP strains, and two of the nine 
subjects (22.2 %) not infected had serum IgG which reacted with cytotoxin
associated proteins (CAP). Anti-CAP IgA were hardly detectable, mostly in serum 
from patients infected by cytotoxic HP organisms, while IgM were not detectable 
at all. These proteins were about 130 kDa, 95 kDa, and 80 kDa as shown in Fig. 2. 
The 130 kDa protein was the most frequently detected in the cytotoxic CBCF, and 
it was always recognized also in the other seven cytotoxic CBCF assayed by the ten 
serum samples tested (Fig. 3, lanes A, C, E, F). The serum sample from the rabbit 
immunized with a cytotoxic HP only reacted with the 80 kDa protein of the 
homologous CBCF. The serum from the rabbit injected with a noncytotoxic HP 
organism did not recognize any CAP. These observations suggested that the 
95 kDa protein was a degradation product of 130 kDa CAP and that the 80 kDa 
protein constituted subunits of the major CAP. In any case these three CAP were 
lacking in CBCF of the two noncytotoxic HP strains tested (Fig. 3, lanes B and D). 

These results confirmed the findings from the neutralization assays. The fact 
that some subjects considered noninfected on the basis of culture, microscopic 
examination, and rapid urease activity of gastric mucosa biopsy specimens [4], and 
that 70 % of those infected by noncytotoxic HP organisms possessed serum 
antibodies to the toxin produced by HP suggested that the exposure to the toxin 
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Fig. 2. Immunoblots of CHCF of a 
cytotoxic H. pylori strain with three 
serum samples from patients infected 
by cytotoxic organisms (lanes D, E, 
E). A Low standard molecular 
weights; B, high standard molecular 
weights; C CHCF stained with Pon
ceau red 

Fig. 3. Immunoblots of four 
cytotoxic (lanes A, C, E, E) and two 
noncytotoxic CHCF (lanes B and D) 
with serum collected from a patient 
infected by both vacuolating and lytic 
H. pylori strains 

was a common event, far more frequent than would have been expected on the 
basis of the results of in vitro toxigenicity tests. Perhaps testing only one HP 
colony per patient as we did in a previous work [4] was not indicative enough of the 
real situation. In fact, in only 15 of 22 patients infected by HP (among the 40 
patients examined) were all strains from the same patient either cytotoxic or 
noncytotoxic. In the other seven cases (31.8%), cytotoxic strains were isolated 
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Fig. 4A, B. CHO cells showing morpho
logical responses to two HP broth
culture filtrates which were different 
from the vacuolating one. A Elongation 
effect; B Lytic effect 
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together with noncytotoxic HP organisms (78 HP strains were tested in all from 
the 22 patients). These results suggest that, for a better understanding of the 
pathogenic role of the cytotoxin, it is preferable to test several HP colonies per 
patient, even though some conclusions were similar to those obtained in a previous 
study in which a single HP colony per patient was tested for toxigenicity [4]. In 
fact, most strains isolated from the 11 patients with ulcer, of the 22 HP-infected 
patients, were cytotoxic (25 of 38 strains, or 65.7 %), while only 15 of 40 strains 
(37.5%) isolated from the other 11 patients with chronic gastritis only produced 
the toxin (P < 0.05, chi-squared test, 1 d£). 

During the latter study we observed that certain filtrates caused morphological 
responses of cells in vitro that were different from the vacuolating response, an 
elongation ofCHO cells (a cytotonic-like response), and a lytic effect on CHO and 
Vero cells (Fig. 4), suggesting that HP can produce more toxins. However, after 4 
months of storage at - 80°C in Wilkins-Chalgren broth with 20 % glycerol, the 
lytic HP strain (which had been isolated together with a vacuolating HP 
organism), became vacuolating. We do not know how to explain this pheno
menon.1t is reasonable to suppose that the lytic effect was due to a toxin different 
from the vacuolating one, and that the ability to produce it was lost due to the 
storage. However, the serum sample of the patient from whom the lytic strain had 
been isolated recognized some proteins in the already vacuolating CBCF of the 
homologous strain which were not visible in the CBCF of other cytotoxic or 
noncytotoxic strains (Fig. 3, lane F). This could mean that after storage the strain 
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produced an incomplete lytic toxin. The fact that the lytic effect was originally 
observed only in an up to 1: 5 dilution indicated that cytopathogenicity was not 
due to a particularly high amount of vacuolating toxin which caused cellular death 
before cells became vacuolated. 

Many aspects of cytotoxigenicity in H. pylori are still obscure. However, one of 
the most important, the pathogenic significance of toxin production, is becoming 
more and more clear. In fact, among the 60 patients examined for possession of 
anticytotoxin serum IgG, all of those with duodenal ulcer (n = 11), all of those 
with gastric mucosa erosion (n = 7), and nearly all of those with gastric ulcer (7 out 
of 8 subjects) - in addition to being infected by mostly cytotoxic HP organisms
had antibodies to cytotoxin-associated proteins. Of the 31 patients with nonero
sive chronic gastritis and the three with normal mucosa, 70.9 % and none, 
respectively, had specific antibodies. In other words, 96.1 % of patients with ulcers 
or gastric erosions had anti-CAP IgG vs 64.7% of patients without ulcerative or 
erosive lesions. This difference was highly significant (P < 0.01, chi-squared test, 
1 di). 

Recently, Cover and Blaser [8] obtained similar results on anticytotoxin 
antibody distribution in patients with peptic ulcer, and they, too, consider the 
toxin as an important factor in the development of peptic ulceration. 

The electron microscopy examination did not reveal differences with regard to 
the gastric mucosa, whether or not the HP organisms isolated from the patients 
studied were cytotoxic. In particular, the mucosa samples of patients infected by 
HP strains which produced the vacuolating or the lytic toxin did not appear more 
damaged than that of subjects infected by noncytotoxic organisms. In addition, 
vacuols were never seen. 

In conclusion, the toxin is produced in vivo, is immunogenic, and the exposure 
to it is quite common. Toxins produced by different H. pylori strains seem 
antigenically related. Toxins different from the vacuolating one probably exist. 
Strains isolated from patients with macroscopic lesions of gastric mucosa are 
mostly cytotoxic, and practically all individuals with ulcers have antibodies to the 
toxin. Thus, cytotoxicity is most probably important in the development of peptic 
ulcers. 
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Helicohacter pylori Hemagglutinins -
Possible Gut Mucosa Adhesins 

T. W ADSTROM, J. L. GURUGE, S. WEI, P. ALELJUNG, and A. LJUNGH 

Introduction 

A number of recent studies indicate that Helicobacter pylori has unique cellular 
properties which allow this pathogen to colonize the human stomach mucosa 
[1,2,4,7]. Despite this unique habitat for this microbe, very few studies have tried 
to identify surface proteins and other possible structures determining an 
association with the stomach mucosa. EmOdy et al. [2] reported on surface 
hemagglutinins in H. pylori followed by reports from the USA, Ireland, and 
Japan. Studies by Em6dy et al. [2] and Carlsson et al. [1] have defined a sialic acid 
specific hemagglutinin. More recently, a Canadian group of investigators defined 
a surface component of H. pylori interacting with a glycolipid from human 
erythrocyte membranes [5]. Furthermore, Huang et al. [4] described a hemagglu
tinin which caused neuraminidase and protease resistant hemagglutination. In 
view of these findings we decided to carry out a systematic study on H. pylori 
hemagglutinin profiles by screening clinical isolates and type culture collection 
strains for hemagglutination with a variety of erythrocytes. 

Materials and Methods 

Bacterial Strains 

Forty-one strains of H. pylori isolated at hospitals in Sweden and France and one 
NCTC strain (11637 = CCUG 17874) were used in the study. The strains were 
stored in tryptic soy broth containing 15 % (v Iv) glycerol at - 80°C. Strains were 
cultivated on blood agar with 5 % horse erythrocytes and incubated under 
microaerophilic conditions for 3-7 days. 

Chemicals 

All chemicals used were of analytical grade. 
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Hemagglutination (HA) Assay 

Bacteria were washed and resuspended in phosphate buffered saline (PBS, 0.15 M 
NaCl in 0.02 M sodium phosphate buffer pH 7.2) to a final concentration of 
approximately 1010 cells/ml). Horse, rabbit, human, bovine, guinea pig, pig, 
sheep, monkey, dove, cock, and mouse (citrated) blood were obtained fresh. 
Erythrocytes were washed two to three times and resuspended in PBS to a 2 % 
(vol/vol) suspension. HA was performed on glass slides by mixing equal volumes 
(20 ~l) of bacterial and erythrocyte suspensions. The reactions were read after 
2 min. 

HA Titer 

Twofold dilutions of bacterial suspensions (25 ~l) of 15 strains were made in V
bottomed 96-well plates (Greiner, Sohne, Niirtingen, FRG) and titrated against 
erythrocyte suspensions (25 ~l) to obtain the minimal bacterial hemagglutinating 
concentrations. The plates were agitated to get even mixing, covered, and 
incubated at room temperature (20°C) on an orbital shaker for 1 h. The plates 
were allowed to settle overnight before being read [4]. The endpoint was defined in 
principle as described by Nakazawa et al. [7] as the last dilution showing complete 
agglutination. Titers were expressed as reciprocals of endpoint dilutions. The 
specific activity of HA for each extract was calculated by dividing the HA titer by 
the protein concentration. 

HA Inhibition 

HA inhibition experiments were performed with titrated bacterial suspensions 
(25 ~l) of two selected strains (17874 and 1139) according to Carlsson et al. [1]. 
After preincubation of bacteria with various potential monosaccharide and 
glycoconjugate inhibitors (25 ~l) for 30 min at room temperature before the 
erythrocyte suspensions (25 ~l) were added. For the control 25 ~l PBS was used 
instead of the inhibitor. Determination of HA was done as described above. 

Carbohydrates (Gal, NADGal, NADGlc, NANA, NANLac, Man, NGNA, 
and Glc) were dissolved at a final concentration of 0.1 M in PBS. Glycoconjugates 
(hog gastric mucin, FCS, bovine submaxillary mucin, orosomucoid and gan
glioside type II, purchased from Sigma Chemical, S1. Louis, USA) were dissolved 
at a final concentration of 0.1 % in PBS. 

Enzyme Treatment 

Bacterial suspensions of strains 17874, 1139, and erythrocyte suspensions were 
pretreated separately with trypsin (50 ~g/ml), pronase (100 ~g/ml), and neurami
nidase (1 U/ml) diluted in PBS, pH 7.2, for 30 min at 37°C. The treated bacterial 
cells and the treated erythrocytes were washed three to four times and resuspended 
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in PBS at final concentrations of 1010 cells/ml and 2 % respectively before being 
used for HA. The untreated bacteria or the erythrocytes were used as the control. 

Heat Treatment 

Bacterial suspensions of strains 17874 and 1139 were incubated at 37°C, 50 °C, 
and 100°C for 30 min. Twofold dilutions of the treated bacterial suspensions were 
made on microtiter plates and titrated with erythrocytes to determine the HA titer. 

Cell Surface Hydrophobicity Tests 

Cell surface hydrophobicity was determined using the salt aggregation test (SAT) 
according to EmOdy et al. [2]. Cells were washed with potassium phosphate buffer 
(0.02 M, pH 6.8) and serially diluted with ammonium sulfate solutions of varying 
molarity (0.2-2 M) on glass slides and observed for 30 sec. The highest dilution of 
ammonium sulfate in which visible aggregation occurred was the SAT value for 
surface hydrophobicity. 

Preparation of Bacterial Cell Surface Extracts 

Glycine Acid Extract. Glycine acid extracts were prepared according to Logan 
and Trust [6]. Cells were harvested and washed twice in distilled water and then 
suspended in 0.2 M glycine hydrochloride, pH 2.2 (4 g of cells per 100 ml). The 
suspension was stirred for 15 min at room temperature and cells were then 
removed by centrifugation. The supernatant was neutralized with NaOH and 
dialyzed overnight at 4°C against PBS. 

Liel Extraction. Cells were washed twice in PBS and then suspended in 1 M LiCI. 
The suspension was heated at 45°C for 2 h. Cells were removed by centrifugation 
and dialyzed as described above. 

Guanidine Hydrochloride Extraction. Cells were washed in PBS, suspended in 5 M 
guanidine hydrochloride, and stirred for 10 min at 20°C. Dialysis was done as 
described above. 

Urea Extraction. Cells were washed in PBS, suspended in fresh 8 M urea, stirred 
at 20°C for 10 min, and dialysed as described above. 

Determination of Protein Concentration 

Protein concentration of the extracts was determined using an acidic solution of 
Coomassie Brilliant Blue G-250 dye reagent (Bio-Rad, Richmond, UK). Stan
dards were prepared with bovine serum albumin in PBS. 
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Fig. 1. Percentage of strains agglutinating various erythrocytes 
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Hemagglutination (HA) activity of 42 H. pylori strains was tested with 11 different 
erythrocytes (Table 1). Nine different HA patterns were observed on the basis of 
number of erythrocytes agglutinated by each strain. 

The percentage of strains agglutinating different erythrocytes is shown in Fig. 1. 
Guinea pig erythrocytes were agglutinated by the highest number of strains 
(50 %), whereas monkey erythrocytes were agglutinated by only 2 % of strains 
tested. 

With various inhibitors tested, the HA of strains 17874 and 1139 was inhibited 
by NAN Lac only. 

All strains showed low surface hydrophobicity by SAT except strain 72 (SAT 
value 1.0). 

Two strains (17874 and 1139) agglutinating a number of erythrocytes were 
selected for further studies. The effect of heat treatment on HA titers is given in 
Table 2. The HA of strain 17874 was stable at 37°C but reduced with human, 
bovine, sheep, monkey, dove, and mouse erythrocytes when treated at 50 °C for 
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Table 2. Hemagglutination titer of strains 17874 and 1139 after treatment at 37°C and 50 °C for 
30 min with various erythrocytes 

Source of RBCs Untreated Treated/30 min 

20°C 37°C 50°C 

17874 1139 17874 1139 17874 1139 

Horse 1 n.h. 1 n.h. 1 n.h. 
Rabbit 2 4 2 2 2 2 
Human 8 8 8 8 4 8 
Bovine 8 8 8 8 4 8 
Guinea pig 8 4 8 4 8 4 
Pig 4 n.h. 4 n.h. 4 n.h. 
Sheep 32 8 32 8 8 8 
Monkey 4 n.h. 4 n.h. 1 n.h. 
Dove 8 4 8 2 4 2 
Cock 8 4 8 2 8 2 
Mouse 64 n.h. 64 n.h. 32 n.h. 

RBCs, red blood cells; n.h., no hemagglutination 

30 min. The HA activity of 1139 was reduced with rabbit, dove, and cock 
erythrocytes at 37°C and 50 DC. Both strains showed a weak activity with all 
erythrocytes when treated at 100°C for 30 min. 

Treatment of bacteria cells with trypsin, pronase, and neuraminidase partially 
inhibited the HA activity of strain 17874 whereas total inhibition by strain 1139 
was observed with bovine, sheep, dove, and cock erythrocytes after treatment with 
neuraminidase (Table 3). 

Table 3. Hemagglutination activity of strains 17874 and 1139 on various erythrocytes after 
treatment with trypsin, pronase, and neuraminidase for 30 min at 37°C 

Source of Untreated Treatment/30 min 
RBCs 

Trypsin Pronase Neura-
minidase 

17874 1139 17874 1139 17874 1139 17874 1139 

Horse (+) n.h. n.h. n.h. n.h. 
Rabbit + + (+ ) + (+ ) + (+) + 
Human + + (+ ) + (+ ) + (+) + 
Bovine + + (+) + (+) + (+ ) 
Guinea pig + + (+ ) + (+ ) + (+) + 
Pig + n.h. (+) n.h. (+) n.h. (+ ) n.h. 
Sheep + + (+) + (+) + (+) 
Monkey + n.h. (+) n.h. (+) n.h. (+) n.h. 
Dove + + (+) + (+ ) + (+) 
Cock + + (+) + (+) + (+ ) 
Mouse + n.h. (+) n.h. (+) n.h. (+) n.h. 

n.h., no hemagglutination; ( + ), weak hemagglutination 
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Table 4. Hemagglutination activity of strains 17874 and 1139 on various erythrocytes treated 
with trypsin, pronase, and neuraminidase for 30 min at 37°C 

Source of Untreated Treatment/30 min 
RBCs 

Trypsin Pronase Neura-
minidase 

17874 1139 17874 1139 17874 1139 17874 1139 

Horse (+) n.h. n.h. n.h. n.h. 
Rabbit + + (+ ) + (+) + (+ ) + 
Human + + (+ ) + (+ ) + (+ ) + 
Bovine + + (+) + (+) + (+) + 
Guinea pig + + (+) + (+) + (+ ) + 
Pig + n.h. (+ ) n.h. (+ ) n.h. (+) n.h. 
Sheep + + (+) + (+ ) + (+) + 
Monkey + n.h. (+ ) n.h. (+) n.h. (+ ) n.h. 
Dove + + (+ ) + (+) + (+ ) + 
Cock + + (+ ) + (+ ) + (+) + 
Mouse + n.h. (+) n.h. (+ ) n.h. (+) n.h. 

For symbols see Table 3 

The HA activity of strains 17874 and 1139 on treated erythrocytes is shown in 
Table 4. Partial inhibition of HA by strain 17874 was observed with all 
erythrocytes whereas the HA of strain 1139 was not affected. 

The results of the HA assay of different extracts is given in Table 5. The highest 
specific activity was observed with the Liel extraction method. 

Table 5. Hemagglutination assay of different extracts of H. pylori 

Extract 

Glycine HCl 
LiCl 
Guanidine HCl 
Urea 

Protein 
concentration 
(Ilg/ml) 

126 
680 

1960 
1760 

HA titer was detem1ined with rabbit RBCs 

Discussion 

HA titer 

1/4 
1/128 
1/4 
1/64 

Specific 
activity /mg protein 

31.7 
188.2 

2.0 
36.4 

Despite the fact that various mixtures of monosacharides do not inhibit 
hemagglutination (HA) of H. pylori strains with various HA profiles (Table 1), it 
seems most likely that H. pylori hemagglutinins recognize specific carbohydrate 
structures on erythrocyte membranes, i.e., various glycolipids and glycoproteins. 
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It seems most likely that H. pylori use such lectin-like interactions with mucosal 
surface glycoconjugates to colonize and penetrate the stomach mucosa into 
subepithelial tissues [1,2]. However, since the microbe probably has to swim 
rapidly through the mucin layer it is unlikely that the lectins bind to mucin 
carbohydrate structures which could delay penetration through this barrier. 

Hills et al. [3] have demonstrated the hydrophobic lining of the stomach lumen 
to be the gastric mucosal barrier. Our findings that H. pylori strains of different 
HA profiles express low cell surface hydrophobicity when grown under various 
conditions indicate that low hydrophobicity may also be important for rapid 
penetration of the gastric mucin layer. Interestingly, high surface hydrophobicity 
is very common among intestinal pathogens such as enterotoxigenic and 
enteropathogenic E. coli (ETEC and EPEC), Yersinia enterocolitica, and en
teroinvasive pathogens such as congo red binding Shigellae [8]. 

The LiCI extraction method seems to be a mild method to extract surface 
hemagglutinins for further purification (Table 5). Purification of hem agglutinins 
and identification of various hemagglutinins among selected H. pylori strains of 
various patterns we describe in this communication are now in progress. 
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F. AsCENCIO, J. L. GURUGE, A. LJUNGH, F. MEGRAUD, S. WEI, and T. W ADSTROM 

Introduction 

Typing of bacterial strains in epidemiological studies by using plant lectins has 
been found to be a powerful method [4] for differentiating strains of related species 
[1] and epidemiological studies of various infections (Table 1). Excellent reviews of 
lectin typing of bacteria have been published by Pistole [6] and Doyle and Keller. 

The aim of this study was to make a preliminary evaluation of whether lectin 
typing can be useful means to discriminate strains within Heliobacter pylori since 
other typing systems such us serotyping and DNA restriction enzyme analysis are 
still in their infancy as epidemiological tools for studies on H. pylori infections 
[2,3]. 

Table 1. Lectin typing of bacteria: some examples 

Purpose 

Taxonomic 
differentiation 

Epidemiology 

Bacterial specie 

Bacillus species 
Campylobacter species a 

Gonococcal infections 
Hemophilus ducreyi 

Reference 

Cole et al. [1] 
Wong et al. [7] 

Korting and Abeck [4] 
Korting et al. [5] 

a Strain characterization and grouping was with C.jejuni and C. coli. (No published studies of 
grouping H. pylori strains) 

Based on standard methods for lectin typing of Bacillus sp. [1], we developed a 
system with 11 plant lectins for typing 50 H. pylori strains isolated in Sweden and 
France. 

* This study was supported by grants from the Swedish Medical Council (A6X 04723 to T. W.) 
and by grants from the Swedish Institute and Swedish Board for Technical Development to 
F.A. and T.W. 
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Materials and Methods 

Bacteria 

Most of the H. pylori strains were isolated at hospitals in Sweden and France. 
H. pylori strain NCTC 11637 was used as a reference strain. Bacterial strains were 
grown on blood agar with 5 % horse erythrocytes and incubated under 
microaerophilic conditions at 37°C for 3-5 days. Cells were harvested with a 
plastic loop and resuspended in 0.01 M potassium phosphate buffered saline, 
pH 7.2 (PBS) and washed once. Finally, bacterial cells were resuspended to 
approximately 1010 cells/ml in PBS. 

Lectins 

Highly purified lectins (Table 2) were kind gifts from B. Ersson, Biomedicum 
University of Uppsala, Sweden. They were dissolved in PBS containing 5 mM 
CaCl2 to a final concentration of 200 Ilg/ml. Lectin solutions were stored frozen at 
- 20°C in working aliquots to avoid repetitive freezing and thawing. 

Table 2. Lectins used to agglutinate H. pylori strains and their carbohydrate specificities 

Lectin Abbreviation Specificity 

Arachis hypogaea PNA D-Gal (1-3)-GaINAc 
Canavalia ensiformis Con A D-Man) D-G1c) D-GlcNAc 
Crotalaria juncea CJA D-Gal) D-Lac) D-Mel) 

L-Raf) D-GaINAc) D-Gal 
Helix pomatia HPA D-GaINAC 
Lens culinaris LcH D-Man 
Lotus tetragonolobus Lotus A L-Fuc 
Pisum sativum PEA D-Man 
Triticum vulgaris WGA (D-G1cNAc), NeuNAc 
Vicia ervilia VEA D-Man) D-G1c 
Viciafaba VFA D-Man) D-G1c) 
Vicia villosa VVA D-GaINAc 

Agglutination Assay 

Binding oflectins to cells of various H. pylori strains was assayed in glass slides by 
mixing 20 III of bacterial cell suspensions with an equal amount of a lectin solution. 
The two drops were mixed and agglutination reactions were read after 2 min. The 
agglutination reactions were scored from strong positive (3, strong agglutination 
reaction before 30 s; 2, strong agglutination reaction) to weakly positive (1, weak 
agglutination reaction) or negative (0, no agglutination reaction). 
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Human erythrocytes (resuspended in PBS to a final concentration of2% v/v) 
and latex beads coated with various glycoproteins i.e., hog gastric mucin, bovine 
serum glycoprotein fraction VI, fetuin, hog submaxillary asialomucin, asialofetu
in (prepared as in Ascencio et aI., in preparation were used as positive controls for 
the lectin solutions) and BSA coated latex beads as negative controls. 

Agglutination Inhibition Assays 

To test whether the agglutination was inhibitable by specific glycoproteins and 
carbohydrates, lectin solutions (20 J.LI) were incubated at 20°C for 1 h with an 
equal amount of the test substance, followed by addition of bacterial cell 
suspension (20 J.LI), and then the agglutination test was determined as described 
above. 

Carbohydrates (Gal, NADGal, Fuc, NADG1c, NANA, Man, NGNA, and 
G1c) were dissolved at a final concentration of 0.1 M in PBS. Glycoproteins (hog 
gastric mucin, hog submaxillary asialomucin, submaxillary mucin, bovine serum 
glycoprotein fraction VI, orosomucoid, all purchased from Sigma Chemical, St 
Louis Mo.) and ganglioside type II were dissolved at a final concentration of 0.1 % 
in PBS. 

Treatment of Bacterial Cells 

Cells of H. pylori strain 52 and 66 were treated with sodium periodate (0.075 M), 
sodium borohydride (0.075 M), sulfuric acid (0.025 N), and formalin (1 % w/v) at 
37°C for 1 h. Bacterial cells were also heated at 60°C for 1 h. Strains were also 
treated with proteinase K, trypsin, chymotrypsin, pepsin, and neuraminidase 
according to the specifications of the Worthington Enzyme Manual (Worthington 
Biochemical, Freehold, N.J. USA). After treatment, bacterial cells were washed 
three times with PBS and finally resuspended to 1010 cells/ml in PBS and used for 
the agglutination assays. 

Results and Discussion 

Preliminary studies showed that the method of Cole et ai. [1] of heating cells before 
adding plant lectins (at 200 J.Lg/ml) gave reproducible results for a small number of 
strains grown upon repeated subcultures under standard conditions. The 
distributions of lectin agglutination patterns are presented in Fig. 1. All 50 strains 
studied (except 6 strains, i.e., pattern 7) were agglutinated by one or two lectins in 
various combinations. 

Two strains (52 and 66) were selected for further studies on the specificity of 
these lectin agglutinations (Tables 3 and 4). With our scoring system (from 0 to 3) 
for lectin-bacterial agglutinations we could demonstrate that specific sugars, 
glycoproteins, and mucins inhibited the reactions. While one or two monosac
charides were able to inhibit agglutination reactions with Lotus and Crotalaria 
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Fig. 1. Distribution of lectin-binding patterns among 50 Helicobacter pylori strains. 1, Lotus 
A/CJA; 2, CJA/WGA; 3, lotus A/CJA/WGA; 4, CJA; 5, WGA; 6, other lectin-binding patterns 
(includes the other lectins tested); 7, none (no lectin binding) 

Table 3. Helicobacter pylori-lectin binding inhibition 

Inhibitor 

Control (PBS) 

Glycoproteins 
Hog gastric mucin 
Submaxillary asialomucin 
Submaxillary mucin 
Bovine serum glycoprotein 
Fetuin 
Orosomucoid 
Gangliosides II 

Carbohydrates 
Gal 
GalNAc 
Fuc 
G\CNAc 
NANA 
Man 
NGNA 
G\c 

PBS, phosphate buffered saline 

H. pylori strain 

52 (pattern 1) 

Lotus CJA 

3 2 

1 0 
3 0 
3 1 
3 2 
3 2 
3 2 
3 2 

3 0 
3 0 
0 2 
3 2 
3 2 
3 2 
3 2 
3 2 

66 (pattern 2) 

CJA WGA 

2 3 

0 0 
0 0 
1 3 
2 2 
2 3 
2 3 
2 3 

1 3 
0 3 
2 3 
2 3 
2 3 
2 3 
2 3 
2 3 
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Table 4. Effect of chemical and enzymatic cell treatments on H. pylori-lectin binding 

Treatment H. pylori strain 

52 (pattern 1) 66 (pattern 2) 

Lotus CJA CJA WGA 

Control (PBS) 3 3 3 3 

NaI04 (0.075 M) 0 0 1 3 
Na(BH)4 (0.075 M) 3 2 2 3 
H 2SO4 (0.025N) 3 2 3 3 
Formalin (1.0%) 3 3 3 3 
60°C (1 h) 3 3 1 3 

Neuraminidase 3 3 3 3 
Trypsin 3 3 3 3 
Pepsin 3 3 3 3 
Proteinase K 3 3 3 3 
Chymotrypsin 3 3 3 3 

lectins, aggregation of H. pylori cells with wheat germ agglutinin was only 
inhibited with large molecular weight glycoconjugates. Furthermore, sodium 
periodate treatment of bacterial cells destroyed surface carbohydrate structures 
inhibiting agglutination reactions with each lectin except wheat germ agglutinin. 

The reactions were shown to be resistant to protease treatment indicating that 
protease treatment could probably be a standard step in treating cells before 
typing. However, the reaction in the H. pylori strain 66 with the Crotalaria lectin 
was sensitive to heating of cells at 60°C for 1 h. Suggesting that standard heat 
treatment in H. pylori typing should be avoided if specific protein-associated 
carbohydrate structures are important for the typing. 

In summary, the results presented in this preliminary report seem promising for 
developing a lectin typing system of H. pylori. The simple procedure for lectin 
typing, compared with other possible typing methods, encouraged us to develop 
this system further. Studies by Korting et al. [5] showed that, by using 14 plant 
lectins, 29 lectin groups could be defined for epidemiological studies. These studies 
as well as studies by other investigators have generally shown that lectin 
agglutination types are stable and reproducible. 
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Association of Helicobacter pylori 
with Epithelial Cells 

J. L. FAUCHERE and M.J. BLASER 

Introduction 

The presence of Helicobacter pylori on gastric mucosa has been associated with 
type B gastritis and peptic ulcer disease. Despite its uncertain role in pathogenesis, 
gastric mucosa colonization by H. pylori is at least a good indicator for 
gastroduodenal inflammatory diseases [1,14,19]. 

The ecological niche of H. pylori seems to be restricted to the human stomach 
and duodenum, where it persists at least for several months and probably for years 
[1]. Histological studies show H. pylori to be closely associated with the luminal 
side of mucosal cells, particularly in the antrum and over gastric metaplasia of the 
duodenum where peptic ulceration also is preferentially located [1,18]. The 
motility, shape, and strong urease activity of H. pylori allow it to reach the mucosa 
through the viscous mucus despite the high acidity of the gastric juice [8], but the 
ultimate interactions between H. pylori and mucosal cells have been poorly 
understood as yet. The high specificity of H. pylori for human gastric mucosa may 
be due to microecological factors or may result from specific binding of the 
organism to a particular cellular receptor. It is thus of interest to study the 
colonization factors of H. pylori and their cellular receptors. 

In Vitro Assessment of Helicobacter pylori Association 
with Encaryotic Cells 

Microscopic Method 

To properly study and quantitate the association of H. pylori with epithelial cells, 
standardized in vitro assays are needed. The most common method entails mixing 
bacteria and cultivated cells and then enumerating by microscopy the bacteria 
remaining associated with the cells after washing. Using this method, Neman
Simha et al. [15, 16], Evans et al. [4], and Fauchere et al. [5], demonstrated that all 
H. pylori strains studied were adherent to Hep-2, INT 407, Y 1, and HeLa cell 
lines. In vitro adherence of H. pylori on epithelial cells appears to be independent 
of the cell line. This method, allowing direct observation of the adherence 
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phenomenon, is qualitative but may be considered as the "gold standard" for 
adherence of H. pylori. However, with this method, quantitation is difficult. We 
have demonstrated that the adherence expressed as the mean number of bacteria 
binding to each cell is dependent on the initial bacteria to cell ratio [5] (Fig. 1 a, b). 

a 

• 

b 

Fig. 1 a, b. Adherence of H. pylori to HeLa cells. a Initial ratio of 104 bacteria per cell. b Initial 
ratio of 106 bacteria per cell. x 1000 
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Moreover, this laborious method is not adapted to the screening of numerous 
strains and does not allow the study of adherence of subcellular components. It 
may be considered as a reasonable qualitative reference method for assessing 
binding of H. pylori cells to encaryotic cells, but less time-consuming and more 
quantitative methods needed to be developed. 

Hemagglutination 

H. pylori agglutin red blood cells from a variety of animals and hemagglutination 
assays based on methods similar to those used for E. coli have been developed as 
alternative methods for H. pylori colonization factors [2,10]. 

Microtiter Enzyme Assays 

We described two microtiter enzyme assays to assess H. pylori adherence to HeLa 
cells [5]. The urease method detects adherent H. pylori using their strong urease 
activity. He La cells are cultivated on 96-well microplates, a standard inoculum of 
viable H. pylori is added, and, after incubation and washing, urease activity of the 
bound bacteria in the presence of urea is evaluated by determination of the 
released ammonia. For standardization, the initial inoculum is evaluated by both 
the viable count and urease activity, providing a standard curve which allows the 
expression of urease activity in terms of number of viable bacteria. The adherence 
is expressed as the percentage of the initial inoculum remaining in the well after the 
nonspecific adherence to a cell-free well had been subtracted. This expression of 
adherence allows the results to be independent of the initial bacteria to cell ratio. 
The ELISA method is based on the imunological detection of bacterial material 
bound onto cellular ligands. Microtiter-plate wells are coated with a binding 
ligand consisting of either a HeLa cell fraction or bovine serum albumin (BSA) 
used as a nonspecific-binding ligand. Residual polystyrene binding sites are 
blocked, the bacterial ligand is added, and after incubation and washing the 
bound material is revealed by a classic ELISA using an antiwhole-cell serum. The 
specific adherence optical density (OD) is calculated by subtracting the OD 
corresponding to the nonspecific binding to BSA from the OD corresponding to 
the binding on HeLa. This specific adherence OD can be transformed into Ilg of 
adhering antigen using standard curves [5]. The urease method and the ELISA 
method produce results well correlated with the microscopic reference method 
(Table 1). 

Colonization Factors of Helicobacter pylori 

Colonization factors (CF) are defined as bacterial components or subcellular 
fractions, that facilitate binding onto encaryotic target cells. To identify CF, a 
genetic approach may be the most efficient, but until recently any genetic tools to 
generate nonadherent isogenic variants from an adherent strain did not exist, nor 
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Table 1. Adherence of four H. pylori and control strains onto HeLa cells, assessed using three 
different methods 

Strain Microscopic method Urease method 
(adhesion score)a (% bound bacteria) b 

H.pylori 87-338 2.0±0.1 10.5±2A 
H. pylori 87 -456 3.1 ±0.3 8.15±O.19 
H. pylori 87 - 263 2A±OA 4.5±0.7 
H. pylori 84-182 2.8±0.0 8.6±2.8 
H.fetus 84-107 0.0 ND b 

Providencia sp. C 0.3±0.2 0.0(0) 

a Calculated on the basis of number of bound bacteria per cell 
b Proportion of the initial inoculum binding onto the cells 
C Nonadherent urease-producing control strain 
OD, optical density 

ELISA method 
(specific OD x 100) 

43±3 
36±5 
56±3 
39±3 
0 

ND 

did any model of pathogenesis that was adapted for screening of variants. Thus, 
previous work was based on the phenotypic identification of CF using wild type 
adherent strains. 

Fibrillar Hemagglutinin 

Evans et al. identified a fibrillar hemagglutinin using inhibition of H. pylori 
hemagglutination activity by treating red blood cells with various enzymes or 
using various putative inhibitors of hemagglutination. This hemagglutinin is 
extracted from the bacterial cell by N-octylglucose and appears to be an external 
protein as indicated by immunogold staining [2,3]. The fibrillar hemagglutinin 
preferentially binds to the Neu-Ac [2, 3] galactose isomer of Neu-Ac-Iactose. This 
kind of receptor is widespread and not restricted to the gastric epithelial cells 
which contrasts with the specificity of H. pylori for gastric mucosa. Moreover, a 
glycerolipid unrelated to Neu-Ac-Iactose has been found to be another adherence 
receptor for H. pylori [12]. Lelwala Guruge et al. defined three different patterns of 
H. pylori hemagglutinin, according to the type of erythrocytes agglutinated. Their 
pattern 1 is likely due to the neuraminyl-Iactose fibrillar hemagglutinin whereas 
the other patterns to be of different specificity [11]. 

Superficial Adhering Material 

Using the ELISA adherence assay, we tried to identify the adherent bacterial 
material extractable from H. pylori and to determine the specificity of binding [6]. 
The adherent material initially contained in untreated bacteria cultivated on blood 
agar was largely recovered in the saline or water first extracts, whereas further 
extracts including that with glycine (pH 2.2) contained proportionately less. Thus, 
some of the adherent material seems to be surface exposed and easily extractable. 
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Fig. 2. Inhibition of binding of the superficial adhesin of H. pylori by various components: ., 
He La membranes; "", calf fetal fetuin; ., N-acetyl-neuraminic acid; ., bovine serum albumin 

This material was called "superficial adhering material" (SAM). SAM bound 
more on a HeLa cell membrane-enriched fraction (100 % binding) as the binding 
ligand than on cytosolic protein (33 %), polystyrene (30 %), human serum 
albumin (25 %), calf fetal fetuin (10 %), or BSA (5 %). Even at low concentrations, 
HeLa cell membranes inhibit SAM binding, while calffetal fetuin and N-acetyl 
neuraminic acid are not better inhibitors than was BSA (Fig. 2). Pretreatment of 
the HeLa-cell membranes with C. perfringens neuraminidase does not prevent the 
binding of SAM. These data indicate that the SAM of H. pylori binds on a 
membrane receptor different from the N-acetyl-neu-lactose hemagglutinin 
receptor. 

The first saline or water extracts containing a large amount of SAM were used 
to identify this adhering component. The first extracts were fractionated by gel 
exclusion chromatography and each fraction was assesses for protein con
centration, proportion of SAM as measured by ELISA, and urease activity 
(Fig. 3). Most of the bacterial antigenic material was found between fractions 14 
and 40. The adherence activity was found between fractions 15 and 30 and was 
maximum in fractions 17 and 18. Urease activity was concentrated in fraction 18. 
We then analysed by immunoblot using an antiwhole-cell serum the fractions 
exhibiting the maximum adherence and compared them with those lacking 
adherence (Fig. 4). A major antigen of approximately 60 kDa was present in the 
fraction exhibiting the maximum adherence activity and was absent from the 
others. This antigen was also revealed by an anti-urease serum. Thus, SAM 
appears to copurify with urease. 
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Fig. 3. Protein concentration, adherence, and urease activity of gel filtration fractions of water 
extract from H. pylori. Protein concentration determined using the bicinchoninic acid method. 
Adherence determined by ELISA; urease activity determined by NADH-dependent coupled 
enzymes assay 

Conclusions 

After reaching its natural ecological niche beneath the gastric mucus layer, 
H. pylori appears to bind to the gastric epithelial cells. This phenomenon has been 
studied in vitro, with models assessing interaction between viable H. pylori and 
cultivated cells and further by hemagglutination and by micro titer enzyme assays. 
With all these methods, all studied strains have been found to be strongly adherent 
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Fig. 4. Western blot of gel 
filtration fractions of water 
extract from H. pylori, as 
revealed by antiwhole 
bacterial cells serum. TP, 
total protein from bacterial 
cells; WE, water extract; 
19- 55, fraction numbers; 
ADH, adherence activity 
(~g adhesin per ~g bacte
rial antigen) 

to epithelial cells. Two types of colonization factors have been described: external 
fibrillar hemagglutinins binding to N-acetyl-neuraminyl lactose and superficial 
adhering components binding to another unidentified membrane receptor. This 
superficial adhering component copurifies with urease. These two CF may be 
relevant in H. pylori colonization of the human stomach. 

It would be of great interest to determine the relevance of H. pylori-gastric cell 
interactions in the pathogenesis of gastritis. For this purpose, both in vivo and in 
vitro models are needed. These models should allow a simple and accurate 
quantitation of bacteria cell interactions, they should be flexible for extensive 
screening and should allow testing of target cells from various origins, particularly 
those involved in natural infections. The microtiter enzyme assays allow the study 
of interactions between the bacterial component of cellular subunits and should be 
useful for identification of the CF and their cellular receptors. 
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Influence of Helicobacter pylori on Intragastric 
Environment: Bile Acids and Biliary Lipids 

R. RAEDSCH, S. POHL *, A. STIEHL, and J. PLACHKY 

Introduction 

In recent years Helicobacter pylori (HP) was identified as an important factor in 
the pathogenesis of gastritis and ulcer disease. A metabolic activity of HP may 
influence the intragastric environment and represent a link to the pathogenicity of 
these bacteria. The intragastric milieu is determined by aggresive factors like acid 
formation, pepsinogen, bile acids, and lysolecithin. In the present study we 
investigated the interactions of HP with bile acids and biliary lipids. 

Bile Acids 

Bile acids are synthesized in the liver cell and excreted with bile into the 
duodenum. Bile acids reach the stomach via duodenogastric reflux. Also in 
physiological conditions reflex episodes are found. Quantification of duodeno
gastric reflux may be performed using scintigraphic methods. 

Some bile acids are strong detergents. Bile acids are amphoteric molecules and 
consist of the steroid nucleus, one carboxyl group, and one to three hydroxyl 
groups in 3a, 7a, and 12a position. The physicochemical properties of the bile 
acids are greatly determined by the position of these hydroxyl groups and 
additional conjugation of the carboxyl group with glycine or taurine (amidation; 
Fig. 1). 

In several studies a toxic effect of bile acids on gastric mucosa could be 
demonstrated with disruption of gastric mucosal barrier [1- 3]. The detergent 
effects of bile acids decrease with increasing numbers of hydroxyl groups. Thus, 
mono- and dihydroxylated bile acids litho-, deoxy-, and chenodeoxycholate are 
more toxic than cholic acid. Amidation of bile acids decreases toxicity [4]. The 
dihydroxylated (3a, 7/3) ursodeoxycholic acid differs greatly from the a
hydroxylated bile acids and exerts no detergent effect on gastric mucosa or liver 
cells [4, 5]. 

We investigated the concentrations of individual bile acids in gastric juice of 90 
patients with gastritis [6]. Gastric juice was aspirated during routine endoscopy. 
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Fig. 1. Chemical structure of the bile acid molecule 
(cholic acid) HO 

Results 

Primary bile acids cheno- and cholic acid were the predominant bile acids in both 
HP-positive and HP-negative patient groups. In gastric juice of HP-positive 
patients higher amounts of toxic secondary bile acids, litho- and deoxycholic acid, 
and of not glycine or taurine conjugated bile acids were found (P < 0.001). As bile 
acids are almost exclusively excreted by the liver cell as glycine or taurine 
conjugates, deamidation of bile acids must have occurred within the gastric juice. 
As high quantities of not amidated bile acids only have been found in HP-positive 
patients a metabolic activity of HP to deamidate bile acids was suggested. A 
possible hydroxylase activity of HP remains to be established. 

Total bile acid concentrations in gastric juice were significantly (P < 0.001) 
higher in HP-negative patients (0.52 ± 0.2 mmol) compared with HP-positive 
patients (0.25 ± 0.06 mmol). These findings suggested that high duodenogastric 
reflux rates diminish the growth ofHP in the antrum of the stomach. To evaluate 
the effects of individual bile acids in physiological concentration ranges were 
incubated HP in bile acid containing agar and determined minimum inhibition 
concentrations [7]. An effective inhibition ofHP was demonstrated by bile acids in 
concentration ranges found in gastric juice. A correlation of minimum inhibitory 
concentrations of individual bile acids for HP could be shown with polarity and 
detergent activity of the bile acid molecule. 

The inhibitory effect of bile acids on the growth of HP may explain the 
decreased HP colonization rates in patients with high duodenogastric reflux rates 
as also found in patients after gastric surgery [8]. Recolonization of HP in gastric 
remnant was reported after biliary diversion in peptid ulcer surgery [9]. The 
inhibition ofHP by refluxed bile acids represents a local effect mainly restricted to 
the distal part of the stomach; HP colonization of corpus and fundic area are not 
supposed to be affected. 



120 R. Raedsch et al. 

Biliary Lipids 

The main constituents of biliary lipids are cholesterol and phospholipids. Biliary 
lipids reach the stomach by duodenogastric reflux. Biliary lecithin may be 
metabolized to lysolecithin by phospholipase A2. Lysolecithin represents a well
known cytotoxin. Its strong detergent activity disrupts the gastric mucosal barrier 
and membranes of gastric epithelium [10]. 

We investigated the concentrations of phospholipid metabolites and ly
solecithin in gastric juice of 90 patients with gastritis undergoing routine 
endoscopy [11]. We found substantial concentrations of lysolecithin in gastric 
juice of HP-positive patients. Concentrations of lysolecithin were significantly 
higher in HP-positive patients with 0.11 ± 0.02 mmol than in HP-negative 
patients with 0.07 ± 0.02 mmoi. Therefore, we investigated a possible phospho
lipase A2 activity of HP, which may be responsible for increased formation of 
lysolecithin in HP-positive patient groups. HP strains obtained from 27 patients 
with chronic gastritis were kept by sub cultivation and a phospholipase A2 activity 
was examined. Colonies of HP were scraped off agar plates and suspended in 
buffered saline. Quantification of HP in suspension was performed using the 
turbidity method of McFarland. After sonication phospholipase A2 activity was 
assayed using phosphatidyl-choline as substrate. Standard curves were prepared 
from phospholipase A2 derived from Crotalus durissus (Boehringer Mannheim). 
All measurements were carried out in triplicate. 

Results 

Suspension of HP colonies in saline yielded up to 650 X 108 bacteria/I. In all HP 
strains tested phospholipase A2 activity could be demonstrated. Quantitatively 
the activity of phospholipase A2 was 224 ± 29 U /1 per 100 x 108 bacteria (Fig. 2). 

These results demonstrate that HP produces substantial amounts of phos
pholipase A2, which may metabolize lysolecithin from biliary lecithin refluxed 
into the stomach. Lipolytic activities of HP were described recently by another 
author [12]. This metabolic activity of HP may explain the increased con
centrations of cytotoxic lysolecithin found in gastric juice of HP-positive patients. 

Summary and Conclusions 

The pathomechanisms by which HP contributes to gastritis and ulcer disease 
include the production of urease, proteases, adhesive factors, cytotoxins, and 
phospholipase. We could demonstrate interactions of HP with bile acids and 
biliary lipids. Metabolic activities of HP may cause increased formation of 
detergent bile acid metabolites in the stomach. HP strains produce phospholipase 
A2 in quantities which may metabolize considerable amounts oflysolecithin from 
biliary lecithin refluxed into the stomach. This metabolic activity of PH leads to 
increased concentrations of the cytotoxic lysolecithin in the stomach of HP
positive patients and may represent a link to the pathogenicity of HP. 
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Animal Models of Helicobacter pylori Gastritis 

L. ENGSTRAND 

Introduction 

A large number of investigators have agreed that H. pylori is an emerging 
candidate as an agent for the genesis of gastritis and peptic ulcers. There have been 
rapid advances in our knowledge of H. pylori infection, but as with many human 
diseases, progress in the understanding of H. pylori gastritis would be increased if 
there were available for experimental use an animal model of the infection. For 
future research high priority should be given to the development of a challenge 
model in an animal that is raised conventionally. The development of such a model 
may help to fulfil Koch's postulate and to clarify the pathogenetic mechanisms as 
well as therapeutic regimens. 

In order to assess the suitability of an animal as model regarding H. pylori 
infection some factors need to be taken into consideration: Are there similarities to 
the human gastrointestinal system (anatomical, histological, physiological, 
hormonal, acids, etc.)? Is naturally occurring gastritis or ulcer present in the 
animal? Does the animal harbor gastric campylobacter-like organisms in the 
stomach and how do the normal gastric flora appear? Cost, size, age, and details of 
animal breeding are other factors that might determine whether the animal is 
attractive or not and if the model will be convenient. 

Gastric ulcer and gastritis are well known in some animals like cats, dogs, and 
pigs. Endoscopic investigations of the esophagus, stomach, and duodenum in 
dogs and even cats with symptoms are routine in some veterinary hospitals. 
Ulceration in pigs causes economic consequences to animal breeders worldwide 
but because of the difficulties of diagnosis, the early stages of ulceration are 
usually undetected. In rhesus monkeys chronic gastritis has been observed in 
combination with H. pylori and in ferrets gastritis has been observed in 
combination with gastric spiral bacteria but the association with gastritis is 
inconsistent. 

Naturally Occurring Ulcers/Gastritis in Dogs and Pigs 

In a recent paper van der Gaag [1] described the histopathological appearance of 
endoscopic gastric biopsy specimens in dogs with or without symptoms. Of the 
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dogs included in the study 35 % showed slight to severe gastritis but gastric 
erosions and ulcers were seldom found. The classification of dog gastritis is nearly 
identical to the conventional human classification of gastritis. 

In pigs there is a difference between ulcers occurring in the glandular and the 
nonglandular area of the stomach [2]. The nonglandular area surrounds the cardia 
and is frequently the site of ulceration. The peptic ulcer of the glandular area is 
primarily seen in the fundic region but is on rare occasions accompanied by 
ulceration of the glandless esophageal area. These ulcers are often found at 
slaughter. The etiology of the esophageal ulceration still needs clarification but 
some causative agents like infections, psychosomatic and other stress factors, 
gastric acidity, dietary factors, and food preservatives have been established [3]. 

Gastritis of the glandular region in pigs is most pronounced on the greater 
curvature. The pathogenesis is poorly understood. Physiologic hyperemia, 
hemorrhage, infarction, and erosion may be observed but are nonspecific. The 
lesion merely reflects an enteric disease or septicemic process [4]. 

Naturally Occurring H. pylori Infection in Animals 

When H. pylori has been observed in animals it was been in association with 
gastritis. M acaca mulatta, M. nemestrina [5], and probably baboons seem to be the 
only animals so far that naturally harbor H. pylori. Baskerville and Newell [6] 
found histologically confirmed gastritis in combination with H. pylori infection. 
Antibodies to H. pylori were detected in serum by ELISA. Colonization with 
H. pylori in monkeys results in lesions in the antrum identical to H. pylori
associated gastritis in man. 

Experimental Animal Models of H. pylori Infection 

Oral challenge with H. pylori of numerous small laboratory animals like mice, 
rats, rabbits, guinea pigs, and germ-free rats have, so far, all been unsuccessful [7]. 
The gastrointestinal systems of these animals are all different from that of humans 
and may explain why these animals seem to be resistant to the infection. 

However, attempts to infect small laboratory animals will continue since there is 
the need for a convenient animal model that can easily be reproduced by other 
investigators. To this end, oral challenge of only a few animals has been successful, 
i.e., gnotobiotic and barrier-born pigs and recently even germ-free dogs (Krak
owka 1989, personal communication). 

H. pylori and the Gnotobiotic Pig 

Krakowka et al. [8] and Lambert et al. [9] describe the successful colonization of 
H. pylori in gnotobiotic piglets. After pretreatment with H 2-blockers, H. pylori 
was given orally and the pigs were killed at intervals over 4 weeks. Bacteria 
colonized the gastric and proximal duodenal mucosa, development of gastritis 
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was observed (infiltration of mononuclear leukocytes), and H. pylori antibodies 
were found in serum samples collected at necropsy. The use of this model may be 
limited because of the short observation period permitted, difficulties with 
endoscopic examination, treatment regimens, and the method of animal breeding 
(the pigs must be kept in separated isolation units). 

H. pylori and the Barrier-Born Pig 

The barrier-born pig (specific pathogen free) is of a race originating in Sweden, is 
not delivered by hysterectomy, and is kept isolated from common infectious 
agents in pigs. These pigs could be used to assess the therapeutic possibilities once 
a H. pylori infection is established. 

Gastroscopy is technically easy to perform in anesthetized pigs and long-term 
observation (at least 12 weeks) can be done without difficulty. 

The experimental design is comparable with a human inoculation experiment 
[10] and with the gnotobiotic piglet experiment [8,9]. Endoscopy with biopsy was 
repeated weekly for the first 3 weeks and then every 2nd week. Serum samples were 
taken at the same intervals. After 10 weeks four infected pigs were treated with a 
combination of bismuth, metronidazole, and ampicillin for 2 weeks. 

H. pylori could be detected by growth as shown in Fig. 1. Once infected, the pigs 
remained H. pylori positive during the observation period and the H. pylori 
negative pigs remained negative. After therapy the bacteria disappeared from the 
gastric mucosa. 

A stained cryostat section with H. pylori is shown in Fig. 2. Mononuclear cells 
were present in the lamina propria. In the H. pylori positive pigs the intensity of 

Week 
Pig 0 1 2 3 4 6 8 10 12 
no 

1 + + + + + + 
2 + + + + + + 
3 + + + + + 
4 + + + + + + 

5 Treatment 
6 
7 + + + + + + + + 
8 
9 

Fig. 1. Detection of H. pylori from gastric biopsy specimens. Growth of H. pylori in antral biopsy 
specimens from pigs inoculated with H. pylori and from uninfected controls. Treatment was 
performed in all pigs in litter one after 10 weeks observation 
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Fig. 2. Cryostat section of 
gastric pig mucosa stained by 
monoclonal antibodies and 
peroxidase-antiperoxidase. 
Bacteria are indicated by ar
rows: section is counterstained 
using hematoxylin 
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these cells increased 4-6 weeks after inoculation which is comparable to a 
superficial focal gastritis in man (Fig. 3 a, b). These findings in the H. pylori 
positive pigs were varied but with a clear difference from the uninfected pigs. 
Raised antibody levels to H. pylori were detected in the serum from all infected 
pigs 2- 4 weeks after challenge and remained at high levels throughout the 
observation period. Controls and pigs inoculated but not colonized had no 
antibody response specific to H. pylori. 

Future Strategies in Animal Models of H. pylori Infection 

An in expensive, easily reproducible, and convenient animal model of H. pylori 
infection is urgently needed. The rhesus monkey naturally harbors the organism 
and could potentially be a candidate as an in vivo experimental animal. However, 
the cost, difficult breeding, and problems with availability make this animal less 
attractive. 
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a 

b 

Fig. 3a, b. Cryostat sections of gastric pig mucosa before (a) and after (b) inoculation with 
H. pylori. Note mononuclear cell infiltration in b; sections are counterstained using hematoxylin 
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It seems that the animal fulfilling the criteria for a good experimental animal 
model must be protected in some way against common infectious agents before 
challenge with H. pylori. Gnotobiotic pigs and germ-free dogs are susceptible to 
H. pylori and advances have been made with the barrier-born pig model. The pig is 
a well-known laboratory animal and its gastric physiology has similarities to that 
of the human. Recently an interesting study by Duriex et al. [11] has described the 
gastric mucosa concentrations of antibiotics in a pig model. This technique could 
be valuable in different pharmacokinetic studies of anti- H. pylori drugs. 
Furthermore, a recent study describes the successful in vitro infection of pig 
mucosa with H. pylori [12] and another describes a gastric glycerolipid detected 
both in the human and the pig stomach tissue that is specifically recognized by 
isolates of H. pylori [13]. 

In summary, the best current models for experimental H. pylori infection today 
are the gnotobiotic piglet and the barrier-born pig models. The facts that these 
models are expensive and cumbersome with respect to animal breeding and size of 
the animals after 12 weeks make them less attractive. However, the pig fulfils 
many of the above-mentioned criteria for a suitable animal model of H. pylori 
infection. Work on experimental animal models of H. pylori infection in humans is 
just beginning. 
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The Pathogenic Mechanisms of H. pylori - a Comment 

D.G. NEWELL 

At the First European Symposium, in Bordeaux, much of the discussion centred 
on whether H. pylori was pathogenic or not. Many argued in favour of a 
commensal role for the organism. The controversy now appears to be resolved, at 
least in part, and H. pylori colonisation of human gastric mucosa is now thought 
to be aetiological in histological gastritis and, probably, in peptic ulcer. In 
addition, a role for H. pylori in gastric cancer is now being seriously considered. It 
seems that in less than 1 year the question has changed from one of "is H. pylori 
pathogenic?" to "what are the pathogenic mechanisms involved in H. pylori
associated disease?". 

If H. pylori causes such diverse pathological entities as histological gastritis and 
peptic ulcer, it is likely that the disease mechanisms will be both complex and 
multiple. In the workshop on pathomechanisms of H. pylori we invited speakers 
to review and discuss some of the presumed virulence factors already identified 
and to speculate on those bacterial features, which could contribute to H. pylori 
pathogenicity and which are, as yet, relatively uninvestigated. 

When considering the pathogenic mechanisms of a bacterial infection it may be 
advantageous to distinguish between those bacterial properties which allow the 
establishment and maintenance of colonisation - the colonisation factors - and 
those properties which cause disease - the disease-associated factors. Such 
distinctions are, of course, not absolute and some factors which allow coloni
sation, for example urease, may also cause disease. 

Bacterial properties of H. pylori allowing colonisation and causing disease: 

Colonisation factors 
Adherence 
Protection from acid 
Protection from host immune response 

Disease-causing factors 
Direct 

Toxin production 
Immunopathological effects 

Indirect 
Disruption of gastric mucosal barrier 
Bacterial metabolism increasing bile acid toxicity 
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Properties of H. pylori Allowing Colonisation 

In H. pylori infection the organism colonises, chronically and probably life-long, 
the gastric mucosa, which is a uniquely hostile microenvironment. The organism 
has to survive not only exposure to the acidic milieu and the unremitting flow of 
the viscous mucous overlying the gastric epithelium, but also the attacks of a well
established local immune response. 

Adhesion 

Ultrastructurally, H. pylori is seen to adhere intimately to the gastric epithelium. 
This adherence is so strong as to distort the surface of the epithelial cell into an 
adherence pedestal with a concomitant loss of microvilli. Adherence to the gastric 
mucosa is apparently essential for the maintenance of the infection, protecting 
against bacterial loss during the passage of food and in the continuous mucous 
flow. However, some bacteria appear to be free-floating, particularly down in the 
crypts where there is little turbulence. 

The adherence of H. pylori is totally tissue specific, to the extent that even 
gastric metaplasia occurring in the duodenum or rectum can be colonised. 
Conversely, in those areas of the stomach where there is intestinal metaplasia 
colonisation terminates abruptly. There is also considerable host specificity. Only 
humans, non-human primates and possibly the pig are naturally colonised. Such 
specificity suggests the expression of complex adhesins by the bacterium. 

Several adhesins have been identified to date, though none, as yet, account for 
the significant tissue specificity observed. Multiple lectin-type adhesins detectable 
by haemagglutination reactions were described by Dr. Wadstrom (see p.96), and it 
is evident that such reactions are complex with at least nine patterns distinguish
able. Both glycoproteins and glycolipids appear to be involved as cell surface 
receptors of these haemagglutinins (see pp. 96) [6]. At least one type ofhaemagglu
tinin is sialic acid specific and neuraminidase (see pp. 96). A similar adhesin has 
been partly characterised [4] as a surface expressed fibrillar material extractable by 
N-octylglucose. Other adhesins, of which there are several, are neuraminidase 
insensitive. One of these is detectable in a tissue culture cell adhesion model and 
has been partly purified and characterised (see pp. 96). This adhesin is also surface 
associated and co-purifies with urease activity by gel filtration chromatography. 
However, this relationship needs clarification as other bacterial components also 
co-purify with urease using chromatographic techniques. 

It is significant that none of the adhesion studies to date adequately account for 
the absolute tissue specificity. Such studies may well require the development of in 
vitro systems using suitable cellular material from gastric sources. 

Motility 

In order to reach the epithelial cell surface the organism must first penetrate the 
viscous mucin layer. Motility is a notable feature of H. pylori which has between 
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three and seven sheathed flagella sited at one pole. Aflagellate strains poorly 
colonise the stomach of the gnotobiotic piglet model [3] suggesting that motility is 
an essential virulence factor. H. pylori flagellin has been identified recently as a 
51 kDa polypeptide [5]. This protein has been particularly difficult to isolate and 
purify considering the number of flagella expressed by the organism. As expected, 
treatment of organisms with acid conditions causes the dissolution of the flagella 
into flagellin subunits. It seems likely that the flagella sheath material protects the 
flagella, to some extent, from the acidic microenvironment. The sheath material 
has not yet been identified but it may well contain urease activity and is certainly 
highly antigenic. 

Even with extremely active flagella, penetration of the viscous mucin layer 
overlying the gastric epithelium would be difficult, but the spiral morphology 
appears to contribute to penetration and allows at least a proportion of the 
organisms to survive in the mucus flow without attachment. 

Acid Protection 

It is generally believed that the pH at the gastric epithelial surface, where most of 
the bacteria colonise, is close to neutral. However, bacteria evidently closely 
approach acid secreting cells without damage and presumably must survive the 
gastric lumen during transmission. This resistance from the acidic microenviron
ment must, at least in part, be due to the presence of urease activity. The 
importance of urease as a colonisation factor has been confirmed in the 
gnotobiotic piglet model using mutants of H. pylori which poorly synthesis urease 
and which cannot colonise the gastric epithelium [3]. The urease of H. pylori has 
been investigated widely and several investigators provided the most up to date 
information. It now seems that urease has a molecular weight of about 500 kDa 
and comprises two subunits essential for enzymic activity (61 kDa and 28 kDa). 
This enzyme can be purified to homogeneity by chromatographic techniques [2] 
and by affinity techniques with monoclonal antibodies (see pp. 81). Both subunits 
have been cloned into E. coli and sequenced (see pp. 74). The importance of urease 
in the colonisation of the gastric mucosa has been illustrated by the de
monstration of antigenically cross-reactive enzymes in other gastric colonising 
bacteria from humans and animals, but interestingly the ureases produced by 
H. mustelae do not cross-react antigenically (see pp. 81) and show a poor degree of 
DNA homology (see pp. 74) suggesting a different evolutionary origin. 

The location of the urease in the bacterium is essential to its activity. By 
cytochemical staining and immunolabelling at the ultrastructural level, the urease 
is located primarily on the bacterial surface probably lossely associated with the 
outer membrane. 

Polymorphism 

The transmission of bacterial infections is largely dependent on the organism's 
ability to survive between hosts. Coccal forms of H. pylori are produced in vitro in 
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a process during which spiral organisms become spherical. These coccal forms are 
more common in older cultures. Although the cocci are metabolically quiescent, 
they are apparently viable (see pp. 63). Such morphological pleomorphism could 
protect the organism in hostile environmental situations, such as dehydration. 
There is evidence that these cocci are present in situ and it is possible that such 
forms are more resistant to the effects of antibiotics, thereby allowing the 
recrudescence of infection after therapy. 

Avoidance of Host Immune Responses 

H. pylori colonises an apparently immunologically hostile microenvironment. 
During infection the host mobilises both humoral and cellular immunity at the 
infected site. The specificity of the local antibody response towards H. pylori 
surface antigens has been experimentally demonstrated. There is no evidence 
to suggest that the gastric mucosa is an immunologically privileged site. On 
the contrary, it would appear that host immunoglobulin both reaches and 
binds to the bacterium in situ. Therefore the organism must possess mechanisms to 
avoid this response. As yet, little effort has been made to investigate this crucial 
research area, but a number of potential mechanisms can be suggested: 

Antigenic variation 
Induction of ineffective antibodies 
Loss of antigen-antibody complexes from the bacterial surface 
Antibodies inactivated by soluble antigens 
Non-specific binding of host immunoglobulin masking antigens 
Immunosuppression 
Non-specific stimulation of host immune response 
Production of enzymes which destroy antibodies 

Properties of H. pylori Causing Disease 

There are a limited number of mechanisms by which bacteria cause disease 
including invasion of host cells with concomitant local tissue damage, toxin 
production affecting local or distal sites, and immunopathological reactions, 
which are host-mediated events. In the gastric mucosa there is also an indirect 
potential mechanism for causing disease. In this case disruption of the mucin layer 
overlying and protecting the gastric epithelium would result in local tissue damage 
involving inflammation, possibly leading to peptic ulceration. 

Toxin Production 

As H. pylori is not invasive, potential toxic mechanisms have been investigated by 
several laboratories. It was initially thought that H. pylori produced proteases 
which allowed mobility through the mucin layer but which disrupted the gastric 
mucosal barrier. H. pylori is surrounded in situ by a cave-like structure. Moreover, 
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during colonisation the ultrastructure of the gastric mucus changes from net-like 
to globular (see pp. 63). Such changes are supportive evidence of proteolytic 
activity. However, recent investigations [1], confirmed by others at the workshop, 
could find no significant proteolytic activity by H. pylori. 

The gastric mucosal barrier may also be susceptible to the detergent properties 
of products of bacterial metabolism, of bile acids and of biliary lipids (see page 118). 

The production of specific cytotoxins by H. pylori would also cause cell 
damage. About 50 % of strains produce a non-lethal, heat-labile protein factor 
which causes vacuolation in tissue culture cells (see pp. 86). This cytotoxin affects a 
number of physiological processes including the rate of cell death. It has been 
partly characterised, and several cytotoxin-associated polypeptides have been 
detected (130 kDa, 95 kDa and 80 kDa) which are not present in non-toxic 
strains. The significance of this cytotoxin in vivo is still debatable. However, 
specific antibodies against the cytotoxin-associated polypeptides are produced 
during infection. 

Almost certainly many more bacterial factors which interfere with host cell 
biochemistry and physiology will be detected in the future. Nevertheless, the 
relevance of such activities to the pathological processes needs to be carefully 
considered before a toxicological affector mechanism can be attributed to 
H. pylori-associated gastroduodenal diseases. 

Immunopathological Effects 

The local immune response to H. pylori is well-established. This response is 
directed primarily against antigenic material, including urease, which is conti
nuously eluted from the bacterial surface. Such antigenic insult of an im
munologically virgin mucosal surface would cause a rapid local recruitment of 
antigen presenting cells and antigen-specific T helper lymphocytes to stimulate the 
proliferation and differentiation of antibody-producing B cells. This massive 
immune response requires down regulation by antigen-specific T suppressor/cy
totoxic cells. The mucosal surface then becomes a reservoir of immunocompetent 
cells. Such cells are the components of the histological gastritis associated with 
H. pylori infection. In this wayan immunological over-responsiveness by host
mediated defence mechanisms can account for the bacteria-associated disease 
without recourse to other pathomechanisms. Considerably more work will be 
required on the characterisation of surface antigens and the identification of 
antigen-specific T and B cells within the gastric mucosa before the significance of 
this mechanism in the disease can be assessed. 

In VIvo Models for Investigation of H. pylori 

Pathogenic Mechanisms 

Investigation of the virulence factors of H. pylori has been seriously hampered by 
the lack of a suitable animal model. It now seems unlikely that small laboratory 
animals can be colonised with H. pylori, even when genetically or immunologi-
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cally manipulated. To date only the primate and gnotobiotic piglet models have 
seemed scientifically useful. However, both are restricted to a few specialised 
laboratories. The description of the barrier-born piglet model (see pp.122) indicates 
that, at least in susceptible animals, bacterial competition does not necessarily 
prevent colonisation. 

The accessibility of in vivo models will be the limiting factor in defining and 
characterising pathogenic mechanisms. Therefore, the development of suitable in 
vitro models becomes essential, especially to assess the virulence of the genetically 
engineered bacteria now being produced. It should also be remembered that the 
expression of virulence factors is frequently dependent on growth conditions. 
Without doubt current culture conditions cannot reflect the natural growth 
environment. The development of continuous culture techniques with controlled 
microenvironments which can simulate the gastric mucosa could provide complex 
models more suitable for detecting virulence factors. 

H. pylori infection has uniquely combined the research resources of many 
disciplines with successful collaborations between microbiology, immunology, 
biochemistry, molecular biology, gastroenterology, and pathology. The en
thusiastic, and sometimes heated, discussion initiated during this workshop 
illustrated the willingness of workers in this field to both communicate and share 
their ideas. Such enthusiasm will undoubtedly unravel the pathogenic mechanisms 
of H. pylori-associated diseases in the future. 
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Methods of Studying the Immune Response 

H. VON WULFFEN 

The successful culturing of Helicobaeter pylori (formerly Campylobaeter pylori) by 
Marshall [6] opened the way for conducting serological studies using this 
organism as antigen. Various serologic test methods have been employed since, 
including the complement fixation test [3, 9], agglutination test [3], passive 
hemagglutination assay [5], enzyme-linked immunosorbent assay [1, 2], and 
immunoblot techniques [4, 9]. In principle, all of these methods work to show that 
colonization or infection with H. pylori leads to a detectable humoral immune 
response. However, studies comparing the performance of older and more recent 
methods, e.g., complement fixation with immunoblot [9], usually reveal the 
superiority of the ELISA and the immunoblot method over the other techniques. 
For this reason, I shall be limiting my discussion to these two methods. 
The advantages of the immunoblot method are: 
1. High sensitivity 
2. Detection of class-specific antibodies 
3. Assessment of antigen preparation and variation 
4. Differentiation of immune response to distinct proteins 
5. Recognition of cross-reactions 

This technique yields a very high sensitivity, one reason for this being that any 
particular immunogenic protein is being concentrated in a very thin line on the 
nitrocellulose membrane. Also, by using class-specific detecting antibodies in the 
conjugate step, we can differentiate the immune response with regard to the 
different immunoglobulin classes, something we are very much interested in when 
studying a chronic mucosal inflammatory state. 

In studying the immune response to H. pylori, it has become evident that it is not 
so much the method used as the antigen preparation employed that decides on the 
quality of the serological assay. The immunoblot technique provides the tools that 
are necessary to study the antigen preparation and assess its variations. The 
comparative analysis of the protein profiles of different H. pylori isolates on the 
stained gel or the developed blot may help to decide, for example, whether to use 
one or more strains as antigen. The immunoblot analysis may also reveal the 
presence or absence of cross-reacting proteins in different preparations of the 
antigen. Thus, no matter what method is used for serology, the immunoblot 
technique is an excellent instrument for quality control of the antigen preparation. 

Institut fUr Medizinische Mikrobiologie und Immunologie, Universitiitskrankenhaus Eppen
dorf, Martinistr. 52, D-2000 Hamburg 20 

Hehcobacter pylori, Gastntis and Peptic Ulcer 
Edited by P. Malfertheiner and H. Dltschuneit 
© Springer-Verlag Berlin Heidelberg 1990 



138 H. von Wulffen 

When interpreting an individual blot strip developed with a patient's serum, one 
may have difficulties in deciding whether the reactive bands are specific for 
H. pylori or not. In a previous study [10] the analysis of a large number of sera led 
us to the selection of a set of four apparently H. pylori-specific protein bands. On 
the basis of the evaluation of these protein bands we constructed a scoring system 
whereby one point was assigned to each reactive band and half a point to a weakly 
reactive band, and we were thus able to establish semiquantitative correlations 
between the number of reactive bands and various groups of patients. 

Although this immunoblot method is a very efficient tool for studying the 
immune response, it does have a number of drawbacks. It is: 
1. Laborious 
2. Apt to trouble-shooting 
3. Only semiquantitative 
4. Not easily able to identify a particular protein band in a complex antigen 

mixture 
5. Not always able to transfer all proteins of interest transferred during a blot 
6. Capable of denaturing immunodominant epitopes 

Especially because it is quite labor-intensive it is not suited for testing large 
numbers of sera. Like any other sophisticated method it is apt to trouble-shooting, 
and once it is not working correctly, it may be very time-consuming to find the 
fault. As mentioned above, the method only allows a semiquantitative interpre
tation of the results. In complex antigen mixtures such as a whole cell lysate or a 
sonicate where one gets a very dense set of reactive bands, it may become very 
difficult to identify a particular protein band. Also, depending on the quality and 
percentage of the polyacrylamide and the method of transfer used, not all proteins 
of interest may become transferred to the nitrocellulose during the blotting 
procedure. Since the antigen samples are boiled in sodium dodecyl sulfate (SDS) 
and other denaturing agents, some of the immunodominant epitopes may no 
longer be recognized. 

Let us now turn to the ELISA method. The advantages of this procedure are: 
1. Ease of handling large numbers of samples 
2. High sensitivity 
3. Detection of class-specific antibodies 
4. Quantitation 

In contrast to the immunoblot method, there is no problem with screening large 
numbers of serum samples in parallel. Its sensitivity is comparable, and one can 
also differentiate the immune response with regard to the immunoglobulin classes. 
As the ELISA results are printed out as absorbance readings, quantitative 
interpretations may be obtained. 

There are several ways that ELISA results may be quantitatively expressed. Of 
course, the classical way is to use serial dilutions and titrate the end-point. This, 
however, would mean forgoing the advantage of being able to process large 
numbers of sera in parallel. 

Some investigators simply take the raw optical density readings, a method that 
may present problems in as much as you cannot avoid day-to-day variations. In a 
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previous study [8] we decided to express our results as ELISA units (U jml) based 
on serial dilutions of an internal standard serum. The absorbance readings of this 
calibration serum at a dilution of 1 : 3200 for IgG were arbitrarily set at 100 U jml. 
For each test serum done in duplicate the mean absorbance value was recorded, 
and the result was calculated from the standard curve and expressed in U jml. 
Another way that has been suggested [7] is to measure the concentration of the 
anti-H. pylori antibodies by using a standard curve of human immunoglobulin 
mass. That way one can express the results as Ilg bound immunoglobulin per ml. 

Serological assays are usually judged on the basis of their performance values 
such as sensitivity, specificity, positive and negative predictive values. To derive 
these data, one needs a set of clearly defined positive and negative reference sera. 
What should be the "golden standard" for defining the terms positive and 
negative in relation to H. pylori? For the purist microbiologist, of course, there is 
no doubt: culture of the organism must be the golden standard. On the other hand, 
we know of the patchy distribution of H. pylori and the related type B gastritis in 
the stomach mucosa. So, how many biopsies and cultures do we need to get 100 % 
of our proposed golden standard? What about a biopsy urease test, 14C-urea 
breath test, microscopic detection of the typical organism, or even the 
histopathologist's diagnosis of type B gastritis as a reference method for serology? 
The choice one makes probably depends on the quality of the reference methods 
available in a given situation. Table 1 illustrates this: using the same acid glycine 
extract as antigen for an IgG ELISA, we arrived at quite different performance 
values depending on the reference method employed. Overall, we found the best 
values using the breath test as "golden standard." 

Table 1. Sensitivity and specificity of H. pylori acid extract IgG ELISA in relation to reference 
method used 

Histological grading 
of gastritis 
% 

Sensitivity 85 
Specificity 62 
Positive predictive value 89 
Negative predictive value 54 
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Serodiagnosis of Helicohacter pylori Infections: 
Suitability of Various Antigen Preparations 

A. M. HIRSCHL and M. L. ROTTER 

Introduction 

The detection of antibodies specific for Helieobaeter (Campylobaeter) pylori is 
gaining importance for the diagnosis of chronic gastritis associated with this 
pathogen [12,14]. Compared with invasive diagnostic methods or breath tests, 
serodiagnosis is much easier to perform, cheaper, and, above all, less stressful to 
the patient. Furthermore, for the purpose of studying the efficacy of therapeutic 
regimens, it appears well suited for monitoring the colonization of the gastric 
mucosa with H. pylori (Fig. 1). This is advantageous since in studies such as 
these frequent endoscopies are necessary over a long period, which is expensive 
and not a factor conducive to patient compliance. Of course, biopsy speciriens 

Fig. 1. Serum IgG titers 
(ELISA) to H. pylori in 
patients with duodenal 
ulcer before and after 
treatment with amoxy
cillin (750 mg 
t.i.d./12 days) + metroni
dazole (500 mg 
t.i.d./12 days). ELISA 
was performed as already 
described [7]; centrifuged 
sonicate of patient's own 
strain served as antigen. 
ELISA values expressed 
as % of the titer at time 
o ( = before onset of 
treatment) for each 
individual patient 
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would still be indispensable for cultivation of the pathogen, typing, and sensitivity 
testing, as well as for histological check-up, but the frequency of taking them could 
possibly be significantly reduced. 

Of all serological techniques employed, today the IgG-ELISA is used most 
frequently because it is relatively easy to perform and highly flexible [1-7,9-11, 
13, 15-18]. 

H. pylori Antigens for ELISA 

These antigens may be classified into three categories: (a) whole-cell antigens and 
ultrasonicates of them, (b) partially purified antigens, and (c) highly purified 
antigens. 

Whole-Cell Antigens and Ultrasonicates 

These antigens contain a multitude of epitopes which are not very well defined. 
Therefore, nonspecific binding of immunoglobulins and cross-reactions (mainly 
with other Campylobacter spec.) occur frequently. This results in a relatively high 
background of false-positive reactions and consequently in unsufficient specific
ity, examples of which are given in Table 1. The data listed there and also in the 
subsequent tables are not directly comparable with each other as technical details 
of the test, interpretation of results (e.g., threshold), and, above all, choice of 
diagnostic methods for the detection of H.pylori are not uniform. Generally, it 
can be stated that the specificity can be enhanced by changing the interpretative 
threshold but only together with a nonproportional loss of sensitivity. Fur
thermore, an "artificial" fixing of cut-off limits does not take into account the 
distributions of positive and negative sera which usually is bimodal. This in turn, 
can create problems since a high number of readings may happen to lie within the 
cut-off region, thus giving rise to a purely arbitrary allocation of patients' sera to 
the interpretative categories "negative" and "positive." Also fixing of two cut-off 
values, one for high specificity and one for high sensitivity, as it has been suggested 
[5,9], does not solve the problem in the situation of routine testing. 

Table 1. Sensitivity and specificity of H. pylori IgG-ELISA using whole cells or sonicates of them 
as antigen 

Antigen 

Whole cells 
Whole cells 
Whole cell supernatant 
Sonicate 
Sonicate 

Sensitivity 
(%) 

91.0 
97.0 
98.7" 
96.5 
98.9 

Specificity 
(%) 

75.0 
78.0 
73.1 a 

90.0 
70.6 

a Numbers calculated from data shown in cited paper 

Reference 

Morris et al. [10] 
Schaber et al. [18] 
Musgrove et al. [11] 
Perez-Perez et al. [16] 
Hirschi [6] 
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When using whole cells or ultrasonicates of them as an antigen it also seems 
important to know which strain(s) and a mixture of how many strains should be 
employed. In any case, in some of our own studies [6] significantly higher IgG 
titers were observed with ELISA testing when the patient's own strain was used as 
an antigen rather than a type strain. 

Partially Purified Antigens 

Among these antigens centrifuged cell sonicates and acid-glycine extracts produce 
test results of markedly higher specificity than sensitivity (Table 2). This is true, at 
least, if the interpretative cut-off is chosen as the value calculated from the mean 
titer of negative sera +3 SD (own results). In contrast, crude urease preparations 
give rise to test results with a distribution pattern of readings similar to that found 
with nonpurified antigen preparations, consequently offering relatively low 
specificity only. Dent et al. [2] believe that the high proportion of so-called false
positive results of this serodiagnostic approach is due to failure of the other 
diagnostic methods such as culture or histology to detect the presence of H. pylori 
rather than low specificity of the ELISA. This hypothesis is supported by results of 
Evans et al. [3] who obtained very good results with an antigen preparation they 
describe as "high molecular weight cell associated proteins exerting strong urease 
activity," thus with an antigen which is probably very similar to the above
mentioned urease preparation though obtained in a different way. In this study, 
the decision as to whether a serum stems from a patient infected with H. pylori or 
not was based on the results of the 13C-urea breath test. Also very good results 
were reported by Stacey and Newell [19] who separated a cell ultrasonicate by 
FPLC, pooled certain fractions, and used this mixture as an antigen. 

Highly purified Antigens 

Results obtained with antigens of this group are distinguished by very high 
specificity but suboptimal sensitivity; thus, antigens of this group produce a rather 

Table 2. Sensitivity and specificity of H. pylori IgG-ELISA using partially purified antigens 

Antigen Sensitivity Specificity Reference 
(%) (%) 

Centrifuged sonicate 76.0 97.6 Own results 
Ultracentrifuged sonicate 83.8 95.1 Own results 
Acid-glycine extract 70.3 97.6 Own results 

85.7 a 97.0 a Newell and Stacey [13] 

Crude urease 94.3 a 72.7 a Newell and Stacey [13] 
100.0a 73.2a Dent et al. [2] 

High molecular weight cell- 98.7 100.0 Evans et al. [3] 
associated proteins 

a Numbers calculated from data shown in the cited paper 
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Table 3. Sensitivity and specificity of H. pylori IgG-ELISA using highly purified antigens 

Antigen 

Purified urease 
Protein (approx. 120 kDa) 
N -Acetylneuraminyllactose-

binding hemagglutinin 

Sensitivity 
(%) 

65.7' 
83.8 
74.8 

Specificity 
(%) 

100.0 ' 
97.6 
98.3 

, Numbers calculated from data shown in the cited paper 

Reference 

Newell and Stacey [13] 
Own results 
Evans et al. [4] 

large proportion of false-negative results (Table 3). This is not surprising as it is 
well known that the immune response to H. pylori can be very variable [8,13]. 
Consequently, it is unlikely that a highly purified antigen with its relatively low 
number of epitopes will recognize products of the immune response to H. pylori in 
each individual patient. But combining antigen preparations such as these with 
only partially purified antigens leads to interesting results. And, indeed, in our 
hands a combination of an acid-glycine extract or an ultracentrifuged cell sonicate 
with the 120 kDa protein of H. pylori [7] led to nearly optimal values for specificity 
and sensitivity (Table 4). 

Table 4. Sensitivity and specificity of H.pylori IgG-ELISA using mixtures of antigen 
preparations 

Antigen Sensitivity Specificity Reference 
(%) (%) 

Ultracentrifuged 
sonicate + protein 120 kDa 97.3 100.0 Own results 

Acid glycine 
extract + protein 120 kDa 97.3 100.0 Own results 

Conclusions 

Whole cells and nonpurified cell sonicates of H. pylori are in general not (well) 
suited for serodiagnosis of an infection with this pathogen because the specificity 
of the test system is insufficiently low. In contrast, results obtained with 
"unicomponent antigens" are highly specific but the test systems are of 
suboptimal sensitivity; with regard to the latter feature the 120 kDa protein comes 
off comparatively best. 

Among the group of "multicomponent but partially purified antigens" the acid
glycine extract though, as yet, frequently regarded as a standard is inferior to 
antigen preparations containing components of urease. Mixtures of various 
antigen preparations also led to very satisfying results. 

Summarizing, it can be stated that several excellent test systems are available for 
the serodiagnosis of H. pylori infection; thus, invasive and/or expensive diagnostic 
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procedures may at least partially be replaced by these methods. Which of these test 
systems (or others) will be regarded as a reference system in future will probably 
also depend on the suitability of the technique of antigen preparation for large
scale production. 
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Possible Clinical Uses of Serology of Helicohacter pylori 

G.M. SOB ALA 

Introduction 

The highly specific and sensitive serological tests for H. pylori which have recently 
been developed clearly have many uses in epidemiology and other research [12], 
but their role in clinical practice is unclear. There have been suggestions that 
serology could be used in the diagnosis of dyspepsia and also in the monitoring of 
anti-Helicobacter therapy. This paper will discuss the problems underlying such 
approaches. 

Diagnosis of Dyspepsia 

H. pylori serology may find a role in the diagnosis of dyspepsia because the current 
situation is unsatisfactory. Dyspepsia is a very common symptom in the 
community [6], and its investigation constitutes a major workload for both 
radiology and endoscopy services. Most centres have experienced a steady 
increase in the yearly number of upper gastrointestinal (GI) endoscopies over the 
past decade (Table 1). The majority of these investigations yield normal results or 
show minor pathology 9f doubtful clinical significance. Only about 20 % of 

Table 1. Yearly numbers of upper GI endoscopies performed at Leeds General Infirmary, 1975-
1988 

Increasing endoscopy workload 

Year Upper GI Year Upper GI 
endoscopies performed endoscopies performed 

1975 247 1982 2105 
1976 1025 1983 2549 
1977 1280 1984 2399 
1978 1506 1985 2364 
1979 1835 1986 2306 
1980 1917 1987 3282 
1981 2031 1988 3191 

Gastroenterology Unit, The General Infirmary Great George Street, Leeds, West Yorkshire LS 1 
3EX, United Kingdom 
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Table 2. Diagnoses in 1119 patients attending a dyspepsia clinic at Leeds General 
Infirrnary,1987 -1989 

Causes of Dyspepsia 

Diagnosis 

Neoplasm 
Peptic Ulcer 
Oesophagi tis 
Erosions 
Minor abnormality 
Normal 
Total 

No. of patients 

17 
236 
193 

31 
282 
360 

1119 

Percentage of total 

1.5 
21.1 
17.2 
2.8 

25.2 
32.2 

investigated patients prove to have peptic ulcer disease, and 1 % - 2 % have gastric 
cancer (Table 2). 

The discovery of the very close association between H. pylori and peptic ulcer 
disease, and duodenal ulcer disease in particular, has led to suggestions that 
noninvasive tests for the presence of this organism could be used as an adjunct or 
an alternative to endoscopy in diagnosing dyspepsia [10, 12, 14]. There are two 
methods by which H. pylori can be detected noninvasively: serology and carbon
labelled urea breath testing. In the best hands both are very sensitive and specific, 
but serology would undoubtedly be cheaper to use on a mass scale and does not 
have the logistic problems associated with the breath tests. Serology can be 
performed on a blood sample drawn from the patient by this primary care 
practitioner, whereas breath testing requires patients to fast (which they dislike), 
at least 0.5 h of their time, and probably a visit to a central hospital. 

The main aims for introducing H. pylori serology into the diagnostic process 
would be to endoscopy and radiology workloads and to reduce the overall cost of 
investigating dyspepsia. However, clinicians hold widely divergent views as to 
which sorts of patients should be investigated, why they should be investigated, 
and as to the optimal therapy for each of the causes of dyspepsia [1]: these issues 
are more pertinent to devising a suitable strategy for serology in the diagnosis of 
dyspepsia than are technical issues such as the sensitivity and specificity of the 
assays. The key point is that a strategy should actually influence management. 
Three different strategies and the assumptions behind them will be discussed 
below. 

Serology as Replacement for Endoscopy 

The most radical suggestion is that serology should replace endoscopy/radiology. 
This strategy is based on the assumption that H. pylori is a key factor in dyspepsia 
and that in essence only two forms of dyspepsia exist: H. pylori-positive dyspepsia 
(whether due to ulcers or not) which should be treated by Helicobactericidal 
therapy and H. pylori-negative dyspepsia which should be managed in other ways. 
It does not need to be stressed that these assumptions are currently highly 
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controversial. Although there is increasing evidence for a role for H. pylori in 
duodenal ulcer disease, its role in gastric ulcer disease is less clear and its role in 
"nonulcer dyspepsia" (NUD) is completely unproven. Such a strategy could only 
sensibly by implemented if it were eventually proved that nonulcer dyspepsia in 
H. pylori-positive patients does respond to the same Helicobactericidal therapy as 
peptic ulcers, and that such therapy is safe when used relatively indiscriminately. 
The results of many further clinical studies are awaited to answer these questions. 

The "success" of this strategy would be measured by the number of endoscopies 
it saved, and also by the accuracy with which it categorised patients as H. pylori 
positive or negative: the latter clearly depends on the sensitivity and specificity of 
the serological method used. 

Serology as Screening Procedure Prior to Endoscopy 

A more widely suggested strategy is that of using serology as a screening procedure 
[12, 14]. Patients with dyspepsia would have their H. pylori status determined by 
serology. Positives would go on to endoscopy to determine whether they had 
peptic ulcer disease, while negatives would be reassured and treated for "nunulcer 
dyspepsia". This policy is basedon the assumption that it is important to make a 
positive diagnosis of peptic ulcer disease: in other words, that peptic ulcer patients 
should be managed differently from other patients with dyspepsia. Indeed, the 
assumption is that the chief aim of endoscopy in most patients is to detect ulcer 
disease rather than minor upper GI tract pathologies (e.g. oesophagitis) which are 
less closely associated with H. pylori. For physicians who use H2 receptor 
antagonists for all forms of dyspepsia such a strategy would be irrelevant, while 
for those using Helicobactericidal therapy only for ulcer patients it would be ideal. 

The "success" of this strategy would be measured by the number of endoscopies 
it saved and also by its accuracy in detecting peptic ulcer disease. 

Screening for H. pylori-Negative Patients 

A third suggestion is a curious blend of of the first two strategies [9]. It is that 
patients with dyspepsia should first have serology performed. Patients with 
positive results should be treated with Helicobactericidal drugs; patients with 
negative results should go on to upper GI endoscopy to determine the cause of 
their symptoms - which ipso facto must be a pathology not associated with 
H. pylori. This strategy, like the first, assumes that treatment for peptic ulcer 
disease and H. pylori associated nonulcer dyspepsia should be the same, and yet 
the authors themselves believe in "a non-existent direct relationship between 
gastritis and dyspepsia" [8]. It is also based on the odd belief that the "causes" of 
H. pylori-negative dyspepsia are likely to be visible endoscopically. This is not in 
line with general experience. 
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How Well Would Such Strategies Work? 

No studies of an adequate size have yet been published on the actual use of 
H. pylori serology to screen patients for endoscopy, but we have extrapolated the 
likely results from biopsy determined H. pylori status in 842 dyspepsia clinic 
patients, and these data are presented elsewhere in this volume. 

Problems with Screening Strategies 

H. pylori-Positive Nonulcer Dyspepsia 

As has already been pointed out, it is not really possible to choose a rational 
strategy until the problem of the interrelationship (if any) between H. pylori and 
nonulcer dyspepsia has been worked out. 

Gastric Cancer 

A problem with all three strategies outlined above is that in their "raw forms" they 
overlook the issue of gastric cancer. It is increasingly being recognised that 
successful therapy of gastric cancer hinges on early diagnosis and thus on early 
investigation of dyspepsia. Early diagnosis has to be by endoscopy and biopsy, 
and this is clearly at odds with any policy which screens patients away from 
endoscopy. However, it has been pointed out that (in the UK at least) gastric 
cancer is extremely rare in patients under 45 years of age, constituting only 1.8 % 
of all cases [16], and thus a modification could be to apply the strategies only to 
patients under this age. Older patients, in whom gastric cancer is a real risk, would 
be investigated anyway. It is still not clear how many of the rare gastric cancers in 
young patients would actually evade detection using such modified strategies: the 
precise relationship between H. pylori and gastric cancer has still to be determined. 
Although it has been known for many years that chronic gastritis is usually present 
in cases of gastric cancer [4, 11], and Correa and Ruiz [3] consider that H. pylori 
may be a promoter of gastric carcinogenesis, the organism has not universally 
been found in cases of gastric cancer. However, even assuming that serology 
would be positive in only 70 % of young patients with gastric cancer, a "missed" 
gastric cancer in a young patient (under 45) would occur very rarely indeed: 
perhaps once for every 7500 patients of all ages seen. Although each individual 
missed gastric cancer in a younger patient is a tragedy, the effect of a screening 
strategy could well be to free endoscopic resources for the earlier detection of 
cancers in patients over 45: thus for everyone missed cancer in a patient under 45, 
several patients over 45 may have lesions detected at an earlier and curative stage. 

H. pylori-Negative Peptic Ulcers 

If the serological test in use has a high sensitivity for detecting H. pylori infection, 
then the peptic ulcers missed by the strategy will be H. pylori negative. If an age 
limit is in force then these will mostly be duodenal in site. We do not know enough 
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about these ulcers to assess the clinical importance of missing such a diagnosis. It is 
not known whether they follow a different clinical course to H. pylori-positive 
peptic ulcers, and especially whether they are as likely to relapse, bleed or 
perforate. Before a serology strategy can be "judged", this knowledge has to be 
obtained. 

Oesophagitis and Other Upper GI Pathology 

The discussion so far has centred around peptic ulcer disease and gastric cancer. 
Clearly there are other pathologies which can be detected endoscopically. Even if 
one assumes that gastric and duodenal erosions can be subsumed into the broader 
category of ulcer disease, this leaves diagnoses such as hiatus hernia and 
oesophagitis. However, with these two diagnoses one has to question the value of 
the endoscopy in affecting the management of the patient. A patient with 
heartburn is likely to be treated for gastro-oesophageal reflux whether or not 
endoscopy shows active oesophagitis: endoscopy is not the gold standard for the 
diagnosis of this condition [5, 7], and if serology can act as a tool in the diagnostic 
process by excluding concurrent peptic ulcer disease then the indications for 
endoscopy are diminished. The relationship between H. pylori and such con
ditions in young patients is also not completely clear: while no close association 
exists as for dudenal ulcer, weaker associations have not been excluded [2]. 

Commercial vs Research Assays 

Before any screening strategy can be implemented, prospective studies must be 
done on large numbers of patients looking closely at precisely how many cases of 
each relevant diagnosis would be missed by implementing the strategy. Such 
studies must be performed with the same commercial kits which would be used in 
the implementation of the strategy, and ideally the assays themselves should be 
performed in routine diagnostic laboratories, rather than the research labora
tories in which the assays were developed. Kits tend to perform rather better in the 
hands of their creators than in the "real world"! 

Epidemiology of H. pylori 

Clearly there is little point in implementing a strategy if in fact the prevalence of 
H. pylori in young patients in the local population is very high: few endoscopies 
would be saved. Similarly it may be dangerous to implement a strategy in a 
population with a high incidence of gastric cancer in the young. 

What Would Happen to the "Screened" Patient Anyway? 

The final problem is that a strategy may fail in its goal of reducing the total number 
of endoscopies being performed if the patients who are screened away from 
endoscopy actually end up having one anyway ~ perhaps after a brief therapeutic 
tussle in the out-patient clinic. For a strategy to work, one requires a clear 
management plan for H. pylori-negative patients that does not include endoscopy 
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at an early stage. The clinicians must be able to trust the serological test's exclusion 
powers. 

Serology as Form of Monitoring Therapy 

The questions surrounding the possible clinical uses of serology as a tool in 
monitoring the effectiveness of therapy directed against H. pylori are a lot more 
straightforward. Such therapy is being used increasingly widely, and methods of 
determining its success or failure are required. Endoscopy and biopsy is accurate 
but elaborate, unpleasant and otherwise probably unnecessary. Carbon-laballed 
urea breath tests are very useful in this role, having high sensitivities and 
specificities, but they still require the patient to fast and attend a central unit, and 
either require very expensive equipment (C 13 urea), or involve a small radiation 
dose (C14 urea). If serology could achieve comparable sensitivity and specificity 
(above 90%), then it would answer a real need. There is certainly evidence that 
titres to H. pylori do fall within a few months of eradicating the organism [13, 15], 
but the immunologists' problem is no longer that of defining cut-off values for 
past or current infection. What are required are accurate guidelines as to how 
great a fall in titres over what time period indicate eradication of H. pylori, and the 
sensitivity and specificity of such predictions. It is possible that such criteria may 
emerge from further work in this field, but much remains to be done. 
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Evaluation of a Clinical Role 
for Serology to Helicobacter pylori 

G.M. SOBALA, B.l. RATHONE, T. SHALLCROSS, 1.1. WYATT, M.F. DIXON, 
R. V. HEATLEY, and A. T. R. AXON 

Introduction 

Demand for endoscopy services is growing inexorably and diverse strategies have 
been proposed to use them more effectively [1, 8]. One suggestion has been centred 
around the close association between Helicobacter pylori and peptic ulcers and the 
development of accurate serological tests for the presence of this organism. This 
could allow endoscopy to be targetted to patients serologically positive for 
H. pylori, among whom nearly all peptic ulcers should occur. We have examined 
the likely results of implementing three different strategies for easing endoscopic 
workload, using retrospective data from dyspepsia clinics. 

Method 

Retrospective data was available on 842 patients either randomly or consecutively 
selected into four different studies from three separate dyspepsia clinics in two 
hospitals in Leeds over 4 years. All patients had been referred for investigation of 
dyspepsia by their general practioners. The following data were available for these 
patients: age, presence/absence of peptic ulcer disease on endoscopy, and H. pylori 
status on the basis of modified Giemsa staining of at least two gastric biopsy 
specimens. In 696 patients data were available on the recent usage of nonsteroidal 
anti-inflammatory agents (NSAIDs). The data had been stored in computer files, 
using three separate proprietary databases. The files were combined and the final 
dataset was analysed using SAS 5.16 running on an Amdahl mainframe. Due to 
differences between the original studies, the final dataset could not contain data 
on patients with gastric cancer, details of the site of the peptic ulcers, or 
information on other endoscopic findings. 

The likely effects of three strategies were examined. 

Strategy 1 

The chief aim of this strategy to diagnose gastric cancer. The endoscopic diagnosis 
of peptic ulcer disease, while useful, is not held to be essential [8]. Accordingly 
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endoscopy is restricted to patients over a certain cut-off age, set at around 40-45 
years. Dyspeptic patients under this age would not be endoscoped as gastric 
cancer is very rare in these younger patients. 

Strategy 2 

The aims of this strategy are to use endoscopy both to detect gastric cancer and to 
make a positive diagnosis of peptic ulcer disease [6,7]. Accordingly to catch the 
gastric cancers, as in strategy I, all patients over a cut-off age would be 
endoscoped. Patients under this age would be screened with serology to H. pylori. 
Those with positive results would be endoscoped. A negative result would be 
deemed to have excluded peptic ulcer disease, and endoscopy would not be 
necessary. 

Strategy 3 

This is a modification of strategy 2, and has the same aims. The modification is 
based on the belief that a substantial proportion of H. pylori-negative peptic ulcers 
occur in patients using nonsteroidal anti-inflammatory drugs. Therefore all 
patients over the cut-off age or using NSAIDs would be endoscoped. Other 
patients would be screened with H. pylori serology as outlined above. 

The model was used to assess the number of endoscopies that would be saved, 
and the proportion of all peptic ulcers that would be "missed" by each strategy at a 
selection of cut-off ages. The assumption was made that serological testing would 
have produced the same result as to H. pylori status as the biopsy Giemsa 
technique actually used. In practice agreement is likely to be very good (perhaps 
95 % or better) but not perfect, and so the results must be considered to be slightly 
"fuzzy". Of course, it is perfectly possible that serodiagnosis of H. pylori could 
yield "better" results than biopsy in these circumstances. 

Results 

In our study 192 patients (22.8 %) had peptic ulcers, while 356 (42.3 %) had 
H. pylori present in their gastric biopsy specimens. The results of applying the 
three strategies are shown in Tables 1 and 2. As the NSAID consumption data 
were incomplete, strategy III has been assessed in two ways. The first analysis is on 
all the patients in the dataset: those patients whose NSAID consumption was not 
recorded are treated as nonconsumers. The second analysis is on the subset of 696 
patients in whom NSAID usage was fully documented. 

Discussion 

An implementation of the first strategy certainly would succeed in reducing the 
number of endoscopies performed, but at the cost of failing to diagnose a 
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Table 1. Consequences of implementing the three strategies at different cut-off ages: percentage 
reduction in total number of endoscopies performed. NSAID data were incomplete so two sets of 
figures are given for strategy III: (a) analysis on all patients and (b) analysis only for patients with 
NSAID data available 

Endoscopies saved 

Cut-off age Strategy I Strategy II Strategy III 
(a) (b) 

30 22.4 13.3 12.5/12.1 
40 40.5 21.9 20.2/19.7 
50 60.5 29.0 26.2/26.3 

Table 2. Consequences of implementing the three strategies at different cut-off ages: percentage 
of all peptic ulcers missed. NSAID data were incomplete so two sets of figures are given for 
strategy III: (a) analysis on all patients and (b) analysis only on patients with NSAID data 
available 

Peptic ulcers missed 

Cut-off age Strategy I Strategy II Strategy III 
(a) (b) 

30 13.5 2.1 1.6/2.0 
40 28.1 3.1 2.6/2.0 
50 51.6 6.8 4.7/4.0 

substantial number of patients with peptic ulcer disease. While it could be argued 
that these patients' symptoms would reliably respond to empirical H 2 antagonists 
it does seem desirable to have a positive diagnosis to aid in the management of a 
condition characterised by a relapsing course extending over decades. It is also 
unclear as to what would happen to those young patients whose symptoms did not 
respond to H2 antagonists. They would be more likely to have nonulcer dyspepsia 
than ulcer disease, and this may lead to a paradoxical situation in which 
endoscopy in the young is performed most often in those least likely to have 
organic pathology. 

An implementation of the second strategy would not save as many endoscopies 
as the first, but a saving of21.9 % (at a cut-off age of 40 years) would still be worth 
having, and would free stretched resources significantly. This strategy succeeded 
very well in not missing peptic ulcer patients: at a cut-off age of 40 years the 
negative predictive value for ulcer disease was 96.7 %, certainly good enough to 
base mangement plans upon. 

The third strategy offered further improvement on these figures, but perhaps 
not as much as was hoped. This is because although approximately one-half of all 
H. pylori-negative peptic ulcer patients were NSAID users, they were mostly 
elderly and would have been endoscoped anyway because of their age. H. pylori 
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ulcers in the young were rare to begin with, and few of these were secondary to 
NSAIDs. However, although this strategy was not much better than the second in 
detecting peptic ulcers, equally it was not much worse at saving endoscopies, and is 
thus probably preferable. Indeed, the negative predictive value for ulcer disease at 
a cut-off age of 40 years was 97.8 %. 

Comparison with Symptom Screening Strategies 

An alternative approach to screening patients for endoscopy is based upon the 
differences in symptomatology between patients with ulcer disease and nonulcer 
dyspepsia. Several symptom scoring systems have been derived, varying widely in 
their complexity [1,3,4]. How does an approach based on ulcer aetiology 
(H. pylori and NSAIDs) compare with these descriptive systems, based on the 
clinical manifestations of disease? A comparison between strategy III and two 
published symptom-scoring systems is shown in Table 3. The serology-based 
strategy gives considerably superior results to that of Davenport et al. [1] and also 
to the system of Mann et al. [4] as reanalysed by Davenport et al. [1]. Holdstock et 
al. [3] reported a system giving only slightly inferior results to ours. However, this 
study was performed on a more affluent southern UK population with a lower 
incidence of peptic ulcer disease in young persons (and presumably also of 
H. pylori infection) and indeed was heavily weighted towards not investigating the 
young. This is why the predecessor of this strategy [4] fared so much worse when 
transplanted to the poorer North by Davenport et al. [1]: only 9.7 % of Mann's 
patients under 50 years of age had ulcers, compared with 21.6 % of Davenport's 
patients and 19.5% of our own patients in this age group. Our serology-based 
strategy would actually perform better if applied in a region with a low incidence 
of H. pylori infection and peptic ulcer disease in the young. 

We conclude that screening strategies based on H. pylori derology may be able 
to play a major role in reducing endoscopy workload, and are superior to 
screening strategies based on symptomatology. The problems of implementing 
such strategies are discussed elsewhere in this volume. 

Table 3. Comparison between serology-based screening strategy and three symptom-based 
screening strategies 

Serological screening vs symptom-based screening 

Strategy Endoscopies saved Ulcers missed 

Strategy III (b) 19.7% 2.0% 
H. pylorijNSAID 
(cut-off age, 40 years) 

Davenport et al. 1985 28.9% 12.5% 

Mann according to 33.2% 14.1 % 
Davenport et al. 1985 

Holdstock et al. 1986 22.8% 4.1% 
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Serum Antibodies to the Vacuolating Toxin Produced 
by Helicohacter pylori 
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M. G. CUSI, R. A. MUSMANNO, M. RUSSI, and S. QUARANTA 

Introduction 

Cytotoxin is one of the candidate factors of virulence of Helicobacter pylori (HP) 
[1]. Toxigenicity occurs frequently in strains isolated from patients with peptic 
ulceration [2], and there is serological evidence that cytotoxin production also 
occurs in vivo. In fact, in immunoblotting tests we saw that all the 31 individuals 
infected by cytotoxic (CT+) HP strains tested and 14 of20 patients (70%) infected 
by noncytotoxic (CT-) organisms had serum immunoglobulin G (IgG) which 
recognized HP cytotoxin-associated proteins (CAP). IgA to CAP were hardly 
detected, mostly in patients infected by CT+ strains, while IgM were not detected 
at all (N. Figura et al., in preparation). 

However, although the difference in the detection frequencies of anti-CAP in 
the two groups of patients was significant (P < 0.01, chi-squared test, 1 df), the 
immunoblotting technique could not differentiate, in certain cases, between an 
ongoing and a previous CT+ HP infection. In fact, some patients, considered not 
infected on the basis of culture, microscopic examination, and rapid urease test of 
gastric mucosa specimens, also had anti-CAP serum IgG, suggesting that these 
antibodies were still detectable after bacteriological healing of the infection. In 
addition, the method was not sensitive enough to clearly detect anti-DAP IgA. 

Thus we used the enzyme-linked immunosorbent assay (ELISA), which is more 
quantitative than immunoblotting, to see whether there were differences in the 
levels ofIgG and IgA to HP cytotoxin in serum of patients infected by CT+ and 
CT- HP strains, and to see whether it was possible to individualize, with a 
noninvasive method, subjects infected by CT + organisms. 

Materials and Methods 

To compare levels of anticytotoxin antibodies 36 serum samples - 21 from patients 
with CT+ HP strains and 15 from patients with CT- organisms - were tested. 
Specificity and reliability of the ELISA test procedure were assayed with 23 serum 
samples, eight from patients with CT+, eight from patients with CT- HP strains, 
and seven from subjects not infected by H. pylori. 
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One cytotoxic and one noncytotoxic HP strain were grown in brucella broth 
with 10% fetal calf serum (FCS) at 37 DC, in a micro aerobic environment, at 150 
oscillations per min, for 48 h. Broth cultures were then centrifuged and filtered 
through 0.22 flm-filters. 

Microtiter plates were left to sensitize with filtrates and uninoculated broth 
diluted 1:2 in carbonate buffer pH 9.6 at 4 DC o.n. (200 fll of antigen per well). 
Wells were then washed three times with 0.1 M phosphate-buffered saline (PBS; 
pH 7.2), and 150 fll of serum diluted in PBS was added to each well. Sera were 
assayed at 1 : 40 and 1 : 160 dilutions. In tests carried out to determine specificity of 
ELISA, sera were diluted 1: 100. Plates were incubated at 37 DC for 90 min. After 
three washes with PBS-0.5% Tween 20, 150 fll of conjugate (alkaline 
phosphatase-conjugated (APC) anti-human IgG antibody developed in rabbit, 
and peroxidase-conjugated (PC) anti-human IgA antibody developed in goat), 
diluted at the dilutions suggested by the suppliers (Behringwerke, and Sigma 
Chemical, respectively) were added to each well. After incubation at 37 DC for 
90 min, the plates were washed three times with PBS-0.5 % Tween 20 and 100 fll of 
substrate were added to each well (p-nitrophenyl phosphate, and 0-

phenylenediamine· 2 HCI, respectively, for APC and PC). The reaction was 
stopped after 30 min with 50 fll 1 N sulfuric acid per well for IgA determination, 
and after 45 min with 50 fll 2 N sodium hydroxide per well for IgG determination. 
Absorbance was read at 492 nm for JgG determination and at 405 nm for IgA 
determination on a Titertek Uniskan reader (Flow Laboratories), and results were 
reported as optical density ± SD x 1000. All tests were performed in duplicate. 
The precision of the ELISA test procedure was determined as differences of intra
and interassay readings obtained with all 23 serum samples on wells sensitized 
with CT+ filtrate. 

Results and Discussion 

Mean serum IgG and IgA levels to uninoculated broth were similar or not 
significantly different in the three groups of patients (Table 1). Levels ofIgA to the 
CT - filtrate were similar in the three groups, and levels ofIgG in infected patients 

Table 1. Mean serum IgG and IgA levels to cytotoxic and noncytotoxic filtrates and to 
uninoculated broth 

Antigen Antibody Patients infected by H. pylori Noninfected 
class patients 

Cytotoxic Noncytotoxic 

Uninoculated IgG 143 ± 102 123 ± 103 83±50 
broth IgA 90±53 96±89 91 ±91 

Noncytotoxic IgG 214± 142 141 ± 63 97±48 
broth culture IgA 127±64 150±60 178±154 

filtrate 

Cytotoxic IgG 387±227 357±249 105±68 
broth culture IgA 614±359 393 ± 145 155±61 
filtrate 
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Table 2. Mean IgG and IgA levels to cytotoxic filtrate in sera of patients infected by CT+ and 
CT - organisms 

Serum diluted 1:40 

IgG 
IgA 

a p = 0.0019 

166± 111 
327 ± 179 a 

b P = 0.0003 (Student's t test) 

cr 
154± 133 
142±145 a 

Serum diluted 1 : 160 

CT+ 

115±77 
175±116 b 

cr 
96±81 
47±60 b 

were not significantly different. IgG levels to CT+ filtrate were similar in HP
infected patients, while IgA levels in serum samples of subjects infected by CT + 
HP strains were significantly higher (Table 2). 

The intraassay variations of the ELISA tests were 9.0% for IgG and 0.8 % for 
IgA. The inter assay variations were 34.4 % for IgG and 13.5 % for IgA. 

Results referring to the significant difference between IgA levels to cytotoxic 
filtrate in CT+ and CT- HP-infected patients were confirmed by further tests in 
which a higher number of sera were assayed: 21 were collected from patients 
infected by CT+ HP strains and 15 from patients infected by CT- organisms. In 
these tests, wells sensitized with the filtrate of a noncytotoxic strain were used as 
"blanks" in order to avoid the interference exerted by the antigens present in the 
CT- filtrate. Patients infected by CT+ HP strains showed serum IgA to the toxic 
filtrate at levels significantly higher than subjects infected by CT- organisms 
(Table 2). The IgG levels were similar in the two groups of patients, while IgM, 
looked for in eight serum samples of patients infected by CT+ organisms, were not 
detectable at all. 

These results confirm in part those obtained with the immunoblotting 
technique. In particular, both techniques (immunoblotting and ELISA) indicated 
that the toxin was also produced in vivo since the infected patients had antibodies 
to it. The anticytotoxin IgA measurement, together with the determination of 
antibodies to HP cellular antigens, can contribute to a better definition of the 
immune status of the patients. In addition, the anti-CAP IgA measurement may 
be helpful in the diagnosis of HP-associated ulcer. In fact, the IgA levels to the 
toxic filtrate in our patients with peptic ulcer were significantly higher than in 
patients without ulcer (201 ± 176 vs 84 ± 95, P = 0.014, with 1: 160 serum 
dilution), indicating that toxigenicity may be relevant to the pathogenesis of the 
mucosal alterations caused by H. pylori. 
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Local Immune Responses to Helicobacter pylori 
Infections 

A. R. STACEY, P. R. HAWTIN, and D. G. NEWELL 

It is widely accepted that the majority of people with H. pylori infections amount a 
large circulating antibody response against that organism [1]. This response has 
proved to be so predictable that it forms the basis of serodiagnostic tests such as 
ELISA [2, 3]. The sensitivity and specificity of such tests depends largely on the 
antigen preparations used, although ELISAs using a variety of crude and more 
purified antigens are reported to be greater than 90 % sensitive and specific for 
detecting H. pylori infection [4, 5]. 

Immunogold labelling techniques clearly demonstrate that the antibodies of 
this circulating immune response are directed against the surface of the organism 
including the body, the flagella and the loosely bound material. These antibodies 
are mainly of the IgG class although specific IgA may also be raised but rarely 
IgM. The IgG1 subclass predominates with some IgG2 and IgG4 but no IgG3 [6]. 

Despite this antibody response the organism continues to colonise the gastric 
epithelium and will persist unless eliminated by treatment. Hence, the circulating 
antibody response appears to be unable to eradicate the infection. Moreover, it is 
unable to prevent recrudescence following temporary clearance of the organism 
[7]. 

The persistence of this infection forces us to address the question why is this 
immune response apparently ineffective? 

It is of course possible that the circulating immune response does not reflect 
responses at the site of infection. We must therefore establish whether the gastric 
mucosa is an immunocompetent surface capable of mounting a local immune 
response. 

Immunohistological techniques demonstrate the presence of immunoglobulin 
secreting B cells within the gastric mucosa of H. pylori colonised patients. 
Moreover, specific anti-H. pylori antibodies are present in gastric juice [8] and in 
tissue culture supernatants of gastric mucosal [9] and duodenal [10] biopsy 
specimens taken from H. pylori-positive patients. The majority of these locally 
produced antibodies, unlike the circulating antibodies, are of the IgA class. Some 
IgG antibodies mainly of the IgG 1 subclass are also present. Small amounts of 
specific IgG2 and IgG4 antibodies can also be detected (Fig. 1). Such antibody 
classes provide appropriate responses for effective elimination of bacterial 
infections at mucosal surfaces. In particular the production ofIgA class antibodies 
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Fig. 1. The distribution of 
antibody class in systemic 
and locally produced anti-

. H. pylori antibodies. (Note 
the major class of antibody 
present in the serum is IgG 
whereas, in the locally pro
duced antibodies it is IgA) 
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prevent the adherence of the organism to the gastric epithelium. Equally IgGl 
antibodies may be involved in the activation and fixation of complement. 

At the cellular level immunohistological studies of gastric mucosal biopsy 
specimens also demonstrate the presence of increased numbers ofT cells, of both 
the CD 4 positive and CD 8 positive subsets and also antigen presenting cells in 
areas of H. pylori-associated gastritis [11]. 

This evidence indicates that the gastric mucosa is an immunocompetent surface 
and that H. pylori colonised patients mount a specific mucosal immune response 
against the organism which is, nevertheless, ineffective in clearing the organism. 

Several reasons for this ineffectiveness can be postulated. These fall into two 
main categories (Table 1) related either to the ability of the organism to avoid the 
host immune response or to the hosts' ability to respond to relevant antigens. 

Table 1. Potential reasons for the apparent ineffectiveness of the immune response 

Bacterial factors 
Antigenic drift 
Loss of antigen antibody complexes 
Nonspecific absorption of Ig 
Nonspecific activation of host 

Host factors 
No response to relevant antigens 
Incorrect response to antigens 
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Little is known about the immunocompetence of the gastric mucosa during 
chronic bacterial infections. Investigating the role of the local immune response in 
H. pylori-associated gastritis presents the investigator with several problems. 
First, the quantity of material available is a limiting factor; namely the size and 
number of the biopsy specimens obtainable. Second, the techniques currently used 
impose limitations. For example, immunohistological techniques using mono
clonal antibodies have enabled identification of the infiltrating cell types and study 
of their patterns of distribution. However, techniques such as this do not allow the 
antigenic specificity of these infiltrating cells to be established. Such information 
requires the isolation and expansion of the T and B cell populations from gastric 
mucosal biopsy material or mucosally associated lymphoid tissue by cellular 
cloning techniques. We have used the technique of EBV transformation to 
immortalise B cells isolated from lymph nodes draining the stomach taken at 
vagotomy. 

The antigenic specificity of these antibodies produced by the host has been 
studied by ELISA using FPLC fractionated H. pylori whole cell sonicates [12] as 
antigen (Fig. 2). Using this method of preparation antigens are obtained in their 
native three-dimensional state. The cloned and immortalised cells produced 
antibodies which were found to share some of the antigenic specificity seen in 
systemic and locally-produced antibodies from gastric mucosal biopsy material. 
These antibodies are probably directed against the flagella. Antibodies produced 
by the nontransformed lymph-node cells fully reflect the patterns of antigenic 
specificity seen with the systemic antibodies [9]. 
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Fig. 2. The antigenic specificity of systemic and locally produced antibodies as determined using 
FPLC fractionated H. pylori sonicates as antigen. The systemic antibodies ., and antibodies 
from the gastric biopsy specimens I2l and nontransformed lymph-node cells E3 reacted with all the 
FPLC antigens including the urease (fractions 14/15) and the putative flagella (fractions 17/18) 
whereas, antibodies produced by the transformed lymph-node cells ~ reacted solely with the 
putative flagella 
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The host therefore clearly mounts a local antibody response against H. pylori. 
The presence of infiltrating CD 4 positive and CD 8 positive T cells within the 
lamina propria indicates that there is also a large cellular immune response 
occurring. Antigen is evidently presented to antigen specific CD 4 positive T 
helper cells by antigen presenting cells including infiltrating monocytes or possibly 
directly by the gastric epithelial cells. T cell help derived from the CD4 positive 
T cells would then lead to B cell differentiation and ultimately antibody synthesis 
and secretion. The release of T cell growth factors from the CD 4 positive T cells 
would lead to increased T and B cell infiltration and increased antibody secretion. 
Cellular infiltration and proliferation such as this would require considerable 
immunoregulation. This would involve the stimulation and proliferation of the 
other T cell subset, the CD 8 positive cytotoxic cells. H. pylori-associated gastritis 
may, therefore, be an immunopathological disease subsequent to the regulation of 
the local immune response. 

In conclusion colonisation of the gastric mucosa by H. pylori continues despite 
an immunologically hostile microenvironment. It would, therefore, appear that 
the persistence of the infection is largely dependent upon the mechanisms by which 
H. pylori evades the host immune response. 

Since H. pylori is the only organism to commonly colonise the human gastric 
epithelium we can assume that the immunocompetent cells present during 
H. pylori associated gastritis are there as a result of that infection. This provides us 
with a unique opportunity to investigate the mechanisms by which gastric mucosal 
immune responses during chronic bacterial infections are initiated and controlled. 

References 

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

2. Newell DG, Johnston BJ, Ali MH, Reed PI (1988) An enzyme-linked immunosorbent assay 
for the serodiagnosis of Campylobacter pylori-associated gastritis. Scand J Gastroenterol23 
[SuppI142]:53-57 

3. Jones DM, Eldridge J, Fox AJ, Sethi P, Whorwell PJ (1986) Antibody to the gastric 
campylobacter like organism ("Campylobacter pyloridis") - clinical correlations and 
distribution in the normal population. J Med MicrobioI22:57-62 

4. Newell DG, Stacey AR (1989) Antigens for the serodiagnosis of Campylobacter pylori 
infections. Gastroenterol Clin Bioi 13:37B-41B 

5. Goodwin CS, Blincow E, Peterson G, Saunderson C, Cheng W, Marshall B, Warren JR, 
McCullouch R (1987) Enzyme linked immunosorbent assay for Campylobacter pyloridis: 
correlation with the presence of C. pyloridis in the gastric mucosa. J Infect Dis 155: 388-494 

6. Steer HW, Hawtin PR, Newell DG (1987) An ELISA technique for the serodiagnosis of 
Campylobacter pyloridis infection in patients with gastritis and benign duodenal ulceration. 
Serodiagn Immunother 1 :253-259 

7. Langenberg W, Rauws EAJ, Widjokusumo A, Tygat GNJ, Zanen HC (1986) Identification 
ofCampylobacter pylori isolates by restriction endonuclease DNA analysis. J Clin Microbiol 
24:414-417 

8. Rathbone BJ, Wyatt n, Worsley BW, Shires SE, Trejdosiewicz LK, Heatley RV, Losowsky 
MS (1986) Systemic and local antibody responses to Campylobacter pyloridis in non-ulcer 
dyspepsia. Gut 27:642-647 

9. Newell DG, Stacey AR (1989) The isotype and specificity of local and systemic anti
Campylobacter pylori antibodies. Proceedings of the second international symposium on 
Campylobacter pylori. Bad Nauheim, Springer, Berlin Heidelberg New York (in press) 



166 A. R. Stacey et al. 

10. Crabtree JE, Rathbone BJ, Shallcross T, Wyatt JL, Heatley RV (1989) Local humoral 
responses to Campylobacter pylori in patients with duodenitis. Poster presentation, 2nd 
Meeting of the European Campylobacter pylori Study Group, Ulm 

11. Engstrand L, Schneyus A, Phalson C, Grimelius L, Schawn A, Gustavasson S (1989) 
Association of Campylobacter pylori with induced expression of class II transplantation 
antigens on gastric epithelial cells. Infect Immun 57: 827 -832 

12. Stacey AR, Newell DG (1989) The development of antigens for improved serodiagnostic tests 
of Campylobacter pylori-associated gastritis. In: Megraud F, Lamouliatte H (eds) Proceed
ings of the workshop of gastroduodenal pathology and Campylobacter pylori, Bordeaux. 
Elsevier, Amsterdam, p 193 



Molecular Cloning of Immunodominant Antigen 
Epitopes of Helicohacter pylori for Development 
of a Specific ELISA to Diagnose H. pylori Infection * 
C. L. CLAYTON, H. KLEANTHOUS, J. HERRMANN, E. JACOBS, M. KIST, 
and S. TABAQCHALI 

Helieobaeter (Campylobaeter) pylori has been implicated in the etiology of 
gastritis and peptic ulcer disease. H. pylori infection is normally diagnosed by 
microscopy and culture of biopsy samples. However, this is not only invasive but is 
time consuming and expensive. Various noninvasive serological techniques have 
been developed for diagnosing infection and ELISA is the most commonly used 
test. ELISAs that are based on H. pylori whole cells, sonicates or crude extracts 
have levels of sensitivity and specificity of70%-90% [4]. A slight improvement 
has generally been reported by using acid cell extracts [7]. However, all these 
preparations contain antigens that cross-react with other bacterial species and 
cause false-positive reactions [5]. Adjusting the cut-off value only increases the 
number of false negatives. Second-generation ELISA systems have been devel
oped which are based on high molecular weight conserved H. pylori specific 
purified antigens [4, 5]. They have high sensitivity and specificity and contain 
urease as the major antigenic component. High molecular weight fractionated 
antigens of H. pylori have also been isolated from SDS-PAGE gels [6] and these 
preparations may also be used for a H. pylori specific ELISA system. Molecular 
cloning of H. pylori immunodominant polypeptides can provide a useful, quick, 
high yield of H. pylori antigens that can be standardised and used for a specific 
diagnostic ELISA. We have previously reported the cloning of genes encoding 66 
and 31 kDa immunodominant polypeptides of H. pylori in E. coli [3]. These 
antigens were demonstrated to be conserved, H. pylori-specific subunits of the 
H. pylori urease enzyme [2]. 

Immunoblot studies with human sera from patients infected with H. pylori 
have shown that the majority of them have antibodies to the 66 and 31 kDa urease 
polypeptides [8]. Another H. pylori immunodominant polypeptide is a 120 kDa 
surface exposed antigen that has been found to be reactive with over 80 % of 
H. pylori antibody positive sera [1]. We therefore set out to try and clone the 
120 kDa polypeptide gene in E. coli. 
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Methods 

The 120 kDa membrane protein was purified from H. pylori by preparative SDS
PAGE and e1ectroe1ution. A gene bank of H. pylori DNA in E. coli was 
constructed by cloning EcoRl cleaved DNA fragments (0-7 kb) into the 
bacteriophage Agt 11 expression vector. The DNA is inserted within the beta
galactosidase gene and is expressed as a fusion protein with beta-galactosidase 
(mol. wt. 114 kDa). The bacteriophage library was plated on E. coli Y 1090 and 
Lac Z directed gene expression was induced by the addition of IPTG. Rabbit 
antisera was raised to the purified 120 kDa antigen, adsorbed with E. coli Y 1090 
cells and used to screen the Agt 11 library for antigen recombinants by in situ 
ELISA of plaques replicated onto nitrocellulose filtres. 

Results 

The 120 kDa protein of H. pylori was demonstrated to be immunodominant by 
immunoblot analysis of H. pylori total proteins with both H. pylori whole-cell 
rabbit antisera and seropositive human sera (Fig. 1). Two positive antigen
producing recombinants (120},1, 120},2) were detected on screening the gene 
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Fig.2A-C. Immunoblots of proteins of: A Positive phage recombinant 120Allysate (lane 1) , 
negative control 120A-lysate (lane 2), recombinant lysogens 120}.L 5 (lanes 3,4), 120AL 13 (lane 5), 
120AL5 with no IPTG (lane 6), 120AL48 (lane 7), and beta-galactosidase (lane 8) reacted with 
adsorbed 120 kDa antiserum I. Arrow indicates position of fusion proteins. B recombinant 
lysogens 120AL48 (lane 1), 120AL5 (lane 2), beta-galactosidase (lane 3), and H. pylori CP 246 
total protein (lane 4) reacted with absorbed 120 kDa antiserum II. C H. pylori CP49, CP 178 total 
protein (lanes 1,2) reacted with adsorbed antiserum developed against 120Al positive recombi
nant lysate. Arrow indicates position of 120 kDa antigen 

library and were then purified. The recombinant phage 120il2 was found to 
encode an IPTG inducible B-galactosidase fusion protein of approximate mol. wt. 
of 130 kDa. Recombinant lysogens were prepared by lysogenising E. coli Y 1089 
with the recombinant phage. The lysogen derived from 120il1 (120},LS) was also 
found to be induced by IPTG and had a slightly higher molecular weight of 
approximately 140 kDa. Immunoblot analysis showed that the phage recombi
nant and the derived lysogens produced fusion proteins which reacted with the 
adsorbed 120 kDa specific antiserum (Fig. 2). This reaction was due to the 
presence of a H. pylori antigen epitope in the fusion protein as there was no 
reaction with beta-galactosidase alone (Fig. 2). Antisera raised to the lysate of the 
positive recombinant phage 120il1 was found to react with the recombinant 
lysogen fusion protein (120ilLS) and with the 120 kDa polypeptide of H. pylori 
strains (Fig. 2B, C) suggesting that the cloned epitope was part of the 120 kDa 
polypeptide of H. pylori. 

DNA was extracted from the recombinant phage 120},1 but the insert size 
could not be determined as the phage DNA would not digest with EcoRI. 
Digestion of 120il1 DNA with the enzymes KpnI and SstI whose sites flank the 
EcoRI cloning site suggested that the recombinant phage contained 0.3 kb of 
H. pylori DNA as part of a 2.4 kb Kpn I-Sst I fragment. Southern hybridisation 
confirmed that 120il1 contained H. pylori DNA sequences and that they were 
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Fig.3A-C. Southern hybridisation of total DNA Hae III digests of H. pylori strains CP290 
(landesl,6,1O), CP195 (lanes2,5,9), CP178 (lanes3,7,l2), CP126 (/anes4,13), CP150 
(lane 11), and CP 296 (lane 13) with 32p labelled. A The 2.4 kb Kpn 1-Sst 1 fragment of positive 
recombinant 120Al. B Total DNA of control Agtgapll. C Total DNA of positive recombinant 
phage 120Al 

located on the 2.4 kb Kpnl-Sstl fragment (Fig. 3). The DNA insert was found not 
to be homologous with the digested total DNA of Campylobaeter jejuni and 
Campylobaeter eoli. The 2.4 kb Kpn l-Sst 1 probe hybridised to a number of 
H. pylori HaeIII DNA fragments of between 1.8 to 8.5 kb (Fig. 3). The probe 
detected homologous sequences in 7/9 (78 %) of H. pylori strains. 
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Discussion 

The 120 kDa antigen was found to be a major immunodominant polypeptide of 
H. pylori. This antigen is probably the same as the 110 and 128 kDa polypeptides 
that have been reported to be highly immunogenic components of H. pylori [6, 9]. 
H. pylori specific epitopes of the 120 kDa antigen were expressed as Lac promoter 
dependent beta-galactosidase fusion proteins. The DNA encoding this epitope 
will be used as a radio labelled probe to screen plasmid or cosmid H. pylori gene 
libraries in order to try and clone the entire 120 kDa gene. The epitope DNA 
sequence was found to be absent from some H. pylori strains. These strains could 
represent the H. pylori isolates that have been found not to express this antigen [1] 
or the DNA encoding for the cloned epitope may represent a divergent region of 
the 120 kDa gene. The majority of sera from infected patients have been found to 
react with 66 and 31 kDa [7] and 63 and 28 kDa polypeptides [9] which probably 
represent the cloned urease antigens. However, it has been reported that 
circulating anti-urease antibodies detected by FPLC purified urease ELISA are 
not produced by all infected patients [8] and it seems a more complex antigenic 
preparation will be necessary to detect all patients infected with H. pylori. A 
combination of the cloned 120 kDa antigen and the cloned urease polypeptides 
should give a more standardised specific ELISA for diagnosing H. pylori 
infection. 
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manuscript. 
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The Effect of Treatment on Circulating 
Anti-Helicohacter pylori Antibodies - a Two-Year 
Follow-Up Study 

D. G. NEWELL, G. D. BELL, J. WElL, P. JONES, P. GRANT, and G. HARRISON 

The majority of patients colonised with Helicobacter pylori elicit a detectable, 
systemic antibody response against this organism. The isotypes involved in this 
response are consistent with a chronic bacterial infection of a mucosal surface, 
with IgG and IgA predominating and IgM rarely seen [5]. This response forms the 
basis of a noninvasive, ELISA diagnostic test for H. pylori infection [4], which is 
suitable for screening patients prior to endoscopy [3]. However, the value of this 
test for monitoring treatment is questionable [2] because chronic bacterial 
infections tend to induce predominantly long-lived antibody responses. Neverthe
less, serology is the only rapid, cheap, noninvasive and readily accessible 
diagnostic test available. We have, therefore, attempted to quantitatively assess 
the persistence of circulating anti-H. pylori antibodies after eradication of the 
organism, as determined using the 14C-urea breath test. 

Materials and Methods 

To date 101 patients have been investigated as part of ongoing treatment studies. 
All patients were diagnosed as being colonised with H. pylori on the basis of 
culture, rapid urease tests and/or histology of endoscopic biopsy specimens. All 
patients were given an antimicrobial treatment regimen. 

14C-Urea breath tests [1] were performed before treatment, at the end of 
treatment, and 1, 3, 6, 12, and 24 months post-treatment, to monitor H. pylori 
status. The threshold of positivity for the breath test was taken as an area under 
the curve of less than 40. Those patients in whom the 14C breath test was still 
positive at 1 month post-treatment were retreated. 

Antibody levels were determined before treatment (n = 42), at the end of 
treatment (n = 19) and at 1 month (n = 30), 3 months (n = 8), 6 months (n = 21), 
12 months (n = 19) and 24 months (n = 9) post-treatment. The serology was 
performed using a ELISA technique as described by Newell et al. [4], with acid 
extractable antigenic material, excepting that the serum dilution was 1 :200. IgG 
and IgA were detected by direct ELISA with class-specific antibody peroxidase 
conjugates. IgG subclasses were determined by indirect ELISA with mouse 
monoclonal subclass-specific antibodies. Bound mouse IgG was then detected 
with anti-mouse IgG antibody peroxidase conjugate [5]. Antibody concentrations 
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were determined using a standard curve of immunoglobulin mass bound against 
optical density for each of the detection systems used. _ 

Using this assay system for IgG antibodies, and a threshold of 10 ~g/ml, on 45 
unrelated patients of accurately defined H. pylori status (24 positive and 23 
negative) as detected by culture, histology, rapid urease test and 14C breath test 
the sensitivity and specificity of the test for detecting H. pylori infection was 95 % 
and 100% respectively. 

Results 

When the specific IgG levels of all patients were analyzed on the basis of treatment 
period there were no significant decreases in IgG antibody levels either during 
treatment or in those patients who were unsuccessfully treated (Fig. 1). However, 
the specific antibody levels in patients successfully treated fell progressively 
throughout the period of study. The observed differences were statistically 
significant, from the pretreatment levels, at 1, 3, 6, 12 and 24 months post
eradication (P > 0.05, P> 0.05, P > 0.001, P > 0.001, and P > 0.001 respectively). 
Additionally, there was a progressive fall in specific IgA levels, starting by the end 
of treatment and continuing throughout the period studied except for the 6-month 
group (Fig. 2). This anomaly was due to two patients who were breath test 
negative but were inexplicably still IgA antibody positive, although their IgG was 
low. Interestingly, unsuccessfully treated patients, who were still breath test 
positive at 1 month, nevertheless showed a relative fall in specific IgA. 

The IgG class and subclass antibody response to successful treatment has been 
followed in some of the patients during the early stages of eradication. About 70 % 
of these patients showed a fall in specific IgG by 1 month and 90 % by 3 months 
but 10% did not demonstrate any falling antibody levels even 3 months post
eradication. In these patients the specific IgG 1 response largely mirrored the total 
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IgG response with the majority of patients showing a fall by 1 month but a few 
remaining unchanged at 3 months. Most of these patients showed a more rapid fall 
in specific IgG 2. Moreover those patients in whom the IgG 1 remained unchanged 
at 3 months showed a fall in IgG2 by 1 month. IgG4 antibodies also fell 
significantly in these patients, notably in several cases by the end of treatment. 

Conclusions 

During successful treatment there is a steady fall in antibodies. Conversely, 
patients who are unsuccessfully treated show little or no fall in IgG antibodies. 
This fall occurs in both IgG and IgA class antibodies. IgG subclass antibodies 
were analyzed because they may respond more rapidly to clearance of infection. 
The fall in IgG is significant by 1 month post-treatment though IgA, IgG2 and 
IgG4 may fall a little sooner. IgGl is the most prevalent of the circulating 
antibody responses and predominates in the local IgG response so it is not 
surprising that it reflects the total IgG response. An IgG2 response is a frequent 
occurrence in chronic bacterial infections at mucosal surfaces but IgG2, like IgG4 
is a relatively short-lived antibody, and both responses though small appear to be 
more predictable of the current infection than total IgG. IgG3 antibodies are 
rarely raised in H . pylori infections [5]. 

IgA is also a potentially interesting antibody for monitoring current infection as 
it is the predominant response at the gastric mucosal surface. However, not all 
patients produce a detectable IgA circulating response. Nevertheless, the signifi-
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cant fall in IgA following treatment, albeit unsuccessful, suggests that the IgA 
antibody level generally reflects the reduced antigenic load. 

It would appear from these preliminary studies that serology is useful in 
determining the long-term effectiveness of treatment. A word of caution, however: 
even by 24 months post-eradication, as determined by the 14C-urea breath test, 
some patients continued to have a high antibody level, significantly above the 
1 0 ~g/ml threshold we would usually apply to antibody seronegative patients. It 
has yet to be established if this is a reflection of a low-level persistent infection. 
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Local and Systemic Immune Response - a Comment 

B. RATHBONE 

Soon after the original isolation of H. pylori it became obvious that there was a 
systemic immune response in colonized subjects. Since that time groups world 
wide have been involved in studying these responses and the workshop on "Local 
and Systemic Immune Responses" held at the second meeting of the European 
Helicobacter pylori Study Group enabled different aspects of the immune response 
to H. pylori to be discussed, the contributions above representing some of the 
topics discussed. 

Humoral responses to H. pylori as with many other microbial infections can be 
diagnosed by a number of different techniques. Although the protein profiles of 
different H. pylori strains appear similar, the antigen specificity of the systemic 
humoral response shows considerable variation between different subjects. As a 
result of this no single protein antigen is suitable for optimally identifying the 
humoral response. Different workers have employed diverse antigen preparations 
in ELISA assays and, although the ELISA technique is widely used and very 
flexible, there is no universal method for presenting results or defining the 
positive/negative cut-off, which makes comparisons between different studies 
difficult. Direct comparisons of different antigens are discussed (see p. 141) and 
these studies demonstrate that the sensitivity and specificity of two commonly 
used antigen preparations can be improved by the addition of the 120-kda protein. 
Such antigen preparations have a very good predictive value in diagnosing 
H. pylori colonization, but in the future a commercially available combination of 
cloned antigens should provide a more easily standardized specific antigen (see 
p. 167). 

With certain exceptions (such as recent bismuth or antibiotic therapy), current 
serological assays are excellent at diagnosing H. pylori colonization. As serology is 
cheap and non-invesive, the technique certainly lends itself to epidemiological 
studies, but does it have a role in everyday clinical practice? This complex issue is 
discussed in detail, with an assessment of how different screening strategies might 
work (see p. 147). In terms of screening dyspeptic patients it is important to clearly 
define the conditions you wish to diagnose and treat. A knowledge of their 
prevalence in the local population and their exact association with H. pylori is also 
required. With these details suitable strategies can be devised and then evaluated. 
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Theoretically more straight forward than screening is the use of serology 
in treatment follow up (see pp. 172). The data available certainly demonstrate 
significant decreases in antibody titres in the months following H. pylori 
eradication. However, for serology to be clinically useful in individual patients 
post treatment, the sensitivity, specificity and predictive value of any decrease in 
terms of clearance needs to be known. These data are not currently available for 
any serological assay. 

H. pylori is unique in the human gut in that it colonises a niche long term, in 
association with an acute and chronic inflammatory response in isolation from 
other bacteria. The available evidence strongly supports H. pylori as being the 
cause of chronic gastritis. The immunological studies on the local response (see 
p.137, 162) demonstrate a specific local humoral response to H.pylori and marked 
changes in T-cell populations. This raises the question: Why is the immune 
response ineffective in clearing colonization? A number of host or bacterial factors 
may be important in this and further study is clearly important. The continuing 
local immune response in association with colonization is also a potentially 
damaging factor and must be considered as a possible pathogenic mechanism. 

Study of the immune responses to H. pylori has relevance to the diagnosis, 
follow up and pathogenesis of H. pylori-associated conditions. The infection also 
provides a unibacterial model of epithelial colonization in association with a 
specific long-term immune response. Detailed study of this model may provide 
important knowledge concerning bacterial pathogenicity and host mucosal 
defences. 



Morphological Aspects of Gastritis 



Helicobacter pylori Induced Gastritis in Childhood * 
S.J. CZINN 

Introduction 

In 1984, Marshall and Warren [10] reported the presence of spiral organisms in the 
gastric mucosa of adults with gastritis. Since then, this organism has been isolated 
and characterized as Helicobacter pylori (H. pylon). A number of investigators 
have reported an association between H. pylori and gastritis or gastric and 
duodenal ulcers in adults [6, 7, 13]. With the advent of small flexible fiber-optic 
endoscopes, several pediatric studies have investigated the relationship of 
H. pylori infection and gastritis [2-4]. In industrialized countries, H. pylori 
infection is a rare finding in the gastric mucosa of children. The low prevalence as 
well as the lack of confounding variables such as smoking, alcohol intake, or use of 
nonsteroidal antiinflammatory drugs (NSAIDS) in children may allow such 
pediatric studies of clarify the role of H. pylori in the pathogenesis of gastritis and 
gastric or duodenal ulcers. The purpose of the present study was: (a) to determine 
the relationship between H. pylori and gastritis or peptic ulcer disease in children 
and (b) to determine the natural history of H. pylori in children with gastritis. 

U sing pediatric gastric antrum biopsy material from 1979-1988, we studied the 
prevalence of gastric H. pylori and evaluated the association between this 
organism and the clinical, endoscopic, radiologic, and pathologic presentation [8]. 

Endoscopic antral biopsy specimens obtained from children aged 5 though 18 
years were examined. In all patients endoscopy and gastric biopsy were performed 
for assessment of possible acid peptic disease. Children with secondary gastritis 
due to Crohn's disease, graft versus host disease, or eosinophilic gastritis were 
excluded from this study. All biopsy specimens had been fixed in Zenker's solution 
and stained with hematoxylin and eosin. The severity of inflammation was graded 
o to 3 +. Inflammation was assessed as chronic, active, or chronic active. The 
numbers of organisms were graded from 0 to 3 + . 

Over the 9-year period 179 children within the study age group had gastric 
antral biopsy specimens taken. Studies using the aforementioned techniques have 
determined at 21 % of children undergoing endoscopy and gastric biopsy at our 
institution have evidence of H. pylori infection. In the 81 children with histologic 
evidence of gastritis, 47 % were positive for H. pylori. None of the children 
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without gastritis had evidence of H. pylori infection. The mean age of children 
with H. pylori gastritis was 12 years. The presenting signs and symptoms included 
epigastric abdominal pain (50 %), vomiting (40 %), and hematemesis (16 %). 
Unfortunately, the clinical presentation was not helpful in discriminating children 
with H. pylori gastritis from those with H. pylori-negative gastritis. 

Results 

Endoscopic Findings 

In children the endoscopic appearance of H. pylori gastritis can vary from normal 
to the presence of gross ulcerations. In this study 80 % of the children had 
H. pylori gastritis, 30 % had duodenal ulcers, 6 % had a gastric ulcer, and 15 % 
had normal appearing gastric mucosa. Interestingly, the majority of these children 
had a nodular appearing gastric antrum (Fig. 1). This finding is pathognomonic of 
H. pylori infection and has not been reported in any of the adult studies. Presently 
the etiology of this finding is unclear. 

Radiologic Findings 

Unlike adults with H. pylori gastroduodenal disease, a subset of infected 
children present with chronic vomiting or hematemesis. Sixteen such patients 
underwent radiologic examination of the upper gastrointestinal tract at the time of 

Fig. 1. Antral nodularity present in children with H. pylori gastritis 
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Fig. 2. Air-contrast examination of a child with H. pylori gastritis. Note the thickened folds in the 
body and antrum of the stomach. [From 11] 

presentation. Seven of these children (40%) were noted to have hypertrophic or 
enlarged gastric folds (Fig. 2). Therefore, infection with H. pylori should be added 
to the list of causes for radiologic evidence of hypertrophic gastric folds in children 
[11 ]. 

Histologic Findings 

The children with antral gastritis were analyzed according to the type of gastritis. 
Of the 38 children with H. pylori gastritis 82 % had diffuse chronic gastritis 
highlighted by the presence of lymphocytes and plasma cells within the lamina 
propria, with only occasional foci of active inflammation within the glandular 
epithelium (Fig. 3). Eighteen percent had only diffuse chronic inflammation and 
no children presented with active inflammation alone. Thus, most children with 
H. pylori have lymphocytes and plasma cells as the predominant inflammatory 
cell within the lamina propria. This differs significantly from the descriptions of 
H. pylori gastritis in adults [1]: the predominant inflammatory cell within the 
lamina propria as well as the glands is the polymorphonuclear neutrophil. In our 
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Fig. 3. High magnification of a pediatric antral biopsy specimen. Note the focus of active 
inflammation within the gland 

Fig. 4. Gastric biopsy of a child with H. pylori gastritis. Note the diffuse chronic gastritis with 
lymphoid follicle at center. [From 3] 
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experience, lymphoid follicles are only rarely present in the pediatric population 
(Fig. 4) and may not explain the gross antral nodularity seen at the time of 
endoscopy. 

Additionally, the degree of gastritis was assessed and correlated with the 
presence of H. pylori. As reported in adult studies, most children with H. pylori 
have moderate or severe gastritis. Of the 81 children with histologic antral 
gastritis, 46 had mild gastritis, and 9 of these (19 %) had H. pylori infection. 
Twenty of 81 had moderate gastritis, and 16 (80 %) had H. pylori infection. 
Fifteen of 81 children had severe gastritis, and 13 (87 %) had H. pylori infections. 
Thus, H. pylori gastritis is responsible for the majority of cases of moderate and 
severe gastritis. The degree of gastritis did not correlate with the number of 
H. pylori organisms. 

Seventeen H. pylori-positive children, treated with 6-8 weeks of a standard H 2-
antagonist therapy, were followed over a 2-year period to evaluate the course of 
gastritis (Table 1). Eight of the 17 children had a decrease in the level of gastritis. 
Six remained unchanged and in only three children were we able to document a 
progression of the gastritis. 

Table 1. IgG Antibody response to H. pylori gastritis 

Degree of gastritis 

Mild 
Moderate 
Severe 

Serologic Findings 

Serum IgG (OD405) 

0.274±0.126 
0.778 ± 0.55 
1.32 ± 0.60 

In addition to the histologic and microbiologic techniques for identification of 
H. pylori infection, we and others [5, 12] have demonstrated the utility of serologic 
techniques to identify infected individuals. Thus, utilizing sonicated whole-cell 
proteins as the detecting antigen in the enzyme-linked immunosorbent assay, the 
serum IgG antibody response was compared with the degree of gastritis (Table 2). 
The serum IgG immune response in children directly correlates with the degree of 
gastritis. 

Table 2. Course of H. pylori gastritis in children treated with Hrantagonists 

Decreased 

Severe -> moderate (3) 
Severe -> mild (2) 
Moderate -> mild (3) 

Unchanged 

Severe (2) 
Moderate (3) 
Mild (1) 

Increased 

Moderate -> severe (2) 
Mild -> moderate (1) 
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Discussion 

H. pylori gastritis is uncommon in the pediatric population. Unlike adults, 
pediatric patients with H. pylori gastritis present with abdominal pain, vomiting, 
and hematemesis, and comprise the majority of children with moderate to severe 
gastritis. Of these children 50% present with the acute onset of symptoms 
(symptomatic for less than 3 months) and therefore present an opportunity to 
study the early phase of H. pylori infection. Endoscopically, the gastric antrum is 
very nodular. Additional mucosal abnormalities are noted on upper gastrointes
tinal radiologic examination. Specifically, 47 % of children with H. pylori gastric 
disease have radiologic evidence of hypertrophic gastric folds. Histologically, a 
more chronic and less active inflammatory response is noted. Interestingly, these 
endoscopic and histologic findings have been reproduced in the gnotobiotic piglet 
model of H. pylori disease where the initial inflammatory response to H. pylori is 
the presence of chronic inflammatory cells [9]. Evidence for a pathogenic role of 
H. pylori is seen by the development of serum anti-H. pylori antibodies. In 
children, the serum immune response correlates directly with the degree of 
gastritis. This association has not been noted in adults and may only be obvious 
during the early phases of the infection. To date, no consistent progression of 
gastritis from mild to severe or to frank ulcerations has been noted. However, 
long-term prospective studies are needed to elucidate the natural history of 
H. pylori gastroduodenal disease. 

Acknowledgements. I am grateful to Katie Chipps for her assistance in preparing 
this manuscript. 
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Comparison of Several Methods 
of Detecting Helicohacter (Campylohacter) pylori 

R. J. L. F. LOFFELD, E. STOBBERINGH, J. A. FLENDRIG, and J. W. ARENDS 

Introduction 

There is increasing evidence that Helieobaeter (Campylobaeter) pylori is a 
causative factor in type B (antral) gastritis [1-8]. The diagnosis of a Helicobacter
associated gastritis in patients with nonulcer dyspepsia (NUD) may be of 
therapeutic importance, since drugs active against H. pylori are able to reduce 
colonization of this microorganism with improvement of gastritis [9,10]. 

Precise identification of H. pylori, therefore, is an important step in the 
detection of Helicobacter-associated gastritis, especially during follow-up after 
therapeutical intervention. 

So far, microbiological, histological, and serological methods have been widely 
applied for detection of H. pylori. Culture is generally accepted to be very specific. 
However, its sensitivity is low due to adverse influences resulting in false-negative 
culture results [11]. 

H. pylori has been studied in tissue sections stained using conventional 
nonspecific methods, like the silver stain according to Warthin and Starry [12], 
Gram's [13], modified Giemsa [14,15], and acridine orange stain [16]. The 
specificity of these staining methods is questionable since they solely rely on the 
detection of microorganisms with morphological features analogous to those of 
H. pylori. Recognition of antigens of H. pylori is not possible. Immunohistochem
ical identification of H. pylori, therefore, would be a more specific histological 
method of detection if a specific antibody is used. 

We used an immunoperoxidase technique employing a specific anti-H. pylori 
antiserum to detect H. pylori in antral biopsy specimens and compared its 
diagnostic yield with that of culture and modified Giemsa stain in a group of 
patients with non ulcer dyspepsia. 

Patients and Methods 

Gastric biopsy specimens of 200 consecutive patients in whom a nunulcer 
dyspepsia was diagnosed were studied. These patients included a group of 50 
patients with nonulcer dyspepsia who had given informed consent for a 
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therapeutic trial, as reported elsewhere [10]. These trial patients underwent two or 
three endoscopic investigations with antral biopsy specimens taken with a 1-
month interval. All these biopsy specimens were included in the study. The group 
was comprised of 85 men (mean age 41.4 years, range 19-76) and 115 women 
(mean age 48.7 years, range 16-82). 

At upper gastrointestinal endoscopy using the O1ympus GIF Q gastroscope 
four antral biopsy specimens were taken, one for culture of H. pylori and three for 
histological assessment of gastritis and He1icobacter-like organisms. The total 
number of endoscopic investigations was 302. All histological and microbiological 
detection methods could be applied in 244 cases. 

Histological Examination 

Biopsy specimens were stained with haematoxylin and eosin for the assessment of 
gastritis according to Whitehead [17] (grade 0 and 1, normal antral histology; 
grades 2 and 3, showing features consistent with gastritis). 

Scoring of H. pylori was performed on the basis of positive modified Giemsa 
[14] and/or immunoperoxidase stain. The presence ofHelico bacter-like organisms 
was noted on a semiquantitative scale: grade 0, no bacteria seen; grade 1, 
sporadically some bacteria seen; grade 2, bacteria seen in almost all high power 
fields ( x 400); grade 3, bacteria seen in all high power fields, also lying in clusters. 
All sections were examined blindly without knowledge of culture results. The 
whole biopsy specimen was examined at high power magnification ( x 400). 

Culture 

One biopsy specimen was cultured. It was put in sterile saline 0.9 % and 
transported to the microbiology department. The biopsy specimen was incubated 
on blood agar containing 6 % sheep blood, under microaerophilic conditions for 
5-7 days at 37°C. 

Antiserum Preparation 

Five different strains of H. pylori were washed two to three times with saline 0.9 %. 
A bacterial suspension was made which contained at least 100 million bacteria per 
ml. Two rabbits were inoculated with 1 ml suspension (bacterial suspension with 
Freud's adjuvant in a 1: 1 solution). The first injection was administrated 
intracutaneously, after 4 weeks 1 ml bacterial suspension without Freud's 
adjuvant was given intramuscularly followed by a final intravenous injection of 
the same suspension. After this injection the rabbits were bled and the antiserum 
was harvested. 
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Immunoperoxidase Stain 

All available biopsy material was recut and deparaffinised with xylol and alcohol 
90% and treated with a hydrogen peroxidase methanol 0.5% solution during 
15 min. The sections were pretreated with a pepsine solution (0.1 % pepsine in 
0.1 N hydrogen chloride) during 30 min. After cleaning with Tris buffered saline 
the sections were preincubated with normal swine serum in a solution of 1: 5 
during 10 min. After incubation with primary antiserum (polyclonal rabbit 
antiserum, 1 : 10 solution, 45 min), the sections were washed three times with Tris 
buffer. The biopsy specimens were incubated with swine anti-rabbit serum in a 
solution of 1 : 150 for 45 min. After cleaning with Tris buffer the sections were 
stained (4 min) with 3.3 amino benzidine tetrahydrochloride with the use of 10% 
imidazol to intensify the reaction. Counterstaining was performed with haema
toxylin. All sections were examined semi quantitatively for the presence of 
H. pylori. 

Cross-Reactivity 

The polyclonal antiserum was tested for cross-reactivity with Campylobaeter 
jejuni, Campylobaeter fetus, Campylobaeter coli, Escherichia coli, and Entero
baeter. Cultures of H. pylori and the other microorganisms were washed with 
phosphate buffered saline (three times). A suspension was made and fixed in 
buffered formaline solution. After centrifugation for 10 min at 3000 rpm, this 
material was embedded in warm agar (0.4 g agar in 10 ml phosphate buffered 
saline, at 37 0 -40 DC). After cooling down the bacteria were embedded in paraffin. 
The blocks were cut with the microtome and processed with the same technique as 
used for normal biopsy specimens. Gram stains of the sections were made in order 
to be sure that the sections contained bacteria. All sections containing embedded 
bacteria were stained according to the immunoperoxidase staining technique as 
described in Methods. The preparations were studied blindly without knowledge 
of the embedded bacteria. 

Statistical analysis 

The chi-squared test was employed for statistical analysis. 

Results 

Cross-Reactivity of the Antiserum 

Cross-reactivity with Campylobacter species was negligible. It was absent with 
respect to other microorganisms. Hence the polyclonal antiserum proved to be 
rather specific for H. pylori. 
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Diagnostic Yield of the Three Detection Methods 

As shown in Table 1 immunoperoxidase stain revealed the highest diagnostic 
yield, 218 (89 %) of biopsy specimens being positive for H. pylori. Modified 
Giemsa stain was positive in 191 (78 %) of the cases, whereas 108 (44 %) biopsy 
specimens yielded a positive culture. Culture, moreover, due to technical 
difficulties remained inconclusive in 18 biopsy specimens. 

Table 1. Diagnostic yield of different methods of detecting H. pylori 

Culture 
Modified Giemsa 
Immunoperoxidase 

Positive 

108 (44%) 
191 (78 %) 
218 (89%) 

Negative 

118 (48%) 
53 (22%) 
26 (11 %) 

a In these cases culture failed because of technical difficulties 

Immunoperoxidase Stain and Culture 

Inconclusive a 

18(8%) 

Total 

244 
244 
244 

One hundred eight biopsy specimens (44 %) revealed a positive culture. H. pylori 
was seen in the immunoperoxidase stain in all these specimens. No false-negative 
immunoperoxidase stain was seen. Of 136 biopsy specimens with a negative or 
inconclusive culture 110 showed H. pylori in the immunoperoxidase stain, in the 
remainder (26 cases) no bacteria were seen. 

Immunoperoxidase Stain and Modified Giemsa Stain 

One hundred eighty-six biopsy specimens (76 %) showed microorganisms in the 
immunoperoxidase stain as well as in the modified Giemsa stain. In 32 cases 
(13%) no bacteria were detected in the modified Giemsa stain, whereas the 
immunoperoxidase stain definitely showed H. pylori. In these cases H. pylori 
invariably appeared to be present in very low numbers (grade 1), always confined 
to the deep layers of the gastric pits. 

In 21 cases (8 %) both detection methods did not show microorganisms, 
whereas 5 (3 %) biopsy specimens with a positive modified Giemsa stain revealed 
no bacteria in the immunoperoxidase stain. 

Modified Giemsa Stain and Culture 

Out of 108 positive cultures 104 (96 %) revealed H. pylori in the modified Giemsa 
stain, only 4 (4 %) negative stains were found, hence false-negative Giemsa stains. 
One hundred eighteen biopsy specimens did not show bacterial growth, 87 (74 %) 
of these, however, demonstrated Helicobacter-like microorganisms in the modi
fied Giemsa stain. 
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Culture and Semiquantitative H. pylori Score 

Out of 108 positive cultures 40 (37 %) showed grade 1 presence of H. pylori; 28 
(26%) grade 2 presence, whereas the remainder, 40 cases (37%), scored grade 3. 
One hundred eighteen biopsy specimens with a negative culture showed grade 0/1 
presence in 87 (73%); grade 2 in 19 (16%) cases; whereas only 12 cases (11 %) 
scored grade 3. The relation between culture success rate and Helicobacter score is 
shown in Table 2 and appeared to be statistically significant, also when the results 
of inconclusive cultures were assessed to be either positive or negative. 

Table 2. Correlation of culture and H. pylori score 

Culture 
Positive n = 108 
Negative n = 118 

P < 0.0001 

Discussion 

H. pylori score 

Grade Ojl 
40 (37%) 
87 (73 %) 

Grade 2 
28 (26%) 
19 (16%) 

Grade 3 
40(37%) 
12(11%) 

Immunoperoxidase and immunofluorescence techniques with polyclonal and 
monoclonal antibodies, so far, have been only employed in small groups of 
patients [18-21]. The results of this study show that the immunoperoxidase stain 
can be applied in a large number of biopsy specimens. In all cases of 
microbiologically confirmed presence of the bacterium immunoperoxidase stain
ing appeared to be positive, indicating that the technique is sensitive. In addition 
cross-reactivity with Campylobacter species and a panel of other bacteria was 
absent or negligible indicating a high specificity of the method. 

Many workers in the field accept culture as the gold standard for detection of 
H. pylori. However, many use a combination of two or three different detection 
methods, including culture. A "gold standard" by definition has a sensitivity and a 
specificity of 100 %. In an earlier study we reported that culture, although specific, 
lacks sensitivity [22]. This can be explained by our observation that a significant 
correlation exists between culture results and the bacterial load of the biopsy 
specimens. It is conceivable that false-negative cultures could be due to low 
numbers of bacteria present in the biopsy specimen. 

Although after anti-H. pylori treatment improvement of gastritis has been 
described and the bacterium generally cannot be detected with culture [9, 23, 24], 
recrudescence of gastritis occurs in almost all cases. Restriction DNA analysis 
showed that the bacteria responsible for this recurrence are the same as before the 
start oftherapy [25], implying endogenic reinfection. Hence, false-negative culture 
results occur after therapy. Since our study nicely showed that the success rate of 
culture in cases with low bacterial load, which can be expected after anti-H. pylori 
therapy, is low, culture is not reliable for excluding the persistence of the infection 
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after therapeutic intervention. The immunoperoxidase stain can show very low 
numbers of bacteria in these cases. 

H. pylori can exhibit a patchy distribution in the human antrum, and the 
number of microorganisms seen in several biopsy specimens from the same patient 
can vary widely. Hence it is possible that false-negative histological and/or 
microbiological detection can occur if only one biopsy specimen is examined. This 
situation especially occurs in the group of patients showing normal histological 
features and low numbers of H. pylori after a course of colloidal bismuth 
subcitrate (CBS) [10]. 

We already demonstrated that the modified Giemsa stain is superior to the 
silver stain according to Warthin and Starry [12]. In this study we showed that the 
most specific staining method is the immunoperoxidase staining technique. The 
modified Giemsa stain, however, still remains a reliable means of detecting 
H. pylori in histological sections. Only 5 (3 %) modified Giemsa stains were found 
in which the immunoperoxidase stain failed to show H. pylori. There are two 
possibilities to explain this discrepancy. 

First, the discrepant cases occurred when only low numbers of H. pylori were 
present. In such cases it is conceivable that the immunoperoxidase stain may be 
negative due to the different level of the section which was stained. Second, the 
possibility exists that the curved bacilli seen in these cases belong to other spiral 
organisms in the human stomach as recently described [26-30]. In all cases of 
positive immunoperoxidase stain and negative modified Giemsa stain, the 
microorganisms were found lying deep in the gastric pits, an area which is difficult 
to inspect in nonspecific staining methods, because of high background staining 
and lack of contrast. In the immunoperoxidase stain background staining is 
negligible and H. pylori can be detected easily deep with in the gastric pits. 

In conclusion, immunohistology provides a sensitive and specific means of 
studying Helicobacter-associated gastritis. Since almost all patients with type B 
gastritis are positive for H. pylori, detection of the microorganism may not 
absolutely be required if gastritis is demonstrated on routine histological 
investigation. However, in cases of therapeutical intervention it is necessary, 
especially if normal antral mucosa is found during follow-up, not to rely on 
culture, but to use a specific or nonspecific staining method in order to 
differentiate between suppression or eradication of H. pylori. Because of its rather 
high sensitivity and its ease the modified Giemsa stain is applicable in daily clinical 
practice. For more refined detection of H. pylori, however, and for research 
purposes the immunoperoxidase stain is preferable. 
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Endoscopic and Histologic Aspects of Gastritis 

G. N. J. TYTGAT, S. HOFER, and E. A. J. RAuws 

One of the most difficult areas in clinical gastroenterology today is a precise 
description of the inflammatory changes of the stomach and the endoscopic 
parameters upon which a macroscopic endoscopic and microscopic diagnosis of 
inflammation of the gastric mucosal lining may be based. Reading the literature 
one may readily become confused because of the lack of precise terminology and 
discrepancies in interpretation of macroscopic and microscopic changes. A 
compilation of unequivocally visible and microscopic alterations should allow a 
proper diagnosis of any gastric abnormality. An ongoing debate concerns the 
question whether any macroscopic changes justify the use of the term "gastritis" 
or whether this term should be reserved only for histologically ascertained 
inflammatory changes. One way to solve this problem could be to use the broad 
term of "gastropathy" to indicate any macroscopically visible change from the 
normal. By doing so one may avoid the criticism that occasionally there is poor 
correlation between endoscopically observable alterations and the histologically 
seen inflammation. 

The Normal Appearance of the Gastric Mucosa 

There is a great deal of ignorance with respect to the "normal" macroscopic 
appearance of the gastric lining. In all probability many of the endoscopic 
appearances which endoscopists call "normal" are presumably not normal [1-8]. 
We are so used to see some alterations of the mucosa in middle-aged or elderly 
people in comparison with the "normal" appearance in young healthy volunteers, 
that the common slightly altered findings in the adult and elderly population are 
considered to represent the normal spectrum. 

The mucosal appearance in the stomach is called normal when there is an even 
shade of pink color, smoothness, and luster throughout that area of mucosa. 
Usually the antrum appears flat or reveals only slightly elevated prepyloric folds 
with adequate but not excessive insufflation. Less commonly one may see one or 
two rooffing folds, forming arches over the pyloric channel or a few more 
prominent antropyloric folds. The fold or rugal pattern in the corpus-fundus area 
is regular and even, in cross diameter not exceeding 5 mm. The folds are pliant and 
distend readily upon insufflation. In a normal stomach there is no adherent 
mucous-fibrinous exudate. 
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The Endoscopic Spectrum of Gastropathy 

Gastropathy is defined as the presence of presumably inflammatory alterations in 
the mucosal membrane. Endoscopically or macroscopically gastropathy may be 
diagnosed when some or all of the following abnormalities are unequivocally 
present and visible either focally or diffusely in the stomach. When one or more of 
these macroscopic parameters appear to be dominant, then this is used to indicate 
the most appropriate subcategory within the gastropathy spectrum. 

Swelling or Edema 

Edema is readily diagnosed when it is pronounced or severe but is rather difficult 
to detect reliably when it is mild or moderate in intensity. Edema may occasionally 
give a somewhat whiter or slightly opalescent tinge or may accentuate the areae 
gastricae pattern with accentuation of the hexagonal lineae gastricae. 

Erythema or Redness (Hyperemia) 

Erythema is diagnosed when there are patchy or diffuse areas of mucosa 
unequivocally discernible as redder in shade than the adjacent mucosa in that 
area. Erythema may be mild, representing minimal but obvious change, moderate, 
or severe or marked when the color change is beefy-red in intensity. 

On close inspection erythema appears to be discontinuous, composed of 
innumerable tiny (1-3 mm) minimally raised dots of redness. Separating these 
slightly raised dots of erythema are yellow-white lines, the lineae gastricae. 
Histologic superficial gastritis has been associated with this appearance in 40 % or 
more of cases [4, 9]. The distribution of erythema may be variable, focal, 
segmental, or diffuse. Presumably a combination of capillary dilatation or 
engorgement and mucin depletion alters the light transmission and reflection from 
the mucosal surface, giving a redder appearance. 

Loss of Shininess or Luster 

In the presence of inflammation the mucosa may become dull or luster less, instead 
of having the normal smooth and shiny appearance. 

Exudate 

Mucus-like or gray-yellowish or sometimes brownish or greenish material may 
adhere to the mucosal surface, called exudate. Occasionally the adherence of such 
punctate or strands of exudate is tenacious and resists vigorous rinsing with a 
water-jet. Not uncommonly tiny whitish punctate spots of exudate may be seen, 
especially in the antral area in Helicobacter pylori-associated inflammation, to be 
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discovered only upon close inspection. The latter need differentiation from spots 
of highlighting which are in general more brilliant and less sharply demarcated. 

Erosion 

Per definition, an erosion is a visible break in the mucosal integrity. When the 
erosion is present within the niveau of the mucosa, the latter is called flat. When 
the erosion is elevated, the erosion is called raised (varioliform). Flat erosions are 
superficial whitish necrotic abnormalities, which in principle do not disrupt or 
destroy the muscularis mucosae. They may appear with or without a surrounding 
red halo. They vary in size from pinpoint up to 1 cm in diameter. They may be 
solitary or multiple. They may predominate on prominent prepyloric folds. 
Endoscopic detection is relatively easy, especially when the base of the erosive 
defect is covered with a layer of fibrinopurulent exudate. Characteristic for raised 
erosions (varioliform erosions) are discrete mounds of elevated mucosa, capped 
by a central defect, the so-called volcano-like erosions. 

Fold Enlargement (Hyperrugosity) 

Folds are considered prominent if they have a diameter between 5 and 10 mm; 
folds are considered large if they exceed 10 mm in diameter. Genuinely enlarged 
folds do not flatten or flatten only partially during insufflation. Enlarged folds 
may reveal superimposed caliber changes or frankly nodular irregularities. 

Fold Atrophy or Thinning or Disappearance 

Fold atrophy is characterized by flattening or thinning and ultimately disap
pearance (bald corpus fundus). This process is usually most obvious in the corpus 
fundus area. Occasionally tiny mucosal elevations or excressences may remain in 
areas where the folds have disappeared. 

Visibility of the Vascular Pattern 

The thinning of the mucosa allows the endoscopic appearance or visibility of small 
and larger ramifying vessels in the wall in the stomach. Often these vascular 
structures are rather unsharply delineated and irregular and tortuous in ap
pearance. To avoid confusion with vascular transparency, excessive distension 
with air of the stomach should be avoided. 

Intramural Bleeding Spots 

Disruption of vascular integrity leads to extravasation of erythrocytes. The latter 
may be seen as punctate red spots in a congested mucosa (petechiae) or as 
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somewhat larger red-brownish or dark ecchymotic spots or flecks. Often such 
lesions are multiple and are not in the same stage of development causing 
inequalities in color due to various stages of decomposition of the blood. 
Occasionally extravasation into the lumen may be seen originating from the 
intramural bleeding spots. 

Granularity 

The mucosa is called finely or coarsely granular or nodular when the evenness of 
the lining has disappeared. Then the granularity is rather regular, the term 
"mamillation" is sometimes used. 

Endoscopic Abnormalities in Helicobacter pylori Gastritis 

The endoscopic appearance of the stomach in the acute infectious phase of 
Helicobacter pylori-induced inflammation is poorly delineated. A rare patient has 
been described with a strikingly red, friable, and slightly microeroded appearance, 
covered with abundant fibrinopurulent exudate, in the antrum [10]. In many 
patients with chronic Helicobacter pylori colonization usually in the distal part of 
the stomach, no or at the most only discrete changes in the endoscopic appearance 
of the stomach are detectable [11-13]. If endoscopic abnormalities are seen, they 
usually consist of patches of erythema, contrasting and alternating with paler 
areas, slight unevenness of the mucosal lining, and some loss of shininess. In a 
variable proportion of patients, close inspection, especially of the antral area, 
reveals tiny punctate whitish spots of exudate together with small erosions, often 
on a standing prepyloric fold. Rather exceptionally more obvious erosive gastritis 
is visible in the distal part of the stomach. 

More characteristic is the combination of discrete endoscopic abnormalities in 
the antrum combined with endoscopic evidence of inflammation in the bulb. 
Endoscopic bulbi tis is usually characterized by foci of striking punctate erythema 
and areas of punctate or confluent erosions. Additional features are slight edema 
of the mucosa and accentuation of the fold pattern in the bulb and the conspicuous 
bulbar motor activity. 

Not uncommonly both the abnormalities in the antrum and in the bulb may 
develop or progress during acid suppressive therapy. 

Preliminary data have been obtained from the literature that successful 
eradication of Helicobacter pylori may lead to regression if not disappearance of 
the endoscopic abnormalities [14]. 

To document the endoscopic abnormalities in Helicobacter pylori infection, a 
series of patients with chronic dyspepsia were photographed in a standard way. 
The endoscopic slides were blindly reviewed and scored without knowledge of the 
Helicobacter pylori status. The results are summarized in Tables 1 and 2. It is 
readily obvious that several of the inflammatory parameters are more commonly 
present in Helicobacter pylori-related gastropathy. 
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Table 1. Endoscopic appearances of the antral mucosa in 96 nonulcer dyspepsia patients in 
relation to absence or presence of H. pylori on culture and associated antral gastritis [26] 

Normal 
Edema 
Erythema 
Atrophy 
Mamillation 
< 5 Erosions 
> 5 Erosions 
Punctate exudate 

• Fisher's exact test (two-tailed) 

H. pylori positive 
(n = 55) 

3 
41 
49 

3 
3 

20 
2 

14 

H. pylori negative 
(n = 41) 

8 
18 
29 

9 
2 
5 
1 
5 

p. 

0.05 
< 0.003 
< 0.03 
<0.02 

< 0.01 

0.10 

Table 2. Endoscopic appearances of the duodenal bulb in 50 non ulcer dyspepsia patients in 
relation to the H. pylori status of the antral mucosa [26] 

Normal 
Edema 
Erythema 
Less than 5 tiny erosions 
More than 5 tiny erosions 
Punctate exudate 

• Fisher's exact test (two tailed) 

H. pylori positive 
(n = 30) 

1 
26 
28 

8 
9 
3 

Histologic Classification of Gastritis 

H. pylori negative 
(n = 20) 

4 
12 
15 
5 
4 
2 

p. 

0.14 
0.04 
0.10 
N.S. 
N.S. 
N.S. 

Over the years many classifications have been developed for the assessment and 
staging of the severity of inflammatory changes in the gastric mucosa [15-24]. 
Obviously in the light of the discovery of Helicobacter pylori gastritis classification 
needs revision. 

The criteria of Whitehead et al. [16] have been used by many investigators. In 
this classification the following parameters are used: 
1. Chronic inflammatory infiltration of the superficial mucosal layers 
2. Inflammatory infiltration of the deep mucosal layers 
3. Elongation of gastric pits 
4. Atrophy of gastric glands 
5. Intestinal metaplasia 

Superficial gastritis is diagnosed when only superficial epithelium, gastric pit 
region, and related lamina propria are affected. Chronic gastritis is diagnosed 
when, additionally, a deep extension of the inflammatory infiltrate around the 
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tubules is found. The criterion of atrophic gastritis is based on the detection of 
atrophy of the tubules. 

The three histological diagnoses (superficial gastritis, chronic gastritis, and 
atrophic gastritis) can be subdivided into mild, moderate, and severe. 

Sipponen et al. [24] from Finland, classify gastritis as: 
1. Acute (erosive) gastritis 
2. Chronic gastritis 
3. Special types (eosinophilic, granulomatous, and lymphocytic) and a miscella

neous group including the hyperplastic gastropathies and gastritis in gastric 
resection stomachs 

Chronic gastritis is graded as chronic gastritis without atrophy or superficial 
gastritis with slight, moderate, or severe degree of inflammation, and atrophic 
gastritis with slight, moderate, or severe degrees of atrophy (Table 3). 

Table 3. Grading of chronic gastritis (Sipponen) 

Normal (N) 

Superficial chronic gastritis without atrophy (S) 

Atrophic gastritis (A) 

Score 0 

0.5, slight 
1, moderate 
1.5, severe 

2, slight 
3, moderate 
3, severe 

Wyatt and Dixon [23] outlined a new approach to the interpretation of 
inflammatory gastric disease based on characteristic patterns of mucosal response 
to the underlying mechanisms of injury. Their classification utilizes the previous 
categories of type A and type B gastritis because they feel that they are 
conveniently linked to their autoimmune and bacterial causation but also 
acknowledge the recently identified categories of reflux and lymphocytic gastritis. 
They subdivide histologic inflammation into: 
1. Type A chronic gastritis (autoimmune pathogenesis) 
2. Type B chronic gastritis (mainly bacterial infection due to Helicobacter pylori) 
3. Reflux gastritis (due to chemical injury) 
4. Lymphocytic gastritis (presumably an atypical reaction to Helicobacter pylori) 
5. Eosinophylic gastritis (presumably allergic in nature) 
6. Isolated granulomatous gastritis (of which the pathogenesis remains unknown) 

Recently Stolte and Heilmann [25] launched a new German etiopathogenetic 
classification for gastritis. The following subdivisions were proposed: autoim
mune gastritis (type A); bacterially induced gastritis (type B); combination of 
type A and type B gastritis; chemically-toxically induced gastritis (type C); 
lymphocytic gastritis, and various other forms such as acute infectious gastritis, 
granulomatous gastritis, eosinophylic gastritis, and Crohn's disease of the 
stomach. 
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For the Helicobacter pylori studies in Amsterdam a scoring system was used 
based on the following parameters: the degree of mononuclear inflammatory cell 
density (grade 0-2); the density ofpolymorphs in the lamina propria (grade 0-3); 
the degree of intraepithelial polymorphonuclear leukocytes (grade 0- 3); and the 
degree of epithelial necrosis and microerosions (grade 0-2) [26]. 

Gastric Inflammation in Helicobacter pylori Colonization 

In its most characteristic expression, gastric mucosal biopsy specimens reveal the 
combination of chronic inflammation with large numbers of mononuclear 
inflammatory cells in the lamina propria and an acute component characterized 
by the presence of polymorphleukocytes within the lamina propria but especially 
permeating between the epithelial cells (Fig. 1). Occasionally the polymor
phonuclear infiltration can be rather dense, sometimes leading to a glandular 
crypt abscess. Especially in the more severe forms of inflammation there is a 
conspicuous lack of mucous granules within the epithelial cells. Focally there may 
be evidence of microerosions at the luminal surface with small defects where the 
epithelial layer is completely necrosed and exchanged for a layer of inflammatory 
cells (Fig. 2). In most of the biopsy specimens the inflammatory infiltration is 
limited to the superficial layers of the lamina propria. Presumably only in severe 
long-standing cases there is also atrophy of the glandular area. 

Fig. 1. Chronic active gastritis with a dense infiltrate in the lamina propria and invasion of 
granulocytes in the epithelial layer 
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Fig. 2. Foveolar epithelium with focal erosion 

Usually the inflammatory changes are more pronounced in the antral biopsy 
specimens with the biopsy specimens compared from the corpus fundus area. 

The gastritis score in many biopsy specimens taken sequentially in our patients 
with Helicobacter pylori-related dyspepsia is shown in Table 4. As can be seen in 
those patients in whom no eradication was achieved the gastritis score remains 
more or less constant during the course of 1 year. In contrast in those patients in 
whom eradication could be achieved there is a gradual improvement in the overall 
gastritis score. Rather rapidly the acute polynuclear component of the in
flammatory reaction disappears whereas the mononuclear component takes 
longer to diminish and disappear. 

Table 4. Mean gastritis scores in patients with chronic active gastritis and positive culture for 
H. pylori before (B) and immediately after (A) treatment. Mean gastritis scores are given for those 
patients that remained H. pylori positive and those that became and remained H. pylori negative 
after treatment with amoxicillin, colloidal bismuth subcitrate, or the combination of these two 
agents. Note the ultimate complete disappearance of the inflammatory changes of the gastric 
mucosa (gastritis score, 0) after persistent eradication of H. pylori during follow-up 

H. pylori, positive, (n = 51) 
H. pylori, negative, (n = 34) 

B 

5.8 
5.1 

A 

1.7 
1.1 

Follow-up months 

4.3 
0.8 

3 

5.1 
0.5 

6 

5.1 
0.3 

12 

5.5 
o 
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Correlation Between Endoscopic Abnormalities and Histologic Findings 

In several studies it has been stated that the endoscopic appearances do not 
reliably predict the presence or absence of histologic gastritis [1-8]. A rather poor 
correlation is indeed usually found in the presence of discrete or equivocal 
abnormalities. When the endoscopic changes are unequivocal or more pronoun
ced and certainly in the presence of erosions, there is almost always histologic 
evidence of inflammation. Therefore, the more severe the gastric endoscopic 
abnormalities, the better the correlation with histologic evidence of inflammation. 
The same holds true for endoscopic bulbi tis [27 - 28]. Furthermore, it is well 
possible that the overall poor correlation is related to a large extent to inaccuracies 
of endoscopic interpretation, to ignorance with respect to the optimal site for 
targeted biopsy, to the optimal number of biopsies, and generally accepted criteria 
for histologic diagnosis of chronic superficial inflammation. 

Concluding Remarks 

To fully document the role of endoscopy, in parallel to histology, in the various 
forms of gastric inflammation, new studies have to be designed with careful 
scoring of any endoscopic abnormality and adequate sampling of the gastric 

. mucosa for histological analysis. Both endoscopy and biopsy have to be 
performed before and after therapeutic attempts to correct the cause of the gastric 
inflammation. Perhaps the standardized use of videoendoscopy with the possi
bilities for more objective analysis of the macroscopic image (degree and 
distribution of redness, unevenness of erythema, presence and number of spots of 
punctate exudate, or erosions, etc.) will allow a more objective and accurate 
endoscopic interpretation of the gastric mucosal lining. 

It is not to be expected that the discrete chronic variants of superficial 
inflammation without alteration of the overall mucosal thickness or of the mucus
secreting epithelium will induce readily obvious endoscopic changes. In contrast, 
active inflammation with mucin depletion and focal necrosis and disruption of the 
epithelial layer should be readily detectable by endoscopic means. 

Ifultimately endoscopic biopsies prove to be the key diagnostic modality, where 
should biopsies then be taken? Currently it is not known whether at random 
biopsies or targeted biopsies are equally informative in Helicobacter pylori 
gastritis. This will of course depend to a large extent upon the equal and diffuse 
character of the inflammation. If inflammation is of equal severity over a certain 
segment of the stomach, then random biopsies would seem to be adequate. If, on 
the other hand, inflammation is rather patchy, then more precise targeting may be 
more appropriate. It may be wise to sample in particular those areas where there is 
distortion or disruption of the epithelial lining or where there is evidence of 
punctate exudate. 
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Correlation Between the Grade of Activity 
of Type B Gastritis and Synthesis of Glycoproteins 

K. BACZAKO*, A. STANESCU, P. FABRITIUS, and P. MALFERTHEINER 

The histological pattern of gastritis is characterized by the degree of inflammatory 
cellular infiltration of the mucosa, the grade of activity, and the change of mucosal 
architecture, such as atrophy and intestinal metaplasia [1-4]. The actual activity 
of inflammation is indicated by the grade of tissue invasion by polymor
phonuclear leukocytes. While the histological changes of gastritis are well defined, 
our knowledge of the functional importance of the mucosal inflammatory process 
is still inadequate. The mucus production of the gastric epithelium seems to be a 
suitable indicator of physiological or pathological mucosal activity and of the 
active defensive barrier function [5-8]. 

Histologically, especially in Helicobacter pylori (HP) infected samples, an 
increased mucus production can be detected. Sometimes we can see an explosive 
release and often a mucus depletion [9,10]. In a previous study we found 
biochemically an increased glycoprotein metabolism by the inflamed gastric 
mucosa, which is in contrast to histologically normal tissue [11]. In the present 
morpho functional study we compared the glycoprotein metabolism of gastric 
antral mucosa in vitro with the grade of inflammatory activity in HP-infected and 
HP-free biopsy samples. 

Patients, Materials and Methods 

We examined 58 patients with uncharacteristic upper abdominal complaints 
by gastroduodonoscopy. Patients taking steroidal or nonsteroidal antiinflamma
tory drugs were excluded from the study. Mucosal biopsy specimens were taken 
from the gastric antrum for histology and for tissue culture. The control group 
included 14 young and healthy volunteers. 

Histological Examination 

Two gastric mucosal biopsy specimens for routine diagnostic microscopy were 
fixed in 4 % buffered formaldehyde solution and embedded in Paraplast. These 
samples were cut in 5-~m sections and stained with hematoxylin and eosin. We 
estimated the granulocytic activity of gastritis histologically, according to the 
criteria summarized in Table 1. 
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Table 1. Histological grading of activity of chronic gastritis 

Grade 0: Lymphocytes and plasma cells in the tunica propria. No or few PMNs 

Grade I: Increased number of PMNs in the tunica propria mucosae without infiltration of 
foveolar epithelium 

Grade II: Strongly increased number ofPMNs in the tunica propria with definite infiltration 
of foveolar epithelium (leukopedesis of neck cells and superficial epithelium) 

Grade III: Extremely dense infiltration of PMNs in the tunica propria with infiltration of 
foveolar epithelium, often with glandular micro abscesses 

PMNs, polymorphonuclear leukocytes 

Stromal infiltrates by lymphocytes and plasma cells were always present. 
Semi quantitatively we graduated the presence and behavior of polymorphonu
clear leukocytes. Samples without detectable granulocytic activity were evaluated 
as grade o. Those with excessive dense infiltration and invasion of foveolar 
epithelium, microabscesses, and superficial granulocytic plugs were evaluated as 
grade 3. This grading is as was suggested by Stolte [4]. 

The histological sections were stained with silver impregnation by Warthin
Starry [12] for the detection ofHP. Table 2 shows the criteria for the semiquantita
tive histological grading of HP colonization of gastric mucosa. 

Table 2. Histological grading of Helicobacter pylori colonization (with silver impregnation by 
Warthin-Starry) 

Grade 0: 

Grade I: 

Grade II: 

Grade III: 

Histologically no bacteria detectable 

Few bacteria, mainly in the superficial mucus layer 

Moderate amount of H. pylori, focally or evenly distributed in the superficial 
mucus layer and/or colonization of the gastric pits and glands 

Dense H. pylori colonization of the mucus layer and gastric pits and obvious 
tendency to inter-cellular infiltration between the mucus cells 

Organ Culture 

Three biopsy specimens were transferred immediately onto a stainless steel organ 
culture grid and cultured in plastic humid chambers following the method as 
described elsewhere [11, 13, 14]. 

Figure 1 shows a plastic culture dish. In the middle of the grid is the mucosal 
explant (a) floating on the surface of the culture medium (c) in the central well of 
the plastic dish. The biopsy specimens were incubated for 2,4, and 6 h in a Trowell 
culture medium. As glycoprotein precursor we used D-6-3H-glucosamine in 
5 !lei/ml concentration in the medium. 
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Fig. 1. Plastic organ culture 
dish: a, gastric antral mucosa 
(explant); b, stainless steel grid; 
c, culture medium; d, paper ring 
moistened with distilled water; e, 
f, plastic dish 

The explants were harvested and washed. The tracer incorporation was 
estimated after ultrasound homogenization of the tissue. The proteins were 
precipitated, washed, and resolved in scintillation solution. The activity was 
counted in a Beckmann liquid scintillation system. The protein-bound radioactiv
ity in the culture medium was used as a parameter for mucus secretion. It was 
measured after removing the free precursor by dialysis. 

Figure 2 demonstrates the characteristic curves of time-dependent incorpo
ration and secretion of 3H-Iabelled precursor in short-term culture. For further 
statistical evaluations we used the areas under the curve for each patient as 
parameter for incorporation, as well as for secretion. The statistical analysis was 
carried out using Student's t test for paired samples and the Wilcoxon test. 

Histologically normal human and animal mucosal tissues can be cultured for a 
long time. However, the gastric mucosa with dense inflammatory infiltration is 
very vulnerable and the results are often not reproducible after longer incubation 
periods. 
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Fig. 2. Time-dependent incorporation and secretion of 3H-labelled glucosamine by human 
gastric antrum tissue cultures 
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Fig. 3. Histologically verified activity of gastritis and the grade of HP-colonization; n = number 
of patients 

Results 

The results of the histological analysis of biopsy specimens demonstrate a positive 
correlation between the grade of activity of antral gastritis and the grade of HP 
colonization (Fig. 3). 

The measured glycoprotein metabolism showed in the gastritis group without 
histologically detectable HP infection, as well as with HP colonization, signifi
cantly increased values of incorporation and secretion, when compared with the 
biopsy specimens from healthy control persons. Glycoprotein metabolism was 
significantly increased in HP-infected mucosal samples compared with those 
without HP infection (Fig. 4). 

We found an increased glycoprotein metabolism of mucosal samples with HP 
colonization grade 1 and grade 2, but no further increase at HP grade 3 (Fig. 5). 
When the various grades of activity of gastritis were compared, a similar pattern of 
increased 3H-glucosamine metabolism was evident (Fig. 6). The tracer incorpo
ration and the total metabolized radioactivity showed obviously increasing values 
in the groups with activity grades from 0 to 2. With activity grade 3 a fall of the 
tracer incorporation, as well as a decreased total metabolism could be observed. 

Discussion 

The tissue culture method enables us to compare the glycoprotein metabolism of 
diseased gastric antral mucosa with the metabolism of the histologically normal 
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Fig.4. 3H-Glucosamine incorporation and secretion of radio labelled glycoproteins by inflamed 
gastric antral mucosa with and without HP-colonization 
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Fig. 6. 3H-Glucosamine incorporation and secretion of radiolabelled glycoproteins by HP
infected antral mucosa with chronic gastritis (grade of activity 0-3) 

mucosa. With this method we were able to demonstrate an increased 3H_ 
glucosamine turnover in all inflamed mucosal samples. However, the in vitro 3H_ 
glucosamine metabolism was significantly higher in HP-positive than in HP
negative biopsy specimens. Furthermore, the slightly and the moderately 
colonized samples, as well as biopsy specimens with slight and with moderate 
granulocytic activity metabolized significantly more radioactivity than did 
controls. Samples with severe HP colonization and high activity however have 
rather a supressed metabolic function. The latter may be a sign of imbalance in the 
barrier function and of mucosal breakdown. 

The influence of inflammation on the gastrointestinal mucus production is 
still obscure. Presumably the inflammatory cells and endogenous factors derived 
from macrophages play an important role in the stimulation of mucus production 
and secretion [13 -15]. Biologically active factors derived from macrophages have 
been described as mucus secretagogues acting on human respiratory epithelium 
[16,17]. 

Investigations to characterize the action of the various biological factors of 
gastritis on the gastric glycoprotein metabolism may be important for clarifying 
the pathogenesis of mucosal damage. 

Some observations must be made concerning the method. First, the results must 
be interpreted with caution and in close relationship with the morphological 
aspects of gastritis. The method is expensive and time-consuming. Second, 
individual variations of the values measured within a test group are relatively 
wide. Third, the mucosal samples altered by inflammation survive short culture 
periods only. Nevertheless, at present we have no valid methods for studying the 
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mucosal function in its natural environment. One cannot, however, simply apply 
these in vitro findings to the conditions in vivo. On the other hand, the dynamics of 
the precursor's time-dependent metabolism give us some information about the 
actual functional state of the mucosal tissue and also about its ability to be 
stimulated. 
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Immunohistological Patterns of the Local Immune 
Response in Helicohacter pylori Gastritis 

T. KIRCHNER, A. MELBER, W. FISCHBACH, K. L. HEILMANN, 
and H. K. MULLER-HERMELINK 

Introduction 

For a long time studies of gut-associated immunity concentrated on the small and 
large bowel, but almost neglected the stomach as an organ without significant 
immunocompetence. Attention increasingly turned to the gastric immune system, 
since the common B cell gastric lymphoma was reassessed to be an archetype of 
lymphoproliferative disease in mucosa-associated lymphoid tissue (MALT) 
[11,20]. Moreover, the rediscovery of spiral bacteria on the gastric mucosa [31], 
which were defined as a new bacterial genus called Helicobacter pylori (HP) [9], 
decisively stimulated the interest in gastric immunity. Up to now a growing body 
of evidence emphasizes that the most common type B gastritis is induced by HP 
and that it may reflect a mucosal immune response to the exogenous bacterial 
antigens [4, 8, 19,26, 32]. Therefore, histologic evaluations of gastritis require an 
immunologic basis, and the immunohistochemistry could provide some insight 
into the local immune response induced by the HP colonization. 

Material and Method 

Endoscopic biopsy specimens were obtained from 23 patients with the clinical 
diagnosis of nonulcer dyspepsia (NUD). None of the patients had been treated 
with H2 receptor blockers, antiinflammatory drugs, colloidal bismuth, or 
antibiotics within 2 months before the endoscopy. Two biopsy particles of each 
antral and body mucosa were fixed with formalin and routinely processed to 
paraffin sections. They were stained with hematoxylin and eosin for the histologic 
diagnosis and with the Wharthin-Starry method for the detection ofHP. Normal 
mucosa without HP (antrum, 6 cases; body, 8 cases), inactive type B gastritis with 
HP (antrum, 2 cases; body, 3 cases), active type B gastritis with HP (antrum, 11 
cases; body, 8 cases); lymphocytic gastritis with HP (2 cases); and type A gastritis 
without HP (2 cases) were distinguished. 

Parallel to the routine procedure two fresh biopsy specimens of each antral and 
body mucosa were snap-frozen in isopentane-liquid nitrogen using OCT (Tissue 
Tek) as embedding medium. Immunohistochemistry was performed on air-dried, 
acetone-fixed cryostat sections (5 Ilm) by applying the indirect immunoperoxidase 
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technique in a three-stage procedure. A similar indirect immunoperoxidase 
method was used on dewaxed paraffin sections for the demonstration of 
immunoglobulins and the secretory component. Staining of the following 
antibodies was studied in each case: TCRt51 (Tyt5-receptor) and TPFl (Trt.P
receptor) from T Cell Sciences, Cambridge Mass., USA; Leu4 (CD3), Leu3a 
(CD 4), Leu2a (CD 8), Leu7 (CD 57), and anti-HLA-DR from Becton
Dickinson, Oxnard Calif., USA; Dako-CD 22, anti-HLA-A, B, C, and anti-SC 
from Dakopatts, Hamburg, FRG; anti-IgM, -IgG, and -IgA from Diagnostica 
Merck, Darmstadt, FRG; Ki-M4 and Ki-M8 from Radzun, Kiel, FRG; ViT6 
(CD1) from Knapp, Vienna, Austria; HMLl from Dianova, Hamburg, FRG. 

The number of intraepitheliallymphocytes (IEL) was determined as lymph
ocytes per 100 epithelial cells (ECs) after counting at least 500 epithelial nuclei. 
The density of lymphocyte subsets in the lamina propria (LP) was evaluated by 
applying an ocular square (area, 0.014 mm2 at x 400 magnification). The 
determination of the average number oflymphocytes per square unit was based on 
counts of at least 5 square units in each section. 

Immune System of the Normal Gastric Mucosa 

The normal gastric mucosa showed a highly organized immune system (Table 1). 
Its main component was IEL homing in the foveolar and glandular epithelium of 
the antral and body mucosa. The IEL showed T cell markers (Fig. 1 a) and 
expressed the HML1-antigen of mucosal lymphocytes. The average number 
HM 1-positive IEL was 6 per 100 ECs. The IEL predominantly exhibited the 
CD8-antigen, and the ratio ofCD8-positive cells to CD4-positive cells was 3 to 1. 
Approximately 45 % of the IEL expressed T cell receptors of the yt5-type, which 
were not detected on lymphocytes of the LP. 

Compared with the intraepithelial compartment fewer lymphocytes were seen 
in the LP (Fig. 1 a). CD4-positive T cells predominated at this site, and the ratio of 
CD4-positive cells to CD8-positive cells in the LP was 2.5 to 1. B cells and plasma 
cells were extremely rare in the normal mucosa, and occured exclusively in the LP 
(Fig. 1 b). NKjK cells were not detected. 

Table 1. Mucosal immune system of the normal stomach 

Cell types Intraepithelial Lamina 

Foveolar Glandular 
propria 

CD8+ +++ +++ + 
Teell CD4+ + + ++ 

yb-receptor ++ + 
NK/K cells CD 57 + 
B cells CD22+ (+) 

Plasma cells (+ ) 

Macrophages Ki-M8+ + 
IDCs CD1+ (+ ) 
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Fig. 1 a, b. Serial sections of a normal antral mucosa. a CD 3-positive T cells are seen in the gastric 
epithelium, fewer of them occur in the lamina propria (LP), x 190. b CD22-positive B cells are 
almost absent, x 190 

A possible zone for antigen presentation were the basal pits of the normal 
mucosa. They showed a weak epithelial expression of class II major histocompati
bility complex (MHC) antigens (HLA-DR) and of class I MHC antigens (HLA-A, 
B, C), whereas the other epithelial cells were negative. A few CD i-positive 
interdigitating dendritic cells (IDCs) serving as potent antigen presenters were 
sometimes found near the basal pits, especially in the antral region. 

Patterns of the Local Immune Reaction in HP Gastritis 

Presence of IDCs and Epithelial Expression of MHC Antigens 

The prerequisites for antigen presentation were enhanced in HP gastritis. This was 
indicated by an increase of CD 1-positive IDCs around the basal pits. Fur
thermore, the epithelial expression of HLA-A, B, C and HLA-DR antigens was 
continuously expanded to the upper foveolar and surface epithelium and to the 
glandular neck region in inactive gastritis. In active stages of gastritis all gastric 
epithelial cells exhibited a strong positive staining for HLA-A, B, C and HLA-DR 
antigens. 

Perifoveolar Lymphocyte Clusters in the LP 

Perifoveolar LP lymphocytes were constantly increased in HP infection, and 
distinct clusters of lymphocytes occurred around the basal pits. These clusters 
consisted of CD3-positive T cells (Fig. 2a). Counts showed an accumulation of 
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Fig.2a-c. Immunohistological patterns of H. pylori (HP) gastnlIs. a Perifoveolar cluster 
(arrow) of CD 3-positive T cells infiltrating the LP, x 150. b Basal lymphocyte aggregate fonned 
by CD3-positive T cells, x 240. c Large intramucosal lymphoid follicle comprising CD22-
positive B cells, x 190 

both CD4- and CD8-positive T cells in inactive gastritis (CD4:CD8 = 1: 1) and a 
further rise of CD4-positive cells in active gastritis (CD4: CD 8 = 2: 1). B cells did 
not participate in the peri foveolar clustering, but rather showed a diffuse increase 
being twofold in inactive gastritis and threefold in active gastritis compared with 
the perifoveolar LP of the normal mucosa. 

Basal Lymphocyte Aggregates and Lymphoid Follicles 

Another focal point for the gastric immune response were basal lymphocyte 
aggregates above the mucosal muscular layer. The aggregates comprised mainly 
T cells (Fig. 2 b), with a preponderance of the CD 4-positive subset, and some B 
cells. They could be precursors of intramucosallymphoid follicles which were also 
localized in the basal part of the mucosa and were distinguished from the 
lymphocyte aggregates by the predominance of B cells (Fig. 2c) and the presence 
of Ki-M4-positive follicular dendritic cells (FDCs). 

Basal lymphocyte aggregates rarely occurred in the normal mucosa. They were 
mostly seen in inactive HP gastritis, whereas true lymphoid follicles were mainly 
observed in the active stages of inflammation. 
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Plasmocytosis and Epithelial Expression of the Secretory Component 

Plasma cells predominantly accumulated in the superficial part of the mucosa 
colonized by HP. There was a clear preponderance ofIgA-producing plasma cells 
over IgG-positive and IgM-positive plasma cells (IgA ~ IgG > IgM). This IgA 
plasmocytosis was associated with a de novo expression of the secretory 
component (SC) in foveolar epithelial cells. In the complex system of trans
epithelial immunoglobulin secretion, the SC synthesized by mucosal ECs becomes 
attached to the dimeric IgA secreted by mucosal plasma cells. After combining the 
completed secretory immunoglobulin is transported through the ECs to the 
mucosal surface [18]. No staining for SC was detected in the ECs of the normal 
gastric mucosa, whereas an expression of SC was a constant finding in active 
stages of HP gastritis. Furthermore, all foci of intestinal metaplasia exhibited an 
intense epithelial staining for SC. 

IEL and Lymphocytic Gastritis in HP Infection 

The number of foveolar IEL was increased approximately twofold in common 
type B gastritis with HP colonization, and slightly elevated in type A gastritis 
without HP. The expression of the HML 1 antigen, the staining for T cell markers, 
and the ratio of CD 8-positive cells to CD 4-positive cells (3: 1) was similar to that 
in the normal mucosa. However, the percentage of T cells bearing y6-receptors 
was reduced to approximately 15 % of the IEL in active HP-induced gastritis. 

Two cases of lymphocytic gastritis exhibiting a tenfold increase of HML1-
positive IEL were observed in HP infection (Fig. 3 a, b). Both cases also showed an 
occurrence of lymphoid follicles and LP plasmocytosis predominated by IgA
producing plasma cells. The intense accumulation of IEL was only seen in the 

Fig. 3a, b. Lymphocytic gastritis in HP infection. a Intense accumulation ofeD 3-positive T cells 
in the epithelium of the surface and foveolae, x 240. b Demonstration of the HML1-antigen on 
the increased IEL, x 240 
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body mucosa. It was restricted to the epithelium of the mucosal surface and the 
pits, but did not affect the glands. 

Different immunophenotypes of IEL were observed in this lymphocytic 
gastritis. One case mainly showed an accumulation of intraepithelial T cells with 
yb-receptors, part of them being CD8- and CD4-negative. The second case 
exhibited no increase of the yb-T cells, but an intraepithelial aggregation of a.fi-T 
cells with CD 8 expression. 

Periglandular LP Lymphocytes 

An emphasis of periglandular T cell infiltrates and a focal aggregation of T cells 
immediately around the glands of the body mucosa were features in both cases 
of type A gastritis without HP. Counts demonstrated a periglandular accumu
lation of both CD4- and CD8-positive T cells. This periglandular clustering of 
T cells was not evident in type B gastritis without HP. Here the lymphocyte 
infiltrate of the glandular region showed either a random distribution or a 
formation oflymphocyte "streets" connecting basal and perifoveolar lymphocyte 
accumulations. 

Discussion 

Two major components of the MALT are generally distinguished [2]. On the one 
hand cell-mediated immunity is apparently provided by special subsets of T cells 
which are able to home in the epithelium. These IEL predominantly show CD8 
antigens, and some of them belong to the recently described T cell subpopulation 
expressing yb-receptors [6, 12, 14]. On the other hand humoral immunity is related 
to intramucosal lymphoid follicles and to plasma cells producing secretory 
immunoglobulins that can inhibit bacterial adherence, neutralize viruses and 
toxins, and prevent uptake of antigens impinging on mucous membranes [2, 18]. 

The coexistence of both components of the MALT characterizes the physio
logic immune system in the small and large intestine. In contrast, the normal 
gastric mucosa contains mainly T cells with a majority ofIEL, whereas B cells and 
plasma cells are extremely rare, and lymphoid follicles are absent. Therefore, the 
normal gastric mucosa apparently remains in a naive immune status with a cell
mediated immunologic monitoring of the mucosal integrity, but without active 
humoral immune responses. Mechanismus of a humoral mucosal immunoreactiv
ity are only seen in gastritis, and the rise of these processes seems to be an essential 
finding in type B gastritis. Some immunologic aspects of type B gastritis have 
already been described by other authors [7, 10, 21, 28-30]. The present study 
extends these findings by demonstrating distinct immunohistological patterns of 
the local response in HP colonization (Table 2). 

One feature of HP gastritis is the clustering of T cells and the increase of IDCs 
around the basal pits. These events take place in both inactive and active gastritis 
and may indicate an enhanced IDC-dependent antigen presentation and stimula
tion of T cells at this zone. Furthermore, basal lymphocyte aggregates consisting 
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Table 2. Immunophenotype and HP association of major immunohistological patterns in 
gastritis 

Immunohistological pattern Immunophenotype HP-Associated 

Perifoveolar lymphocyte T cells Yes 
clusters CD4>CD8 

Basal lymphocyte T cells> B cells Yes 
aggregates CD4>CD8 

Lymphoid follicles B cells ~ T cells Yes 
Ki-M4+ FDCs 

Plasmocytosis IgA ~ IgG > IgM Yes 

Accumulation of Ty<>+/CD8- Rarely 
intraepithelial lymphocytes or TIX/:I+/CD8+ 

Periglandular T cells No 
lymphocyte aggregates CD4=CD8 

ofT and B cells with a preponderance ofCD4-positive T cells are only rarely seen 
in the normal mucosa, but are constantly detected in inactive and active HP 
gastritis. Decisive interactions of T and B cells and a stimulation of B cells by T 
helper cells might happen at this basal site of the mucosa. The consequence could 
be a local B cell proliferation and rise of lymphoid follicles, which are also 
localized in the basal part of the mucosa and mostly occur in active stages of 
gastritis. In contrast, the accumulation of plasma cells is confined to the 
perifoveolar mucosal area. This distribution and the predominance of IgA
producing plasma cells signals a secretory humoral response to luminal antigens, 
the effectiveness of which is further underlined by the de novo epithelial expression 
of SC in HP gastritis. 

Experimental studies demonstrated that recombinant interferon-y secreted by 
lymphocytes and tumor necrosis factor-(J( produced by macrophages can upregu
late the epithelial expression offunctional SC in a dose-dependent manner [16,24]. 
Interferon-y can also induce an epithelial expression of HLA-DR antigens [23], 
which is restricted to the basal pits in the normal gastric mucosa but is strongly 
positive on all gastric epithelial cells in active gastritis. In vitro studies supported 
an important role of HLA-DR molecules in the induction of IgA and IgM 
production [15], and it was also shown that the magnitude of immune responses is 
related to the density of the HLA-DR expression [13, 17]. Furthermore, IgA
producing plasma cells tend to accumulate around HLA-DR-positive ducts in 
human salivary glands [1, 27]. 

Therefore, complex mechanisms of lymphoepithelial interaction and local 
immune regulation are involved in the mucosal immune responses [2]. The 
immunohistological patterns described in this study may provide some framework 
for the dynamic immune process taking place in HP gastritis. However, the 
sequence of the reactions outlined in Fig. 4 is still hypothetic and has to be 
supported by a functional analysis of progressing and resolving phases in the local 
response. Problems concerning the gastric immunity in HP infection are stressed, 
for example, by the rare occurrence of lymphocytic gastritis [5]. The intense 
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Fig. 4. Focal points and hypothetic sequence of the local immune reaction in HP colonization of 
the gastric mucosa 

accumulation ofIEL in this type of HP-associated gastritis is similar to findings in 
intestinal celiac disease [25] and might indicate a modulation of the local immune 
response due to host factors such as individual HLA determinants. On the other 
hand, special virulence factors of HP or other environmental immunogens could 
also be important. Finally, it has to be shown whether the different immuno
phenotypes in lymphocytic gastritis characterize transient or stable events of the 
local response. 

Since the immunohistological findings indicate an essential switch from the 
naive status of immunologic monitoring in the normal gastric mucosa to processes 
of an active local immune defense in HP colonization of the mucous membrane, 
two crucial questions have still to be addressed. One concerns the specificity of the 
local response to HP antigens. The finding of HP-specific immunoglobulins 
produced in the gastric mucosa [3,22], and the in situ demonstration of a HP-
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coating by immunoglobulins [32] certainly provide strong evidence that secretory 
mucosal antibodies are specifically directed to the bacteria. However, activated 
T cells clones specific for HP-derived antigenic determinants have still to be 
isolated from the gastric mucosa, and it has to be clarified whether other potential 
pathogens or environmental factors -like nutritional antigens - contribute to the 
mucosal immune stimulation. 

The other question concerns the pathogenic relevance and effect of the local 
immune defense in HP colonization. Periglandular T cell aggregates as in 
autoimmune gastritis were not observed in this study. Specific immunologic 
processes causing mucosal damage and/or glandular atrophy have not yet been 
demonstrated in HP infection. At least the inactive HP gastritis is reminiscent of 
the physiologic immunity in the large bowel colonized by various commensal 
bacteria. Therefore, some cases of inactive HP gastritis might characterize neither 
a starting nor a resolving phase of inflammation, but rather a persisting carrier 
stage of HP colonization with a balanced local immunity and without a risk of 
continuing mucosal damage. Precise clinicopathological definitions of initial, 
spontaneously regressing, persisting, and progressing stages in the natural course 
of the HP infection and the HP-induced immune reaction are still missing to a 
large extent and are urgently required with regard to formulating therapeutic 
strategies. 
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Risk of Peptic Ulcer in Gastritis 

P. SIPPONEN 

In the multifactorial pathogenesis of peptic gastroduodenal ulcer, chronic gastritis 
may influence both aggressive and defence mechanisms. Depending upon the 
grade and type of gastritis, chronic inflammation and coexistent atrophy of the 
underlying mucosa may decrease the mucosal resistance [16], but they may also 
lower the effect of aggressive factors, that is, acid and pepsin secretions from the 
gastric body (corpus) mucosa [23]. 

Chronic gastritis is a progressive lesion. It begins as a chronic inflammation and 
may slowly progress to an atrophy, i.e., to a loss of normal mucosal glands, and to 
a growth of new metaplastic epithelium and glands [19, 20, 24]. The progression of 
gastritis to atrophic endstages affects often dissimilarly the antrum and the corpus 
[20,22]. The atrophy may occur either in the antrum (B type of atrophic gastritis), 
in the corpus (A type), or in both (AB type). Correspondingly, the different atrophic 
endstages are dissimilarly linked to the impairments in gastric function and 
physiology [21,23]. The A and AB types of gastritis typically indicate hypochlor
hydria or even achlorhydria, whereas the acid output in the B gastritis is usually 
normal or even high. On the other hand, an impairment in the gastrin response is a 
typical phenomenon in the B or AB gastritis. Thus, it is understandable that the 
different grades and topographic types of gastritis may dissimilarly associate with 
the different gastric diseases such as duodenal (DU) or gastric ulcer (aU) [21]. 

Based on convincing evidence [47], a microbial origin and cause is suggested in 
the pathogenesis of gastritis, particularly in the types which tend to progress to the 
B or AB types of atrophic gastritis. In the early phases of the progression of 
gastritis (superficial gastritis) over 90% of subjects show a colonization of 
Helicobacter (Campylobacter) pylori (HP), or related bacteria, at the gastric 
surface epithelium [8, 12, 13]. 

HP certainly has noxious metabolic and immunologic properties which are 
capable of distorting the integrity of gastric or duodenal mucous membrane [4, 7]. 
Because of the common occurrence of the bacterium in both gastritis and ulcer 
patients, the cause and the pathogenesis of ulcer is often suggested to be causally 
related to these bacteria. It could be more plausible, however, that HP is a 
common cause of gastritis and that the gastritis itself also exerts influences in the 
pathogenesis ofDU and au [3, 8, 15]. The recent epidemiologic data support this 
view. The risk and probability ofDU and au can be shown to be strongly related 
to the presence, to the particular types and grades of gastritis [16, 17]. In addition, 
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the studies suggest a "dose-response-like" relationship between the grade of gastritis 
and the ulcer risk, supporting the possibility that gastritis (and previous HP 
infection) has a causative role in the pathogenesis of DU and GU, instead of the 
role and influence of HP alone. 

Association Between Gastritis and Peptic Ulcer 

Although gastritis is extremely common in the general population [18], it is yet 
more common in patients with DU or GU. A great number of epidemiologic 
studies have convincingly shown already decades ago that a normal, nongastritis 
stomach is exceptional in the ulcer patient, if those patients are excluded in whom 
the ulcer is probably induced by some drugs (acetosalisylic acid or other NSAIDs) 
[1,2,5,6,9-11,14]. 

In Tables 1 and 2, the age-adjusted relative risks (RR) ofDU or GU in different 
grades of antral and corpus gastritis (superficial gastritis, slight, moderate, or severe 
atrophic gastritis) are presented when the risk of ulcer in the presence of normal 
mucosa is considered as a baseline reference (RR = 1). These calculations are 
epidemiologic estimates and are based on case-control approaches involving ulcer 
patients and nonulcer controls [16]. They suggest an extremely strong association 
between gastritis and peptic ulcer. 

A simple generalization is that the grade of antral gastritis correlates posi
tively and linearly with the risk of peptic ulcer, whereas an opposite relation
ship exists in the correlation between the corpus gastritis and the ulcer risk. 
In patients with gastritis of the B type (antral mucosa is markedly atrophic but 
corpus mucosa is nonatrophic), the RR of DU or GU can be estimated to be 30 
times higher than the risk of ulcer in patients with normal stomach. On the other 
hand, the ulcer risk is again very low in subjects with gastritis of the A or AB type 
[16]. 

Table 1. Age-adjusted relative risk (RR) of duodenal (DU) or gastric ulcer (GU) in different 
grades of antral gastritis. [From 16] 

Mucosa Patients/Controls RR CI95 

Males 
N 15/184 1.0 
S 197/196 12 7-20 
A1 63/33 22 12-42 
A2-A3 42/19 19 9-38 

Females 
N 17/271 1.0 
S 134/246 7 5-12 
A1 58/61 10 6-17 
A2-A3 22/28 9 4-18 

N, normal mucosa; S, superficial chronic gastritis; A 1-A3, slight, moderate or severe gastritis; 
CI95 = 95 % confidence interval 
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Table 2. Age-adjusted relative risk (RR) of duodenal (DU) or gastric ulcer (GU) in different 
grades of body gastritis. [From 16] 

Mucosa Patients/Controls RR CI95 

Males 
N 69/221 1.0 
S 211/155 4 3-6 
A1 15/30 1 0.5-2 
A2-A3 3/23 0.2 0.1-0.6 

Females 
N 57/289 1.0 
S 138/218 3 2-4 
A1 16/47 1 0.6-2 
A2-A3 7/49 0.4 0.1-1.2 

N, normal mucosa; S, superficial chronic gastritis; A 1-A3, slight, moderate or severe gastritis; 
CI95 = 95 % confidence interval 

The gastritis-ulcer relationship is easily explained by alterations in the 
physiology of the underlying mucosa. In AB gastritis, the gastritis- (and HP-) 
related negative effects on the mucosal resistance are opposed by low acid and 
pepsin secretion from the corpus mucosa, resulting in a marked decrease of ulcer 
risk. Correspondingly, an imbalance between the aggressive and defence mecha
nisms can be seen to be highest in patients with B gastritis, a gastritis in which the 
epidemiologic estimates of the ulcer risk are highest indeed [16]. 

The Preceding Role of Gastritis in Peptic Ulcer Disease 

The concept of the role of gastritis as a risk factor for peptic ulcer implies that the 
inflammation (and the HP infection) precedes the ulcer formation. An association 
between gastritis and ulcer may mean that the gastritis is a simple result of ulcer, or 
that the gastritis and the ulcer are only independent parallel phenomena instead of 
forming a causative sequence. Some available epidemiologic data support the view 
of the causative sequence from gastritis to ulcer formation [16]. However, direct 
follow-up data on this matter are scanty, and our knowledge is nearly solely based 
on cross-sectional analyses of gastritis in ulcer patients and in varying control 
populations. 

In regard to the cumulative risk of DU or GU, a short summary of the results 
from a recent 10-year follow-up of patients with or without gastritis (unpublished 
data) is presented in Table 3. In this follow-up, new symptomatic DU or GU cases 
were found nearly entirely in the patients who had gastritis in the initial 
endoscopy. Only one patient had contracted ulcer within the follow-up 
period without evidence of gastritis at the beginning of follow-up. She developed 
pyloric GU 10 years after the first endoscopy (there was gastritis in both the 
antrum and body at the time of diagnosis of ulcer). 

In the follow-up, the cumulative risk of peptic ulcer was particularly accen
tuated in the middle-aged males (40-60 years of age) who had superficial antral 
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Table 3. Cumulative prevalence of new duodenal (DU) or gastric ulcer (GU) cases in 10-year 
follow-up of patients with or without gastritis in antrum and body (males and females as a 
common group) 

Antrum/Body Total DU or GU in follow-up 
no. 

no. Percentage 

N/N 133 1 0.8 
S-A3/N-S 233 29 12.4 
S-A3/A2-A3 22 1 4.5 

N, normal; S, superficial chronic gastritis; AI-A3, slight, moderate, or severe atrophic gastritis 

gastritis or atrophic gastritis of the B type in the initial endoscopy. Approximately 
every fourth male was recorded to have contracted symptomatic DU or GU 
within the follow-up period. 

The available follow-up data are in line with the data from epidemiologic cross
sectional case-control studies: there is an approximately tenfold increase in ulcer 
risk in the presence of antral gastritis in general, this risk increasing further to up 
to some tenfol in the presence of type B gastritis. Correspondingly, the cumulative 
risk and probability of DU or GU is low in subjects with normal stomach or in 
those who show marked atrophic alterations (moderate or severe atrophic 
gastritis) in the gastric body. 

Conclusions 

Gastritis is strongly associated with peptic ulcer. Gastritis precedes the formation 
of ulcer, and it can be seen as a risk factor for peptic ulcer, for both DU and GU. 
The risk of DU or GU is increased up to 10 to 30-fold in the presence of antral 
gastritis compared with ulcer risk in subjects with a normal stomach. In middle
aged males, the 10-year cumulative risk and probability of symptomatic peptic 
ulcer are highest and can be approximated to be even 20 % - 30 % in the 
occurrence of antral gastritis. On the other hand, the presence of atrophic gastritis 
in the body mucosa markedly decreases this risk, both in males and females, to the 
level which is nearly indistinguishable from the risk in a normal stomach. In the 
presence of a normal stomach, the risk and cumulative propability of symptotic 
DU and GU can be estimated to be very low (at most a few percent) in both males 
and females. 
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Differences Between Helicohacter pylori Associated 
Gastritis in Patients with Duodenal Ulcer, Pyloric Ulcer, 
Other Gastric Ulcer, and Gastritis Without Ulcer 

S. EIDT and M. STOLTE 

Introduction 

Helieobaeter (Campylobaeter) pylori (HP) is the main causal agent of type B 
gastritis [1- 3]. The spectrum ofHP-associated pathology extends from gastritis in 
the absence of lesions, duodenal ulcer, and pyloric ulcer, to gastric ulcer [4]. We 
undertook a study to establish whether, among these various groups, differences 
in the density of colonization by HP or in the degree or the activity of gastritis can 
be found. 

Material and Methods 

Our investigations covered 1258 cases in which at least two biopsy specimens each 
from the antrum and body were available (450 cases of duodenal ulcer, 78 cases of 
pyloric ulcer, 70 cases of gastric ulcer in other regions, and 660 cases of gastritis 
without lesions). The degree ofHP colonization and the degree and the activity of 
gastritis were scored semi quantitatively according to Stolte et al. [3] in sections 
stained with hematoxylin and eosin, and Warthin-Starry. In addition, the HP 
colonization in each group was estimated by adding the results of each case and a 
final division by the number of patients. In the same way a mean gastritis score 
uniting the lymphoplasmocellular and the neutrophil polymorph infiltrations was 
evaluated. The results were separately considered for the antrum and body. 
Statistical evaluation was done using the chi-squared test. 

Results 

The age distribution revealed the well-known predominance of younger patients 
in the case of duodenal ulcer (Table 1), while the sex distribution demonstrated the 
dominance of men in the cases of all peptic ulcers (Table 2). 

An analysis of the differing density of HP colonization in the antrum and body 
revealed that colonization by HP in duodenal and pyloric ulcer is virtually 
identical and high-grade in more than 60 %. The groups of patients with type B 
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Differences Between Helicobacter pylori Assiociated Gastritis in Patients 

Table 1. Distribution of ages in the different groups of gastritis 

Duodenal ulcer 
Pyloric ulcer 
Other gastric ulcer 
Without ulcer 

Mean age (years) 

49.2+14.6 
54.0+12.7 
57.9+13.5 
53.2+14.8 

Table 2. Sex distribution in the different groups of gastritis 

Men:women 

Duodenal ulcer 2 : 1 
Pyloric ulcer 2.3: 1 
Other gastric ulcer 1.7: 1 
Without ulcer 1.1 : 1 

229 

gastritis but no lesions and with gastric ulcer showed a low level of colonization of 
the antral mucosa by HP (Fig. 1). These differences were statistically significant. 
In contrast, an analysis of HP colonization in the body revealed, vis-a-vis the 
antrum, a smaller density of HP colonization and no significant differences 
between the groups (Fig. 2). 
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(n = 450) (n = 78) (n = 70) (n = 660) 

Fig.I. H. pylori (HP) colonization in the antrum (UD, duodenal ulcer; UP, pyloric ulcer; UV, 
other gastric ulcer; BG, gastritis without ulcer) 
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Fig. 2. HP colonization in the body 

The degree of gastritis, that is, the density of infiltration of the lamina propria 
with lymphocytes and plasma cells, is, overall, greater in the antrum than in the 
body. In contrast to the three ulcer groups, only in the group of gastritis without 
lesions a lower grade of gastritis could be found (Fig. 3). In the body, gastritis is, 
for the most part, only low-grade. A higher grade is observed only in the case of 
gastric ulcer (Fig. 4). Both distributions reach statistical significance. 

The activity of gastritis, that is, the density of the infiltration of the lamina 
propria with neutrophil granulocytes, is, overall, again greater in the antrum than 
in the body, in particular in the case of the duodenal ulcer and pyloric ulcer groups. 
In contrast to this, the inflammatory activity was appreciably lower in gastric ulcer 
and type B gastritis without lesions groups (Fig. 5). Within the body, it was 
observed that the activity of gastritis is appreciably greater in the gastric ulcer 
group than in the three other groups (Fig. 6). Statistical significance was reached 
both in the antrum and in the body. 

If the results are summarized in the form of mean score values, itis first observed 
that the HP score is higher in the antrum than in the body and that the most dense 
colonization occurs in the antrum in the case of duodenal ulcer and pyloric ulcer 
(Fig. 7). Within the body, in contrast, there are no differences in the HP scores 
(Fig. 8). 

In contrast, an analysis of the gastritis score reveals a reversal of this picture: in 
the antrum, the score computed on the basis of the summation of lymphocytes, 
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Fig. 3. Degree of antral 
gastritis 

Fig. 4. Degree of body 
gastritis 

0/0 
100 

75 

50 

25 

o 

0/0 

100 

75 

UD UP UV 
(n = 450) (n = 78) (n = 70) 

03 

UD UP UV 
(n = 450) (n = 78) (n = 70) 

231 

BG 
(n = 660) 

BG 
(n = 660) 



232 

UD UP 
(n = 450) (n = 78) 

UD UP 
(n = 450) (n = 78) 

UV 
(n = 70) 

UV 
(n = 70) 

BG 
(n = 660) 

BG 

(n = 660) 

S. Eidt and M. Stolte 

Fig. 5. Activity of 
antral gastritis 

Fig. 6. Activity of 
body gastritis 
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Fig.7. Score of antral 
HP colonization 

Fig. 8. Score of body 
HP colonization 
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plasma cells, and neutrophil granulocytes is high for all the ulcer groups; the 
gastritis is least pronounced in patients with no ulcers (Fig. 9). In the body, 
however, there are obvious differences. Here, gastritis is least marked in the case of 
duodenal ulcer and most pronounced in the case of gastric ulcer (Fig. 10). 
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Fig. 9. Score of antral 
gastritis 

Fig. 10. Score of body 
gastritis 

The results in the groups of duodenal and pyloric ulcers are very similar especially 
concerning the HP colonization of the antral mucosa (see Fig. 1), the activity of 
the antral gastritis (see Fig. 5), and the antral HP score (Fig. 7). On the other hand, 
the results of the group of gastric ulcer patients concerning the degree and activity 
of body gastritis are clearly higher than in all the other groups (Fig. 4, 6) - a fact 
well represented in the gastritis mean score (Fig. 10). In conclusion, we propose 
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Fig. 11. Model of the hypothetical relevancy of the different areas of antral and body mucosa 

that future investigations of gastric ulcer should separate the results of pyloric and 
other gastric ulcers. 

At the present time we can only speculate regarding the possible reasons for 
these differences. The fact that the inflammatory reaction to HP in the body of the 
stomach is, overall, less pronounced than in the antrum can be explained by the 
neutralization ofNH3 by Hel in the body. The question as to whether the age of 
the patient and/or the duration of gastritis leads to a pylorocardial expansion, and 
thus to reduced acid secretion, less NH3 neutralization, and more pronounced 
gastritis in the body, remains to be answered by longitudinal studies. 

On the other hand, however, the question must also be reexamined as to 
whether, perhaps, all these differences might not be a reflection of an inherent 
variability in the size of the area of the body and antral mucosa [5, 6]: an antral HP 
infection in patients with a large area of body mucosa could stimulate an 
enormous increase in gastric acid output and thus lead to peptic ulcer in the pyloric 
or duodenal region (Fig. 11). A large area of antral mucosa could lead to an 
angular ulceration after HP infection, because in addition to the damage the 
infection does to the mucosa, high mechanical stress and poor blood supply in this 
region can be demonstrated. An intermediate division of the stomach mucosal 
surface would then lead to gastritis without ulcer. If this were the case, in addition 
to other ulcerogenic factors, the difference in antral and body mucosal area might 
possibly be a contributing factor to the solution ofthe problem as to why it is that, 
after HP infection, a patient can develop only gastritis, or a duodenal ulcer, or a 
pyloric ulcer, or a gastric ulcer. If this speculation were to be confirmed by 
longitudinal studies, it might prove possible to predict the development of an ulcer 
on the basis of the grade, activity, and topography of gastritis in the antrum and 
body. 
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Lymphocytic Gastritis 

J. HAOT, A. JOURET, and P. MAINGUET 

Definition and Diagnostic Criteria 

Lymphocytic gastritis is a newly described clinicopathological entity first reported 
in 1985 and 1986 by Haot et al. It is characterized by a dense lymphocytic 
infiltration of surface and pit gastric epithelium often extending to the gastric 
glands where it is, however, less prominent [9, 10, 12]. 

The histological features of the disease are striking. At low magnification, the 
epithelium appears intensely basophilic and punctuated by numerous small dark 
dots; at higher magnification, these are small lymphocytes, with scanty cytoplasm 
and a dense, irregular, cleaved nucleus, most often closely apposed to the epithelial 
cell membrane and surrounded by a clear halo (Figs. 1,2). The diagnostic 
hallmark of the disease is the presence of intraepitheliallymphocytes, the other 
histological features being less prominent. Although mucosal thickness is, in 
general, within the normal range, there is some focal edema and elongation of the 
glandular pits. A lymphoplasmacytic infiltrate, albeit slight in some observations, 
is present in the lamina propria. There is no correlation between the intensity of 
lamina propria inflammatory reaction and the epithelial lymphocytic infiltration. 
Erosion leads to a more complex picture; the inflammatory infiltration of the 
lamina propria is denser and often of a mixed type. Cryptitis and crypt abcesses 
[12] are found. 

Statistical Data 

Prevalence of Lymphocytic Gastritis 

Two thousand archival cases diagnosed as chronic gastritis were reviewed for the 
presence of dense lymphocytic intraepithelial infiltrates to determine the preva
lence of lymphocytic gastritis in a routine workload; approximately 4 % were 
reclassified as lymphocytic gastritis, the rest being for the most part the usual types 
of chronic gastritis, poor in intraepitheliallymphocytes [10]. This prevalence has 
since been confirmed [5]. 

Service d' Anatomie Pathologique 
Service de Gastroenterologie, Universite Catholique de Louvain, Cliniques Universitaires 
St-Luc, Avenue Hippocrate 10, B-1200 Bruxelles, Belgique 
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Age and Sex Incidence 

J. Haot et al. 

Fig. 1. Lymphocytic gas
tritis. Low magnification 
( x 6). Surface and pit 
epithelium punctuated by 
numerous small dark dots 

Rarely seen in young children, lymphocytic gastritis appears mostly as a disease of 
late adulthood. In our series of 87 petients the average age was 54.9 ± 4.6 years 
which is comparable to the age (54.2 + 3. 7 years) of patients with other types of 
chronic gastritis [10]. We have previously reported a males/females ratio of 0.8 
[10]. Dixon et al. [5] also recorded a female preponderance (males/females: 1: 1.8). 
However, in a larger series we obtained a ratio closer to 1/1 (unpublished data). 

Lymphocyte Counts 

Lymphocyte counts were performed on cases of lymphocytic gastritis, chronic 
active gastritis, and normal stomachs. The ratio of the number oflymphocytes to 
the number of surface epithelial cells was found to be seven times higher in 



Lymphocytic Gastritis 239 

Fig. 2. Lymphocytic gastritis, higher magnification ( x 40). Intraepithelial lymphocytes are 
surrounded by a clear halo; their nuclei are dark and irregular 

lymphocytic gastritis than in chronic gastritis and 20 times higher than in normal 
mucosa [9]. 

More recently, we found an average of 57 lymphocytes per 100 epithelial cells in 
lymphocytic gastritis, while in chronic active gastritis the figures were 3.4 per 100 
epithelial cells and in normal mucosa 2.5 per 100 epithelial cells. These results 
(Student's t test) were highly significant compared with both chronic gastritis and 
normal mucosa (P < 0.001). Even in this large series (54 cases of lymphocytic 
gastritis), there was no overlap in lymphocyte counts between lymphocytic 
gastritis and the other groups [14]. 

Dixon et al. [5] obtained similar results on 17 cases oflymphocytic gastritis with 
an average of 55.3 ± 19.5 lymphocytes per 100 epithelial cells while in chronic 
Helicobacter-positive gastritis the figures were 3.7 ± 1.3. Moreover, no significant 
differences were found when biopsies were repeated 6-22 weeks after a first 
endoscopy. 

Anatomoclinical Correlations 

Endoscopic Data 

We observed at an early stage, that lymphocytic gastritis exhibited unusual 
endoscopic findings. A first retrospective study of 46 cases showed that the nature 



240 J. Haot et al. 

and topography of the endoscopic lesions were totally different from the usual 
chronic active gastritis. In chronic active gastritis, the inflammation was generally 
diffuse, giving a reddish tint to the mucosa, the vascular network of which 
appeared irregular and congestive; when erosions were present, they were usually 
flat with an irregular outline. Inflammation was maximal in the antrum while the 
fundus was relatively spared. 

In lymphocytic gastritis, this type of appearance was uncommon. In the 
majority (67 %), lesions predominated in the body and consisted of elevated 
nodules with an indurated base (aphthoid nodules) [11]. More recently, in a 
prospective study, we demonstrated the endoscopic appearance of lymphocytic 
gastritis to be a complex picture of thickened rugal folds often crossed by large 
serpiginous ulcerations and punctuated by numerous aphthoid nodules [12]. 

Clinical Data 

Patients with chronic active gastritis presented with vague epigastric pains, those 
with lymphocytic gastritis often suffered, in addition, from anorexia and weight 
loss. Cases of rapid emaciation have been reported in which deterioration of the 
general condition was so prononced as to simulate gastric cancer [11]. 

Relationship with Varioliform Gastritis 

Varioliform gastritis is an endoscopic condition first reported in 1947 by Moutier 
and Cornet [19] who described two cases; more recently, Lambert et al. [18] 
redefined the condition that they called diffuse varioliform gastritis as: "character
ized by large folds in the fundus and erosive mucosal bulges disseminated in the 
fundus and antrum." 

Lambert et al. [18] considered separately a second type of va rio Ii form gastritis, 
limited to the antrum that received the name of antral varioliform gastritis. 
Descriptions clearly fitting those of varioliform gastritis have been reported by 
different authors under various names such as chronic erosive gastritis, octopus 
sucker gastritis, chronic verrucous gastritis [6,8,21]. 

It appeared clear from our earliest research that the endoscopic features of the 
majority of cases of lymphocytic gastritis were very similar to those of diffuse 
varioliform gastritis. Both retrospective and prospective studies were undertaken 
to compare these two conditions. 

Retrospective Studies 

From the files of the department of gastroenterology 192 cases were selected on 
the basis of a presumed diagnosis of varioliform or erosive gastritis. Two 
pathologists reviewed the biopsy material independtly; 92 cases were diagnosed as 
lymphocytic gastritis while 100 were classified as non-specific gastritis. A close 
correlation was found between the endoscopic diagnosis of varioliform gastritis 
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and the histological diagnosis of lymphocytic gastritis (48 cases out of 58). The 
correlation improved when the endoscopic descriptions were reviewed. In contrast 
to "nonspecific gastritis," most of the cases of lymphocytic gastritis had a quite 
typical endoscopic pattern of enlarged folds and aphthoid nodules nearly always 
predominating in the fundic region [12]. 

In collaboration with Lyon Medical School, we had the opportunity of 
reviewing some of the cases of va rio Ii form gastritis used by Lambert et al. [17,18] 
and Andre et al. [1- 3] in their studies on varioliform gastritis. Here, too, we found 
an excellent correlation between the histopathological diagnosis of lymphocytic 
gastritis and the clinical diagnosis of diffuse varioliform gastritis (26 out of 35 
original cases were lymphocytic gastritis). The discrepancies were healed varioli
form gastritis, Crohn's disease, and varioliform gastritis limited to the antrum 
[13]. 

Prospective Studies 

Three endoscopists and two pathologists devised these studies to establish the 
correlation between lymphocytic gastritis and varioliform gastritis. They agreed 
on a clear definition of varioliform gastritis, as a complex pattern of enlarged 
rugal folds and of widespread (aphthoid) nodules most often disseminated along 
the rugae in a string-like fashion. According to the topography of the lesions, three 
subgroups were identified: diffuse when the whole stomach was involved and 
fundic when the lesions were restricted to the body or antral when restricted to the 
antrum. During a period of 3 years, the endoscopists diagnosed 66 cases of 
varioliform gastritis, 54 of which were lymphocytic gastritis. When the different 
subgroups of varioliform gastritis were considered separately, the correlation 
was even better. The 35 cases of diffuse varioliform gastritis and 18 out of 20 
cases of fundic varioliform gastritis were histologically lymphocytic gastritis. 
Conversely, only 1 of 11 antral varioliform gastritis cases showed features 
of dense lymphocytic intraepithelial infiltration characteristic of lymphocytic 
gastritis. 

A cross check was made by screening all the gastric biopsies performed by the 
three endoscopists during the same period (4840 biopsies) in search oflymphocy
tic gastritis. In addition to the 54 cases of va rio Ii form gastritis, 13 cases were found 
bringing the total number of cases of lymphocytic gastritis in the series to 67. 
These results confirm, in accordance with the previous work of Lambert et al. [18], 
that there are two types of va rio Ii form gastritis. The first predominates in the body 
or involves the whole stomach: this is the usual endoscopic expression of 
lymphocytic gastritis. The second is confined to the antrum and has no clear 
histological counterpart; it includes examples of chronic active Helicobacter (or 
Campylobacter) positive gastritis and reflux gastritis, cases of a poorly known 
condition of antral edematous and fibrotic nodules [7, 20], and even exceptional 
cases of lymphocytic gastritis. Although varioliform gastritis is the common 
endoscopic appearance of lymphocytic gastritis, our study demonstrates that a 
small proportion of lymphocytic gastritis (20 %) has no clear endoscopic 
counterpart. This small group of "silent" lymphocytic gastrites is presently under 
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study; unpublished data suggest that some of the cases correspond to "endoscopi
cally" healed varioliform gastritis. 

Relationship with Helicobacter Infection 

Dixon et al. [5] found that 41 % of 17 cases of lymphocytic gastritis were 
Campylobacter positive, as opposed to 90% of cases of chronic active gastritis. 
Our figures were lower, involving less than 20 % of cases of lymphocytic gastritis 
and 65 % of chronic gastritis [22]. It would appear that lymphocytic gastritis 
confers relative resistance to Helicobacter infection. 

Immunological Data 

Study of Mucosal Plasma Cells 

Andre et al. [1- 3] stated that varioliform gastritis was a form of delayed immunity 
expressed by a large increase of IgE plasma cells. Controversy has arisen about 
these results. Our own studies comparing groups of lymphocytic gastritis with 
varioliform features and chronic active gastritis could not reveal any differences as 
far as IgE plasma cells of the lamina propria were concerned [15]. 

Study of the Intraepithelial Lymphocytes 

Dixon et al. [5], in a retrospective study on paraffin blocks have shown that in 
lymphocytic gastritis, the intraepitheliallymphocytes were T cells. Our studies on 
cryostat sections have confirmed these findings and demonstrated that most of 
these cells belong to the T8 "cytotoxic supressor" subtype with a rather small 
proportion of T4 "helper/inducer" subtype. In the lamina propria, the T 
lymphocytes were quite numerous with a slight predominance of T 4 subtype. 
B cells were absent from the epithelium and were rare in the lamina propria [16]. 

Pathogenesis 

Very little is known about the etiology of lymphocytic gastritis. The dense 
intraepithelial infiltrate of T lymphocytes and the relative proportion of T 8 and 
T 4 subtypes are comparable to observations in celiac disease suggesting a 
possible role of immunological factors. However, the progression of the two 
diseases is very different since lymphocytic gastritis resolves in about 50 % of cases 
after period of 1-2 years [4], while (in adults at least celiac disease can only be 
cured by withdrawal of gluten. Studies are under way to identify the lymphocyte 
subtypes, possibly leading to a more precise interpretation of the pathogenesis of 
lymphocytic gastritis. 
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Conclusion 

Lymphocytic gastritis is a new entity characterized by a dense infiltration of the 
gastric surface and pit epithelium by T lymphocytes. Its usual endoscopic 
appearance of enlarged folds and raised nodules is that of diffuse of fundic 
varioliform gastritis. There is no correlation between lymphocytic gastritis and 
antral varioliform gastritis which seems to constitute a different, heterogeneous 
condition with no precise histological counterpart. Lymphocytic gastritis can cure 
spontaneously in about 50 % of cases after a period of 1-2 years. Its etiology is 
unknown. The histological similarity with celiac disease suggests a possible role of 
immunological factors. 
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Exocrine and Endocrine Epithelial Changes in 
Types A and B Chronic Gastritis * 
E. SOLCIA, C. CAPELLA, R. FIOCCA, M. CORNAGGIA, G. RIND!, L. VILLANI, 
F. BOSI, and L. AMBROSIANI 

Gastritis-associated epithelial changes are known to have a major role in the 
pathogenesis of gastric diseases such as peptic ulcer and exocrine or endocrine cell 
neoplasia [1, 26, 27, 31, 33]. Thus, a careful cytologic characterization of these 
epithelial changes at the light and electron microscopy level should prove helpful 
in understanding the cause and evolution of such diseases. 

In the present investigation, atrophic, hyperplastic, or metaplastic lesions of 
exocrine and endocrine epithelia in type A, type B, or cancer-associated chronic 
gastritis are analysed using a panel of histochemical methods as well as electron 
microscopy to characterize their differentiation patterns. 

Material and Methods 

The following material was investigated: (a) Endoscopic biopsies or surgical 
specimens from 30 cases of type A chronic atrophic gastritis (CAG), 17 of which 
were with associated gastric argyrophil carcinoids and one with a pyloric G cell 
tumor [24, 33]. (b) Endoscopic biopsy specimens of antropyloric and corpus
fundus mucosa from 100 consecutive patients with type B chronic gastritis, mostly 
suffering from dyspepsia (66) or peptic ulcer (15 duodenal and 11 gastric). 
(c) Gastrectomy specimens of 68 patients suffering from early gastric cancer [32]. 

To paraffin sections of formaldehyde-fixed tissues the following methods were 
applied: (a) hematoxylin-eosin and Giemsa stain for typing of gastritis and search 
for Helieobaeter (Campylobaeter) pylori [10]; (b) alcian blue-periodic acid-Schiff 
(PAS), alcian blue high iron diamine (HID), and periodic acid-concanavalin A 
(PACONA) reactions for gastrointestinal mucins [9]; (c) Sevier-Munger's or 
Grimelius' silver for endocrine cells [14]; and (d) immunoperoxidase using 
antibodies against pepsinogen I and II, M 1 antigen of gastric surface cell mucin, 
M 3 antigen of intestinal goblet cells, CAR-5 intestinal antigen, chromogranin A, 
serotonin, gastrin, somatostatin, pancreatic polypeptide (PP), glucagon, entero-
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glucagon, cholecystokinin, motilin, secretin, gastric inhibitory polypeptide (GIP), 
and neurotensin [8, 12, 33]. 

Samples of gastric mucosa were fixed in formaldehyde-glutaraldehyde solution, 
postfixed in osmium tetroxide, and embedded in Epon. Ultramicrotomic sections 
were stained with uranyl and lead or with immunogold procedures for gastrin, 
pepsinogen I, or pepsinogen II, as previously reported [4]. 

Results 

Type A Gastritis 

In fundic-type mucosa, the dominant finding was oxyntic gland atrophy with 
disappearence of parietal and chief cells. However, hyperplastic changes of 
foveolar, mucous neck, and endocrine cells were also frequently found (Figs. 1-
4). In addition, pyloric- or intestinal-type metaplasia of the gastric epithelium, 
simultaneously involving its endocrine and exocrine components, was observed. 

Fig. 1. Hyperplastic mucous neck cells stained 
using the PACON A technique for gastric 
mucin. Note nonreactivity of foveolar cell 
mucin in the upper part and lack of PACON A
negative chief and parietal cells in the deeper 
part of the mucosa; X 240 

Fig. 2. Gastrin-immunoreactive cells in an 
area of pyloric-type metaplasia. Note foveolar 
hyperplasia in the upper part and mucous neck 
cell hyperplasia in the right lower part of the 
micrograph. Immunoperoxidasehematoxylin, 
X160 
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Both foveolar hyperplasia and intestinal metaplasia were easily recognized in 
conventional histologic preparations. Separation of mucous neck hyperplasia (so
called pseudopyloric metaplasia) from pyloric-type metaplasia was better 
achieved with the aid of histochemical markers (Figs. 1-3 and Table1). The 
presence of mucous neck and argyrophil enterochromaffin-like (ECL) cells in the 
absence of gastrin cells was distinctive of the former lesion. Mucous neck cells 
were characterized by their simultaneous expression of pepsinogens I and II as 
well as of PACONA-reactive mucin [4, 9], while ECL cells were stained with 

a 
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Fig. 3a, b. Pepsinogen I (a) and pepsinogen II (b) immunostaining of two consecutive sections of 
type A CAG. Note an area of pyloric-type metaplasia (center of the micrograph in a) lacking 
pepsinogen I while retaining pepsinogen II expression. Foci of mucous neck hyperplasia show 
both pepsinogen I and II, while the foveolar-superficial epithelium lacks both. Immuno
peroxidase-hematoxylin; a = b, X 90 



248 E. So1cia et al. 

Table 1. Gastric type markers in gastric metaplasias 

Metaplasia POI ECL cells PGIl PACONA Gastrin cells 

Pyloric NEG NEG POS POS POS 
Pseudopyloric POS POS POS POS NEG 
Intestinal 

Complete NEG NEG NEG NEG N/P 
Incomplete NEG NEG POS POS N/P 

Normal mucosa 

Pyloric glands NEG NEG POS POS POS 
Fundic glands, neck POS POS POS POS NEG 
Fundic glands, body POS POS POS NEG NEG 
Intestinal crypts NEG NEG NEG NEG N/P 

NEG, negative; POS, positive; N/P, negative/positive 

, chromogranin A antibodies and Grimelius' or Sevier-Munger's silver, in the 
absence of reactivity with Masson's argentaffin reaction [30, 33]. 

The general morphology of the two histochemically characterized lesions was 
distinctive, pyloric-type metaplasia often showing more branched or coiled 
tubules formed of larger cells with clearer cytoplasm and more basally flattened 
nucleus. In less severely affected mucosa, transitional patterns between oxynti
co peptic glands and pure mucous neck hyperplasia were found, either in the form 
of residual chief cells (large, basophilic, PACON A-negative, pepsinogen-positive 
cells) at the bottom of some glands or as surviving parietal cells scattered among 
the overwhelming population of mucous neck cells. More or less extensive mucous 
neck hyperplasia was found in all cases of type A atrophic gastritis. Morphologi
cally defined pyloric-type metaplasia was observed in eight of the twelve cases 
investigated, mainly as multifocallesions, with accompanying gastrin cells in four 
cases (Fig. 2). 

In addition, a somewhat mixed pyloric/pseudopyloric lesion was observed, 
showing pyloric-type necks with G cells coupled to PGI-positive glands. 

Intestinal metaplasia was mainly of complete, small intestine type, and 
composed of columnar enterocytes with straight, rooted microvilli, goblet cells, 
and intestinal-type endocrine cells (especially intestinal subtypes of entero
chromaffin cells and cholecystokinin, motilin, neurotensin, and enteroglucagon 
cells) with or without Paneth cells. 

Diffuse, linear, or micronodular hyperplasia of the argyrophil endocrine cells 
was a regular finding in the corpus and fundus mucosa affected by type A chronic 
atrophic gastritis (Fig. 4 a). 

In general, the nature of the endocrine cells was in keeping with that of their 
accompanying exocrine epithelium; however, the hyperplastic endocrine cells 
forming the micronodules disseminated in the lamina propria were mostly 
composed of gastric fundic-type cells, as suggested by the frequent detection of 
ECL cells at ultrastructural investigation. Minute hyperplastic micro nodules were 
found in 11 of 12 type A CAG patients lacking endocrine tumors and in all the 15 
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Fig. 4a, b. Micronodular and linear hyperplasia of argyrophil endocrine cells in type A CAG with 
extensive atrophy of oxyntic glands and sclerosis, b Enlarging micronodule infiltrating the lamina 
propria in between hyperplastic mucous neck glands: a putative "precarcinoid" lesion in a type A 
CAG with carcinoidosis. Grimelius' silver; a X 110; b X 300 
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patients showing endocrine tumors. In addition, small, argyrophil, structurally 
atypical growths (Fig. 4 b) interpreted as dysplastic or "precarcinoid" lesions [33-
35] were found in only one of the former and in all but one of the latter cases, most 
of which showed multiple carcinoids (carcinoidosis). Disseminated precarcinoid 
lesions (precarcinoidosis) were also found in the corpus-fundus region of the CAG 
patient showing a gastrin cell tumor in the pyloric mucosa. 

Of the 33 cases of nonantral gastric endocrine tumors we have investigated so 
far, 21 (64 %) developed against a background of type A chronic atrophic gastritis. 
Of these, one was a poorly differentiated endocrine carcinoma. Of the remaining 
20 well differentiated endocrine tumors, none metastatic, 17 (85 %) showed 
more or less abundant argyrophil ECL cells, thus corroborating their potential for 
fundic-type differentiation. In addition, D tiP cells, gastric-type enterochromaffin 
cells, somatostatin cells, and, occasionally, even pancreatic polypeptide or gastrin 
cells were found. In one case, gastrin cells were the dominant component of the 
tumor. This was coupled with extensive, gastrin cell-rich, pyloric-type metaplasia 
in the surrounding nontumor mucosa, a likely starting point for the gastrin cell 
tumor. 

Occasionally, exocrine cells were found to be an integral part of the tumor 
growth. In two tumors PAS-positive and M 1 antigen-immunoreactive [12] 
foveolar-type cells with large secretory granules with a distinctive punctate 
substructure were found to be admixed with endocrine cells. Despite the extensive 
intestinal metaplasia observed in many cases of type A atrophic gastritis, none of 
the endocrine tumors observed in these patients showed a significant intestinal
type component. 

In most cases, the antropyloric mucosa of patients with type A gastritis showed 
essentially normal findings, with the exception of gastrin cell hyperplasia. Cell 
counting in four such patients showed 192-259 (mean 217) gastrin cells per linear 
mm of pyloric mucosa. In four control cases, lacking peptic ulcer disease, 
dyspepsia, or hypergastrinemia, 41-93 (mean 68) gastrin cells were found. 

Type B Gastritis 

Of the 100 cases investigated, 87 showed Helicobacter pylori (HP) adhering to 
surface and foveolar epithelium (Fig. 5 a). Two kinds of lesions were seen in this 
epithelium: (a) swelling of colonized cells with bulging of their luminal surface and 
formation of micropapillae and (b) erosion of the juxtaluminal part of the cell with 
loss of mucin granules or even of the whole supranuclear part of the cell. The first 
type oflesion was commonly seen in both the foveolar and surface epithelium, the 
erosive type was much more evident in the surface epithelium (especially of pyloric 
mucosa) where, occasionally, desquamation of the whole epithelium with 
denudation of the basal membrane was observed (Fig. 5b). 

The relationship of these papillary-erosive lesions with HP colonization of the 
same biopsy specimen is shown in Table 2. The epithelial lesions were practically 
exclusively of HP-positive cases and specimens (and even of HP-positive areas 
inside specimens). Their severity and diffusion correlated with the amount of 
bacteria; however, 30 of the 87 cases displaying bacteria lacked epithelial lesions. 
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a 

b 

Fig. 5 a, b. Type B chronic gastritis. a Semi thin resin section of gastric superficial epithelium 
showing vacuoles as well as numerous Helicobacter pylori (HP) adhering to the luminal surface 
(center and right). b Complete erosion of an area of superficial epithelium (center) in an active 
gastritis. Hematoxylin-eosin; a X 1500; b X 280 
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Table 2. Helicobacter pylori (HP) and micropapillaryjmicroerosive epithelial lesions in antral 
biopsy specimens from 100 patients with gastritis 

HP 

+ 
++ 
Total 

Epithelial lesions 

+ 
12 1 
18 11 
12 11 

42 23 

Total 

++ 
0 13 
4 33 

31 54 

35 100 

Table 3. Relationship between epithelium-associated granulocytes and micropapillaryjmic
roerosive epithelial lesions in antral biopsy specimens from 100 patients with gastritis 

Granulocytes Epithelial lesions Total 

+ ++ 
30 4 1 35 

;- 11 18 11 40 
++ 1 1 23 25 

Total 42 23 35 100 

A positive relationship between papillary-microerosive epithelial lesions and 
intraepithelial granulocytes of the same case and biopsy specimen was also 
observed (Table 3), although the topography of granulocytes did not necessarily 
overlap that of epithelial erosions and/or HP colonization. 

Ultrastructural investigations showed early changes in the HP-colonized 
epithelia in the form of vacuolization of the juxtaluminal cytoplasm immediately 
underlying the luminal surface (Fig. 6). Larger vacuoles were easily detected with 
light microscopy of o.s- to l-~m thick resine sections (Fig. Sa); however, only 
rarely were such vacuoles seen in S-I.I.m paraffin sections. Vacuolized cells 
invariably showed HP adhering to their luminal surface, while in most cases there 
was no concomitant relationship with intraepithelial granulocytes and lympho
cytes or severity of inflammatory changes in the underlying lamina propria. 

Cellular swelling with endoluminal bulging as well as lesion of some juxta
luminal junctional complexes resulted in formation of intercellular intraepithelial 
pockets filled with bacteria. Rupture of the luminal cell membrane with loss of 
juxtaluminal mucin granules and cytoplasm was found in more severely affected 
cells of the surface epithelium. 

Atrophic changes of the pyloric glands were usually moderate. Only in a 
minority of cases was intestinal metaplasia, especially of type I or II, a prominent 
finding. No consistent change was found in antropyloric gastrin cells, apart from 
their disappearance in areas of intestinal metaplasia, sometimes coupled with an 
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Fig. 6. Ultrastructure of vacuolar changes in the surface epithelium colonized with HP. 
Aldehyde-osmium fixation, uranyl-lead staining; X 12000 

increase in the adjacent pyloric mucosa. Linear or micronodular hyperplasia of 
gastric-type enterochromaffin cells was observed, especially in areas of gland 
atrophy and sclerosis. 

In most cases superficial gastritis was found in the corpus-fundus mucosa of 
stomachs with HP-positive type B gastritis. Atrophic or metaplastic changes were 
observed only in a few cases. Atrophic-subatrophic changes of the oxyntic glands 
in type B gastritis differed from those of type A gastritis for their lack of 
intraepitheliallymphocyte aggression and relative paucity of pyloric metaplasia 
and hyperplastic changes. Active gastritis with prominent intraepithelial granu
locyte infiltration in the generative zone (neck) of the glands with resultant lack of 
glandular cell differentiation (rather than destruction of formed glands) seemed 
the key factor in such lesions. 

Cancer-Associated Gastritis 

In the juxtatumor mucosa of stomachs bearing early cancers (with special 
reference to the 36 cases of glandular type), chronic gastritis was found regularly, 
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mostly with intestinal metaplasia of types I, II, or III [25]. In particular, type III 
incomplete metaplasia showed (a) an intimate admixture of mature foveolar 
(usually alcianophilic and often HID positive) and goblet cells in the upper part of 
the mucosa, (b) prevalence of relatively immature columnar cells resembling those 
of intestinal crypts and deep foveolae in the mid generative stratum, and (c) 
frequently the presence of mature pyloric glands in the deeper stratum. 

In addition, dysplastic changes were found in nontumor mucosa of 32 of the 68 
cases investigated and in 29 of the 36 cases with glandular cancer. This dysplasia of 
flat mucosa was mainly composed of immature, atypical, columnar cells 
somewhat resembling (atypia apart) the cells forming the midstratum of type III 
metaplasia. The histologic resemblance between these two lesions is also outlined 
by the similarity of their histochemical patterns, with special reference to the 
reactivity of columnar cells for CAR-5 antigen and the relatively poor reactivity 
with other markers of gastrointestinal epithelia (Fig. 7). Type III metaplasia with 
marked expansion of its generative, poorly differentiated, CAR-5 immunoreac
tive stratum, usually coupled with mild cytologic and structural atypia of the same 
or upper and lower strata, was found in some cases. 

a b 

Fig. 7 a, b. Cancer-associated gastritis. a Type III intestinal metaplasia showing CAR-5 antigen 
expression by fairly immature columnar cells. Mature goblet cells scattered in the hyperplastic 
foveolae (top and center) as well as pyloric glands (bottom) lack the antigen. b Moderate dysplasia 
showing extensive, lumenal-type expression ofCAR-5 antigen. Immunoperoxidase-hematoxylin; 
a X 240; bX130 
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In general, dysplastic lesions, the generative zone of type III metaplasia as well 
as type II metaplasia, showed a rather minor endocrine component. Linear, 
palisade-forming hyperplasia of endocrine cells (especially intestinal-type entero
chromaffin cells) was observed with some frequency in the deep part of type I 
metaplasia. No dysplasia limited to endocrine cells was found. 

Discussion 

As a rule normal, hyperplastic, and metaplastic epithelia occurring in chronic type 
A, type B, or cancer-associated gastritis show a parallel, reciprocally coherent 
differentiation and growth of their exocrine and endocrine components. However, 
in most cases endocrine and exocrine tumors arising from these epithelia have a 
separate histogenesis and very different behavior [31, 33]. Severe, long-standing, 
type A chronic atrophic gastritis is now known to be at risk for the development of 
argyrophil carcinoids restricted to the same body-fundus mucosa which is affected 
by the gastritis [1-3]. Despite a number of intestinal and pyloric-type metaplastic 
changes occurring in this disease, most such tumors (including 17 of our 20 cases) 
proved to be formed essentially of gastric fundic-type endocrine cells, including 
argyrophil, histamine-producing ECL cells which are normally exclusive of the 
oxyntic mucosa [16,31]. No comparable characterization of tumor cells compris
ing gastric cancers, also known to arise with increased frequency in this disease [22, 
29], has been performed so far. However, an extensive investigation of316 gastric 
cancers arising in the general population [11] showed a striking predominance of 
pyloric gland differentiation (found in 47 % of cases) over oxyntic gland 
differentiation (found in about 3 % of cases). 

Thus, a search for specific precursor lesions of endocrine tumors at the 
histologic level, as well as for specific inducing or promoting factors at the 
epidemiologic or clinical level, seems indicated. In the case of argyrophil body
fundus carcinoids possible precursor (precarcinoid) lesions have been recently 
described and differentiated from various types of hyperplastic changes [33,34]. It 
seems interesting that we have found such precarcinoid lesions in nontumor 
mucosa of 14 out 15 patients bearing both type A CAG and argyrophil "ECL cell" 
carcinoids and in only one of 12 cases showing type A CAG without carcinoids. A 
role for the severe hypergastrinemia usually associated with type A CAG in 
promoting carcinoid development - through proliferation of endocrine cells 
which have undergone transformation during the long-standing atrophic, re
generative, and metaplastic process - seems likely considering the known trophic 
action of gastrin on gastric ECL cells [15]. 

Our characterization of true pyloric-type metaplasia with gastrin cells and its 
differentiation from pseudopyloric metaplasia (to be interpreted essentially as 
mucous-neck hyperplasia) may help in understanding the rare insurgence of 
gastrin-producing tumors in the corpus-fundus of patients with type A gastritis. 
An occasional gastrinoma arising from the pyloric mucosa of such patients, 
against a background of gastrin cell hyperplasia, has also been reported [24]. 

A general role for gastrin cells in the pathogenesis of HP-associated ulcer 
disease [20] seems unlikely from our purely morphologic investigation. However, 
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a small group of patients (all of which proved to have extensive HP colonization of 
their pyloric mucosa) showing H2-blocker resistant duodenal ulcer coupled with 
basal and/or stimulated hypergastrinemia [6], had gastrin cell counts intermediate 
between those of controls and of overt gastrin cell hyperplasia [35]. Thus, some 
role for bacterial ammonia in buffering intraglandular Hel, thereby causing 
gastrin cell stimulation and hyperfunction, cannot be ruled out, at least in a 
selected minority of patients. 

A role for Helicobacter-induced damage (especially of the erosive type) of 
surface gastric epithelium in the pathogenesis of gastric peptic ulcer seems likely. 
Whether the surface lesion is due to direct cytotoxicity from bacterial toxins or 
from bacteria-evoked leukocyte infiltration of the epithelium, or to both 
mechanisms, remains to be clarified. Interestingly, very mild, apparently early 
lesions found ultrastructurally in superficial-foveolar epithelium are essentially of 
the vacuolar type and closely mimic the vacuolar changes induced in vitro on 
epithelial cell lines by the vacuolizing cytotoxin obtained from many HP strains in 
culture [7, 19]. On the other hand, a positive correlation between intraepithelial 
granulocyte infiltration and cytolitic-erosive epithelial damage has been also 
found, thus confirming the results of Raws et al. [23]. 

The possibility that some cytotoxin is directly involved in the pathogenesis 
peptic ulcer [7] is supported by the increased concentration of erosive lesions that 
we observed in the surface epithelium of the pyloric mucosa from gastric ulcer 
patients. A similar behavior of intraepithelial granulocyte infiltrates has been 
recently reported by Heilman and Niesch [17]. It appears likely that direct 
epithelial cytotoxicity is a key factor in the initiation of the lesion, with both direct 
and granulocyte-mediated cytotoxicity contributing to its progression up to 
complete erosion of the epithelial lining. The damaging action oflumenal acid and 
pepsin on the exposed lamina propria, as well as the impaired epithelial 
regeneration of nearby foveolar epithelium due to persistent HP infection and 
inflammation, will then promote the epithelial erosion developing into peptic 
ulcer. 

The existence of HP strains devoid of significant pathogenicity with regard to 
the gastric epithelium (though inducing an inflammatory response in the lamina 
propria) seems likely, considering that no epithelial lesions were found in biopsy 
specimens of 34 % of cases showing HP colonization. More investigations are 
needed to identify possible "ulcerogenic" and "nonulcerogenic" strains of HP. 

In general, atrophy of glands and their replacement with hyperplastic
metaplastic epithelia was much more prominent in cancer-associated gastritis 
than in type B gastritis coupled with either peptic ulcer or dyspepsia. This finding 
is in keeping with the epidemiologic and clinicopathologic studies of Sipponen et 
al. [27, 28] showing a sharp increase of cancer risk in subjects with extensive 
intestinal metaplasia of the antrum. Our finding of an increased incidence of type 
III intestinal metaplasia in neoplasia-associated gastritis supports previous 
suggestions that this subtype of metaplasia is more significantly correlated with 
the development of cancer than is type I or type II metaplasia [25]. This conclusion 
is further supported by the histologic (frank atypia apart) and histochemical 
homologies we have observed between the generative zone of some type III 
metaplasia and conventional dysplastic lesions. 
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Although at present no conclusive evidence is available concerning the possible 
histogenetic links between type III metaplasia and frank dysplasia, a role of type 
III metaplasia - a histologically complex lesion involving various lines of 
differentiation - in cancer development would explain the heavily mixed cellular 
pattern found in up to 50% of gastric cancers [12]. 

The rather frequent occurrence of HP in neoplasia-associated gastritis [5] 
(personal unpublished observations) as well as recent epidemiologic studies [13] 
showing geographic overlapping of HP infection and gastric cancer risk, indicate 
the need for further clinicopathologic and epidemiologic studies to clarify the 
relationship between long-standing, HP-positive type B gastritis and neoplasia
associated gastritis. The capacity of HP to inactivate vitamin C and other 
antioxidants [18] known to be protective against the development of gastric cancer 
[21] may offer a pathogenetic basis linking HP to the development of cancer via the 
progressive derangement of regulatory factors modulating the renewal and 
differentiation of epithelial cells in the gastric mucosa. 
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The Classification of Gastritis * 
K. L. HEILMANN and M. STOLTE 1 

Until recently the histological diagnosis of gastritis was of little relevance for 
gastroenterologists or patients. Whether the inflammation was superficial or 
"atrophic" or with or without intestinal metaplasia had no real meaning. This 
attitude toward gastric histology changed dramatically when it became apparent 
that over 75% of all histological gastritis cases could be attributed to infection 
with Helicobacter pylori. Subsequent morphological studies stimulated by this 
discovery revealed well-recognizable differences between infectious gastritis and 
other forms of the gastritis process [3]. These sometimes striking morphological 
differences have shed new light on the pathogenesis of gastritis. Therefore, it was 
considered timely to propose a new classification of gastritis based on these new 
observations. 

The gastroenterologic group of the German Society of Pathologists organized a 
workshop to classify and grade gastritis [2]. The results of this workshop are 
presented here. The participants were of the opinion that the descriptive diagnosis 
continues to be desirable and that - whenever possible or necessary - etiological 
factors might be "added." 

Normal Findings 

The normal gastric mucosa contains no lymphocytes, plasma cells, or granu
locytes. This definition of "normal" gastric mucosa is necessary, for in numerous 
reports, mild infiltration of the lamina propria of the gastric mucosa with 
leukocytes and plasma cells is considered a "normal finding." This is the reason 
for many of the discrepancies in the findings reported in the literature on H. pylori. 

Acute Gastritis 

Acute gastritis, a very rare event, should be diagnosed whenever an inflammatory 
infiltrate made up only of neutrophilic granulocytes without round cells is present. 

* Proposal of the German Society of Pathologists 
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Depending upon the intensity of the infiltration by neutrophilic granulocytes, this 
"acute gastritis" can be further subdivided into "mild, moderate," or "severe." 

Chronic Gastritis 

Chronic gastritis is characterized by a pure round cell infiltrate with few 
eosinophils. The following grading of this chronic gastritis was proposed: 
• Minimal chronic gastritis: scattered lymphocytes and plasma cells 
• Mild chronic gastritis: sparse lymphoplasmacellular infiltrate 
• Moderate chronic gastritis: moderately dense lymphoplasmacellular infiltrate 
• Severe chronic gastritis: very dense lymphoplasmacellular infiltrate also 

invading the deeper glands bearing parts of the mucosa 

A controversial point raised during discussion was whether the term superficial 
and "atrophic gastritis" should be abandoned. At present, there is no definitive 
evidence to show that the so-called superficial gastritis progressively develops into 
the atrophic form. Since, in the strict sense of the term, atrophic gastritis applies 
only to the autoimmune form in the fundus/body and the pathogenetic 
mechanisms differ in the antrum and corpus, the opinion prevailed that the two 
older terms "superficial gastritis" and "atrophic gastritis" should be abandoned 
in favor of "gastritis," purely and simply. The extent of a possible reduction of 
glands could be indicated by the addition of "partial" or "total" atrophy. 

Chronic Active Gastritis 

Chronic active gastritis is diagnosed when, in addition to the lymphoplasmacel
lular infiltrate, neutrophilic granulocytes are present. The density of the neu
trophilic granulocytic infiltrate determines the degree of activity of the gastritis. 
Principally, grading of the chronic active gastritis is done as described above and is 
further qualified by indicating the degree of activity: 
• Activity grade 1: scattered interstitial and intraepithelial granulocytes 
• Activity grade 2: dense granulocytic infiltrate with numerous intraepithelial 

granulocytes in the region of the foveolae 
• Activity grade 3: dense granulocytic infiltrate with development of "abscesses" 

in the foveolae 

Additional Findings 

Intestinal Metaplasia 

If intestinal metaplasia is present, it should be differentiated into three different 
types, and the distribution and extent of the metaplasia should be indicated, as 
focal or diffuse: 
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• Type I: complete intestinal metaplasia (small intestinal type) 
• Type II: incomplete intestinal metaplasia ("enterogastric type") 
• Type III: incomplete intestinal metaplasia (colonic type) 

Atrophy 

Atrophy should be diagnosed if there is a reduction in the glandular mass. It 
should be graded into partial and total atrophy. 

Foveolar Changes, Irregularities, or Hyperplasia 

These are important morphological findings and should be considered in the 
histological diagnosis. 

Intraepithelial Lymphocytes 

Until know intraepitheliallymphocytes have not been a well-recognized histolog
ical marker. They should, however, be considered in the report and in the 
diagnosis when there are more than 20 intraepitheliallymphocytes/l00 surface 
cells. 

Erosions 

The term "erosive gastritis" should be abandoned. It was recommended that, 
depending upon their extent, erosions should be mentioned as a qualifying 
addition to the diagnosis. 

Helicobacter pylori 

The pathologists should always indicate whether H. pylori is present or not. In the 
routine diagnostic evaluation, no special stain is necessary, for the alcoholic H & E 
stain and examination under high-power objectives (x 40, x 63) are sufficient. 

Basal Lymphoid Aggregates and Lymphoid Follicles 

Basal lymphoid aggregates and lymphoid follicles appear to develop as sequelae of 
a H. pylori associated gastritis. This additional finding should also be mentioned 
in the report and probably in the diagnosis. 

Based on these morphological parameters it seems possible to propose a 
classification of gastritis considering the etiopathogenetic mechanisms (Table 1), 
as was done also by Wyatt and Dixon [3]. 

Type A Gastritis 

The autoimmune gastritis is localized within the fundus and body of the stomach. 
In the end stage of the autoimmune process, the glands are atrophic and the 
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Table 1. Classification of gastritis 

Type 

A 
B 
A/B 
C 

Etiology/pathogenesis 

Autoimmune 
Bacterial 
Autoimmune/bacterial 
Chemical injury 

Special forms of gastritis 
Lymphocytic gastritis 
Other forms of infectious gastritis 
Granulomatous gastritis 
"Crohn gastritis" 
Eosinophilic gastritis 
Other forms 

K. L. Heilmann and M. Stolte 

Localization 

Corpus 
Antrum/corpus 
Antrum + corpus 
Anastomosis/antrum 

lamina propria shows a mild chronic inflammatory infiltrate. Frequently 
intestinal metaplasia is present. In the totally atrophic stage of autoimmune 
gastritis, basal neuroendocrine cell complexes are frequently found, together with 
an increase in glandular endocrine cells. In the "active" stage of autoimmune 
gastritis prior to the total destruction of the glands, this auto-aggressive disorder 
can be recognized by a periglandular lymphocytic infiltrate. 

Type B Gastritis 

Bacterial gastritis (type B) is induced almost exclusively by H. pylori organisms. 
Other infectious forms of gastritis are to be found in the group "special forms" (see 
below). 

Type AlB Gastritis 

Autoimmune gastritis (type A gastritis) usually leads to a complete atrophy of the 
glands and anacidity of the gastric juice only in advanced age. Some of these 
patients will presumably have acquired a type B gastritis at a younger age. This 
may explain how a mixed type AlB gastritis can develop from primary H. pylori 
gastritis and secondary autoimmune gastritis. This combination may also explain 
the reports in the earlier literature of a tendency of antral gastritis to heal with 
atrophy of the body mucosa. 

Type C Gastritis 

Gastritis of type C is probably for the most part induced by reflux of certain 
mucosa-damaging bile acids. This bile reflux gastritis is characterized histologi
cally by edema, dilatation and hyperemia ofthe capillaries, a sparse inflammatory 
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infiltrate comprising lymphocytes and plasma cells in the upper part of the lamina 
propria, and elongation and/or tortuosity of the foveolae. It is to be found not 
only in the region of the anastomosis of the operated stomach, but also in the 
antrum of the nonoperated stomach. In this bile reflux gastritis, a common 
endoscopic finding is a stripe of redness running from the pylorus in the cranial 
direction. Whether this bile reflux gastritis is an entity that can be unequivocally 
diagnosed histologically, and whether this form of gastritis can be differentiated 
from other chemically inducted inflammatory changes in the gastric mucosa is not 
yet clear. 

Special Forms 

Lymphocytic Gastritis 

Lymphocytic gastritis [1] is a special type of gastritis that can occur within the 
framework of chronic or chronic active gastritis. This form of gastritis is 
characterized by the presence of intraepithelial T lymphocytes. The diagnosis 
lymphocytic gastritis should only be made when there is an involvement of at least 
20% of the mucus producing surface epithelial cells. Lymphocytic gastritis 
probably exists in two forms; one is characterized by erosions and foveolar 
hyperplasia and corresponds endoscopically to the "varioliform" type of gastritis. 
The other form is associated with a normal endoscopic appearance of the mucosa. 
Lymphocytic gastritis is apparently a particular form of an immunological 
response and it is possible that a few patients with Helicobacter associated gastritis 
react in this manner. 

Other Infectious Forms of Gastritis 

In the search for H. pylori, it has been found that in rare cases (0.25 %) other spiral 
bacteria that stain with silver nitrate may also be present in the stomach. All other 
infectious forms of gastritis are extremely rare and occur almost exclusively in 
immunodeficient patients, such as the virus induced forms of gastritis (in 
particular CMV) or parasitic gastritis. 

Granulomatous Gastritis 

In principle the diagnosis granulomatous gastritis must remain descriptive in most 
cases. Additional clinical investigations are required to establish whether the 
granulomas represent a partial substrate of a granulomatous systemic disease, or 
whether an idiopathic "granulomatous gastritis" is present. 
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Eosinophilic Gastritis 

On the basis of forceps biopsy material, the extremely rare eosinophilic gastritis 
can be only suspected, since the eosinophilic granulocytes are, for the most part, 
located in the deep layers of the gastric mucosa. To clarify this diagnosis further 
clinical and biochemical investigations are necessary (e.g., eosinophilia, elevated 
serum levels of 19E, gastric wall thickening, gastric motility disorders, pyloric 
stenosis, other allergic underlying disorders, and gastrointestinal parasites). 

Crohn-Associated Gastritis 

The type of gastritis typical of Crohn's disease is - in analogy to the colon - a 
discontinuous inflammatory infiltration of the gastric mucosa. Patchy infiltrates 
located predominately around the pits and containing abundant neutrophilic 
granulocytes that often penetrate into the foveolae are found. 

We think in accordance with Wyatt and Dixon [3] that this classification, based 
on the characteristic patterns of mucosal response to the different underlying 
mechanisms of injury, may enable the gastroenterologists to select patients for 
future clinical studies and probably for specific treatment. 
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Morphological Aspects of Gastritis - a Comment 

A. B. PRICE and M. STOLTE* 

The Workshop covered a wide range of gastric inflammatory pathology. The 
reports published here represent but a selection, and this summary simply draws 
attention to particular aspects of interest or contention. The emphasis was on 
Helicobacter pylori, its associated gastritis, the natural history of gastritis, and any 
impact these have on the current classification of gastric inflammatory disease. 

Pathologists are beholden to their clinical colleagues to provide endoscopic 
material and it is logical to start with Tytgat's paper, which reviews the spectrum 
of endoscopic gastritis. Whether the endoscopist is justified in using the term 
"gastritis," or whether this has to be solely the domain of the pathologist is more 
than just semantics. His paper draws attention to the poor correlation between 
endoscopic features and histology, this correlation improving with the severity of 
the changes seen. This highlights the problem of what constitutes "normality," to 
endoscopists and pathologists alike. Discordance is concentrated to the mild end 
of the spectrum. Indeed, many of the conflicting reports in the literature on 
whether H. pylori mayor may not be seen on normal mucosa revolve around the 
observer variation associated with defining normality. Kirschner et al. point out 
that the normal gastric mucosa has an immune system in place. T-cell in
traepitheliallymphocytes, up to 6 per 100 epithelial cells, can be found along with 
small numbers in the lamina propria. The small numbers of B-cells and plasma 
cells present in normal mucosa are restricted to the lamina propria. The problem 
of defining endoscopic normality also arises in the work of Czinn, in which 
children (5-18 years) were the subject of a study. Gastrointestinal mucosal 
nodularity associated with prominence of mucosal lymphoid follicles is probably 
within the normal range for a child. However, the nodularity seen in the antrums 
of the children in this study did not appear to be associated with follicular 
hyperplasia, and Czinn believes it to be a pathognomonic sign of pediatric 
H. pylori infection. Another problem area raised by Tytgat is whether biopsies for 
the assessment of gastritis should be random or targeted. To our knowledge this 
has never been addressed systematically and is one of considerable importance 
needing further research. The minimum assessment necessary to classify gastritis 
is two sets of two biopsies, preferably taken from the anterior and posterior 
aspects of the antrum and corpus respectively. The incisura and sites within 2 cm 
of the pylorus should be avoided for general purposes, though they must 
obviously be sampled if specific lesions are detected. 
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The contributions from Eidt and Stolte along with that from Sipponen look at 
behaviour of the gastric antrum and corpus in peptic ulcer disease but from 
different viewpoints. The apparent preference of H. pylori for antral mucosa 
emphasizes the need to document the two main gastric compartments, antrum and 
corpus, separately in order to study the differing role of damage at these sites on 
the natural history of peptic ulcer disease. Eidt and Stolte show that when either 
pyloric or duodenal ulcers are present antral mucosal inflammatory patterns are 
similar when colonization by H. pylori, activity, and severity of inflammation are 
compared. Changes in the corpus are less marked. When ulceration is present 
elsewhere in the stomach, then it is the mucosa of the corpus which is most 
affected, implying that pyloric and gastric ulcers warrant separate consideration. 
They speculate that it may be an inherent variability in the size of the antral and 
corporal gastric compartments, when inflamed, that determines at which site 
ulceration is found. This may have validity for it is known that the antral/corporal 
border moves upwards along the lesser curve with age [1]. However, very little is 
known about variations in size of the antral and corporal compartment in the 
normal population, Eidt and Stolte's data and hypothesis being a stimulus to 
gather such information. 

There is unique experience in Finland with longitudinal studies on gastritis. 
Sipponen states a firm belief in the progressive nature of chronic gastritis over a 
long time course. This belief is anchored to the concept of developing atrophy in 
either the antral or corporal compartment causing altered gastric pathophysi
ology, namely, altered gastrin responses with antral disease and hypo- or 
achlorhydria with corporal disease. From these longitudinal studies the risk 
factors for the development of peptic ulcer disease are calculated. There is marked 
variation according to which gastric compartment is affected. 

The asociation of H. pylori with gastritis and peptic ulcer disease raises the issue 
of the validity of the current classifications of gastritis. Tytgat presents, in brief, 
the main ones in use. The works of Eidt and Stolte when contrasted to that of 
Sipponen illustrate well the different approaches to the problem of morphology 
and classification and the need for uniformity. In the former's presentation 
attention is centered on inflammation and its activity while the latter centers on 
the role of atrophy. With an increasing number of papers appearing on gastritis and 
its significance, it is important that there can be cross-evaluation. A uniform 
classification and system of grading is therefore urgently required. At a minimum 
there must exist a working formulation allowing cross-reference from one 
classification system to another. The recent classification of the German 
pathologists [2] provides a standard approach to grading most of the important 
morphological parameters. It adheres to the established type A, type B, and type 
AB classification nomenclature as does that of Wyatt and Dixon [3]. Both 
introduce an all-important etiological limb to the system. There is a built-in 
rigidity to all of the current classifications which may no longer be warren ted at 
the current moment of expanding and changing knowledge. Thus, in the system of 
Correa [4] and that proposed by Paull and Yardley [5], the appearance of intestinal 
metaplasia and atrophy place the gastritis in a category separate from that due to 
H. pylori. Sipponen et al. [6], on the other hand, use yet another system and believe 
in a step-wise progression of gastritis in which H. pylori and atrophy are an 
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integral part. There is much to recommend a simple but flexible system using 
standard anatomical nomenclature rather than letters that will refer to the major 
changes in each anatomical compartment (antrum and/or corpus). Onto this an 
etiological qualification may be linked when known, e.g., Helicobacter-associated 
chronic gastritis of the antrum, autoimmune-type chronic gastritis of the corpus. 
Indeed there is a working party in progress that will report to the 1990 World 
Congress of Gastroenterology trying to devise a standard nomenclature or 
working formulation that will allow a comparison between different studies. 

The meeting in DIm was designed to give the participants multidisciplinary 
immersion in the affairs of H. pylori. Perhaps a word of caution is necessary so 
that histopathologists are not swept along and diagnose Helicobacter-associated 
gastritis at the merest sight of any organism on the gastric mucosa. Classically, 
H. pylori does have a seagull shape but other bacteria can be found on the gastric 
surface and perhaps more problematic, H. pylori is polymorphic [7]. Shape is 
therefore not an entirely reliable guide to its identification. The contribution of 
Loffeld et al. is relevent here, and a highly sensitive immunoperoxidase method is 
described using polyclonal antiserum. This is shown to be especially useful, over 
culture, when only small numbers of organisms are present. However, the 
specificity of polyclonal preparations remains a contentious issue. During the 
workshop Heilmann [8] drew attention to other organisms, in particular, 
Gastrospirillum hominis, as an additional cause of gastritis. It is worth remember
ing that changes in acidity will alter the gastric microenvironment and microbial 
ecology [9]. Strict criteria for the histological identification of Helicobacter-like 
organisms need to be maintained or other organisms, which may also be potential 
pathogens, may be overlooked. 

Gastritis has etiologies and patterns other than that associated with H. pylori. 
In this respect pathologists need to recognize, among others, reflux gastritis [10] 
and lymphocytic gastritis, the latter described here by Haot et al. It seems likely 
that the changes found in enterogastric reflux can also be seen after other insults to 
the stomach such as certain chemicals and drugs [3]. The etiology of lymphocytic 
gastritis is unknown at the present time, its relation to H. pylori colonization also 
being unclear. Haot et al. suggest the condition might confer some colonization 
resistance to the gastric mucosa. Their paper also draws attention to the 
correlation between the histological picture and the anatomical distribution of the 
varioliform lesions seen endoscopically. Histological lymphocytic gastritis corre
lates best with fundic or diffuse involvement but not with endoscopic disease 
limited to the antrum. Varioliform lesions restricted to this area have a more 
variable microscopic picture. 

This selection of papers on morphological aspects of gastritis serves to 
emphasize the stimulus given to inflammatory disease of the gastric mucosa by the 
discovery of H. pylori. As a result new data is emerging rapidly on all aspects of 
gastric morphology and pathophysiology. Besides the points discussed above, 
other interesting aspects of gastritis are addressed in the papers of Baczako and 
Solcia et al. The latter challenge microbiologists by suggesting there may be 
ulcerogenic and nonulcerogenic strains of H. pylori. The immunological approach 
of Kirchner et al. highlights differences between microbial and autoimmune 
patterns of gastritis that up to now have been difficult to appreciate on routine 
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staining and light microscopy. Although the data is from a small sample only, it 
has useful diagnostic potential. Finally, it is a challenge to consider the impact on 
world health of the epidemiological data presented here and elsewhere in the DIm 
Congress [11, 12], in particular the associations drawn between H. pylori, peptic 
ulcer disease, and gastric cancer. 
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Aetiological Factors in Duodenal Ulcer 

J. J. MISIEWICZ 

Epidemiology 

Duodenal ulceration (DU) is a major disease in most countries of the world and is 
widely prevalent in the West. Unfortunately accurate epidemiological surveys are 
difficult or impossible to do and data relating to the incidence and prevalence of 
DU are at best approximate. This is because the diagnosis of DU can only be 
established with certainty by using expensive, or invasive investigations such as 
air-contrast radiology, or fibre-optic endoscopy. This precludes large scale 
investigation surveys. Unfortunately even the presence of typical symptoms 
(epigastric pain related to food and relieved by antacids) can not be relied upon to 
establish the diagnosis. This is because many patients with typical symptoms of 
DU will turn out on investigation not to have one. The same considerations apply 
to noninvasive techniques for the detection of Helicobacter pylori, because most 
individuals infected with this organism will not have an ulcer, or even symptoms of 
dyspepsia. 

Information from necropsy surveys indicates that approximately 20 % of men 
and 10% of women will have suffered from a peptic ulcer at some time [1,2]. These 
data, however, are heavily confounded by such considerations as the frequency 
with which autopsies are done, the selected populations subjected to this 
procedure, or the diligence and skill of the pathologist. Mortality rates give 
information on the fraction of the ulcer population subject to lethal complica
tions, but this is heavily age related and must represent an unknown proportion 
of the whole [3]. Mortality rates may also be affected by the patterns of prescribing 
drugs in the population studied. For example, frequent prescription of NSAIDs 
may increase mortality from DU in the elderly [4, 5]. It is generally believed that 
approximately 10% of people in the West suffer from DU; the incidence in the 
emergent countries is less certain, but appears to be rising in the urbanised 
population. 

Thus environmental factors may affect the prevalence, incidence and also 
perhaps the clinical attributes of DU. Assignment of relative importance to the 
various influences thought to be active in this area is difficult. Gastric ulcer (GU) 
was probably the predominant form of ulceration in the upper gut at the turn of 
the century, but this was followed by an increasing rise in frequency of DU. 
Whether this may be in some way related to an increased prevalence of 
Helicobacter pylori is difficult to say. One hypothesis postulates that the rapid rise 
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in the incidence of DU at the start of the present century was a cohort 
phenomenon triggered by deprivation and stress secondary to the economic 
recession present at that time [6]. Bad housing conditions and overcrowding could 
have led to the spread of infection with Helicobacter at that period in history. 

More recently the trends detected in the epidemiology of DU have been 
somewhat conflicting. The frequency of GU seems to be declining in the Western 
countries, while surveys conducted in Denmark and in the USA suggest that 
incidence of DU is not changing [7,8]. Data from the United Kingdom indicate 
that the incidence of perforated DU has decreased in the younger, but increased in 
the older population; the increased perforation rate seems to affect women more 
than men. 

Environmental changes can be expressed, for example as differences in 
perforation rates, even within relatively small areas and to affect DU and GU in 
different ways (Table 1). As all those areas have uniform standards of provision of 
health care, and as most patients with perforation are liable to be admitted to 
hospital and accurately diagnosed at laparotomy, these figures are likely to be 
reliable [9]. 

Table 1. Regional admission rates per 10000 population with perforated peptic ulcer in the U.K. 

Duodenal Gastric 

South 
East Anglia 0.07 0.08 
Wessex 0.08 0.08 
Oxford 0.13 0.04 
South-West 0.14 0.02 

North 
Leeds 0.22 0.07 
Liverpool 0.23 0.03 
Manchester 0.23 0.10 
Newcastle 0.31 0.10 

Scotland 0.45 0.07 

Diet 

It is very difficult to show convincingly any role for diet in the pathogenesis ofDU. 
Nevertheless, diet is very important for the patient with DU, and many of them are 
emphatic that certain foods, such as high fat or fried meals provoke their ulcer 
pain. This may be related to stimulation of gastric secretion or changes in the rate 
of gastric emptying, but experimental confirmation of this common observation 
has been elusive. Prospective studies have correlated the high incidence of gastric 
cancer in Japan with low intake of vegetables and with smoking [10]. High salt 
intake and high incidence of GU coexist in Japan and a correlation between high 
dietary salt content and high mortality from GU (but not DU) has been put 
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forward for western areas [11]. There was said to be a difference in the incidence of 
DU between northern and southern India, possibly related to the chewable diet in 
the north and a mushy vegetarian diet in the south, but this difference in the 
incidence of DU is not based on firm epidemiological evidence. Another 
hypothesis postulates that the reason for the apparently declining rate of serious 
complications of DU is the increased dietary consumption of polyunsaturated 
fatty acids, which act as precursors of prostaglandins, which in turn may have a 
role in cytoprotection and in inhibition of acid secretion [12]. If diet is important in 
the pathogenesis of DU, it is clear that we do not know how it operates. 

Genes and Gender 

DU is commoner in men than in women, although the incidence in women may be 
inreasing. It does increase in women after the menopause, suggesting that sex 
hormones, perhaps oestrogens, have a protective role. Oestrogens have been used 
in the medical treatment of DU in men in one trial, but the side effects were 
unacceptable. 

Patients with a family history of DU are more likely to develop the disease than 
others, and the ulcer may be more severe. There are other genetic markers of the 
ulcer diathesis, such as the non secretion of blood group polysaccharides in the 
saliva [13]. 

Attack and Defence 

The many factors that eventually result in the development of a chronic DU are 
often thought of as attack and defence mechanisms, the imbalance favouring the 
"attack" eventually resulting in the appearance of an ulcer crater. Attack factors 
have been more extensively studied than defence factors. 

Secretion of Acid 

Patients with DU as a group secrete more acid than controls, while those with au 
have normal or low acid outputs. Various mechanisms have been proposed to 
account for the high acid secretion in DU. Patients with DU tend to have a high 
parietal cell mass and their parietal cells may be more sensitive to gastrin (or 
pentagastrin). The gastrin negative-feedback switch-off mechanism may be 
inefficient, leading to inappropriate hypergastrinaemia. As gastrin is a trophic 
hormone for the parietal cells, it has been proposed that this is the way in which the 
large parietal cell mass in DU comes about. 

There are some very interesting recent findings to link this hypothesis with the 
near universal colonisation of the antrum and of gastric metaplasia islands in the 
duodenal cap with Helicobacter pylori in DU disease. It has been shown that 
asymptomatic normal young males with Helicobacter pylori have a high 
integrated 24-h gastrin response to meals [14], and this was followed by the 
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observation of normogastrinaemia in Helicobacter pylori negative DU patients; 
Helicobacter pylori positive patients had the hypergastrinaemia and a higher peak 
acid output [15]. The mechanism through which Helicobacter pylori operates to 
trigger the inappropriate secretion of gastrin is not clear. It may be the 
consequence of antral mucosal inflammation or perhaps due to alkalinisation of 
the microenvironment of the G cells in the antrum consequent on the production 
of ammonia from urea by the Helicobacter pylori urease. This would disrupt the 
normal operation of the negative feedback loop controlling the release of gastrin 
from the antral G cells. This hypothesis is attractive because it accounts for the 
observed experimental changes under one factor present almost uniformly in DU, 
namely colonisation by Helicobacter pylori. 

There are other abnormalities of gastric acid secretion in DU, namely high 
nocturnal acid output, high acid secretion in response to cephalic stimulation or to 
stimulation by sham feeding or the ingestion of food. A high vagal drive has been 
postulated, but has so far eluded unequivocal experimental proof. Indeed, it has 
been difficult to show abnormalities of gastric acid secretion in all the patients 
included in the various published studies (Table 2) [16]. This may be due to 
experimental errors, such as transpyloric losses of gastric juice, that are inherent in 
the techniques of collection of gastric acid, and which are not corrected for in all 
the studies. Such errors may be especially important at low rates of acid output, 
for example when nocturnal secretion is measured. Measurements of acid output 
require unpleasant intubation techniques and are therefore only possible to 
conduct for relatively short periods of time. Measurements of intragastric acidity 
are not subject to those constraints to the same extent, but they provide data on 
pH, not on the volume of acid secreted. In one interesting study meal-stimulated 
and nocturnal acid secretion was measured over a 24-h period in a small series of 
patients with DU, who had a significantly higher acid output than controls [17]. It 
is not clear however, whether these data can be extrapolated to all patients with 
DU disease. 

It is clear that acid is a key factor in the pathogenesis of ulcer, but its ranking in 
the order of importance in a multifactorial situation is not clear, especially as the 
equation may differ from patient to patient. At one end of the spectrum, in the 
presence of gross acid hypersecretion driven by aberrant gastrin release by a 
gastrinoma, acid is clearly the main agent responsible for the severe, intractable, 
and often ectopic, ulceration. At the other end is the individual with acid secretion 

Table 2. Percentage of subjects with duodenal ulcer (DU) showing an abnormal acid secretory 
response in various studies. [Modified from 16] 

Variable of acid secretion 

Maximal acid output following 
histamine or pentagastrin 
stimulation> normal 
Basal acid output> normal 
Cephalic acid output> normal 
Low Dso to pentagastrin 
Meal-stimulated acid output> normal 

Studies 
(n) 

17 
7 
4 
6 
8 

Range of subjects with 
abnormal response (%) 

16-56 
10-38 
7-55 
0-45 

10-100 
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in the normal range, who has a DU and in whom other, perhaps multiple, factors 
come into prominence. 

Acid secretion is certainly important in preventing the healing of DUs, as has 
been abundantly shown by numerous trials reporting significantly better rates of 
ulcer healing during treatment with agents that neutralise secreted acid (antacids) 
or that prevent its secretion (anticholinergics, H2 histamine receptor blockers, 
H +K + ATPase inhibitors). There is also a correlation between healing rates ofDU 
and the degree of acid inhibition [18, 19]. Inhibition of acid by maintenance 
treatment with H2 receptor antagonists significantly lowers the relapse rates of 
DU, thus emphasising the central role of acid in maintaining the chronicity ofDU 
[20]. 

Pepsin 

Pepsin has been less intensively studied than acid; in general its secretion moves in 
parallel with that of Hei. The role of pepsin in the causation of DU is believed to 
be based on its capacity to disrupt the mucus-bicarbonate barrier, although it 
must be admitted that data pertaining to this have been collected mainly through 
studies of the gastric, rather than the duodenal, mucus [21]. Precursors of pepsin, 
pepsinogens, can be measured in the serum by radioimmunoassay, and thus lend 
themselves to epidemiological studies. Serum pepsinogens (Pgs) can be divided 
into PgI, PgII and a slow-migrating protease [22]. About 50 % of DU patients 
have high serum concentration ofPgI, which is higher in more severe forms ofthe 
disease, and in those with high acid output [23]. It is inherited as an autosomally 
dominant trait and can be used as a marker in some families with a strong history 
of DU [24]. These observations emphasise the role of constitutional factors in 
ulcer diathesis. 

Quantitative measurement of pepsin secreted into the gastric juice is not easy. 
Pure pepsin I - which is associated with DU - degrades gastric mucus glycoprotein 
faster and remains active at a higher pH than pepsin III, the main enzyme found in 
human gastric juice. Mucolytic activity of gastric juice from patients with DU 
resembles that of pepsin I, pepsin III-like activity is exhibited by juice from healthy 
controls [25]. 

Motility 

Patients with DU are said to have faster gastric emptying, but overlap with other 
groups is considerable. Faster emptying might increase the acid load entering the 
duodenum, thus contributing to duodenal mucosal injury. 

Smoking and Alcohol 

It is not clear whether smoking plays a part in initiating the process that leads to 
duodenal ulceration, but it is established that smoking affects adversely the 
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relapse rate of ulcers healed on medical treatment. The mechanism of the 
accelerated relapse rate associated with smoking is unknown [26]. 

Alcohol so far has no clearly defined role in the pathogenesis of DU. 

Drugs 

Drugs can cuse local lesions in the gastrointestinal mucosa if tablets lodge locally 
on the mucosal surface and then dissolve, forming a local hyperosmolar 
environment; this process has no part to play in the aetiology of DU, although it 
may lead to clinically dangerous situations. 

Aspirin and nonsteroidal anti-inflammatory drugs (NSAIDS) increase gastro
intestinal blood loss and this has been shown repeatedly in various animal models 
and in man. It is not certain how these observations relate to the development of 
the chronic DU diathesis. The vast majority of patients taking NSAIDS for 
arthropathies do so without serious unwanted effects; a minority, (predominantly 
the elderly), develop potentially serious complications such as haemorrhage or 
perforation. It is not clear whether these are complications of pre-existing ulcers, 
or whether new ulcer formation takes place. Even if it did, the place of drugs in the 
aetiology ofDU must be necessarily very restricted, although the unwanted effects 
of NSAIDS are clinically very important [4, 5]. 

Psychological Factors 

Most pre-existing diseases may get worse during periods of personal stress - or the 
patient is more conscious of them. Acute emotions can affect gastric mucosal 
blood flow, as documented by early studies on one or two subjects with chronic 
gastric fistula. Two patients have documented decreased gastric acid secretion 
after a major life event had been resolved. It is not possible to say how important 
or how often psychological factors enter into the causation of DU. 

Protective Factors 

Mucus and Bicarbonate 

The insoluble layer of mucus gel that coats the gastric and duodenal epithelium is 
thought to be very important in preserving the integrity of the epithelial cells. 
Intact mucus is impermeable to larger molecules, such as pepsin, which itself can 
solubilise mucus by cleaving the nonglycosylated component of the mucus 
molecule. Breakdown of mucus by enzymic action, or by drugs, or by bile salts 
leads to the loss of its physicochemical properties and to the shedding of mucus 
into the gastric lumen, where it has no protective action. 

Although impermeable to large molecules, mucus is permeable to hydrogen 
ions. It has been suggested that bicarbonate secreted by the mucosa is held in an 
unstirred layer by the mucus; direct measurements of pH gradients with 
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microelectrodes have shown it to rise sharply as the epithelial surface is 
approached by the electrode tip. This has been termed "the mucus/bicarbonate 
barrier", which is thought to protect the epithelium from the action of acid. It also 
forms the narrow ecosphere where Helicobacter pylori has its habitat - a doubtful 
benefit to humankind [27 - 30]. 

Bicarbonate is also secreted into the duodenal lumen and patients with DU 
secrete less of it in response to luminal perfusion with acid, than controls [31, 32]. 
Another source of bicarbonate is pancreatic juice. It is not known how abnormally 
low duodenal bicarbonate fits into the defence vs attack equation, but it 
constitutes yet another abnormality that is present in DU disease. 

Prostaglandins 

The importance of prostaglandins (PGs) in the aetiology of DU is uncertain. 
Measurement of PGs in biopsy specimens from patients with DU has yielded 
discordant results. Treatment with NSAIDS would tend to inhibit the synthesis of 
prostanoids and may be important in the mechanisms of mucosal injury produced 
by those drugs. Cytoprotective mechanisms may operate to prevent acute mucosal 
injury and to mediate mucosal restitution, but they may not be relevant to chronic 
recurrent DU [33]. 

Conclusions 

DU is a multifactorial disease, with many influences interacting in each affected 
individual, eventually to produce the ulcer crater in the duodenum. Helicobacter 
pylori can be detected in most patients with DU, but it is also present in many who 
do not have an ulcer or indeed in symptomatic individuals. The very high 
prevalence of the organism in emergent countries [34-36], for example, has not 
produced a pandemic of duodenal ulcer disease. It seems therefore that, in 
addition to the presence of Helicobacter, other factors must be present for the 
disease to manifest itself. 
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The Histogenesis of Gastric Metaplasia in 
Chronic Non-Specific Duodenitis 

K. C. LIU 1 and N. A. WRIGHT 2 

Introduction 

It has long been appreciated that the epithelial cells which clothe the small 
intestinal villi originate in the crypts and migrate upwards. They acquire the 
ability to secrete and absorb, and are finally cast off into the intestinal lumen. The 
ability to label proliferating crypt cells with relatively stable markers, such as 
tritiated thymidine [1] and bromodeoxyuridine [2] shows unequivocally that the 
overall direction of movement is upwards towards the villus tip. 

However, there has been no general agreement about the specific pathways 
taken by these migrating epithelial cells on the villus, nor the pathway taken by 
other cell on the villus, nor the pathway taken by cells leaving the crypts before 
they enter the villus epithelium proper; three-dimensional studies reveal that, in 
man, as many as six crypts supply each villus [3], and there has been considerable 
discussion of the possibility raised by Potten et al. [4] that the emergent cells from a 
single crypt might be directed to more than one villus. In man, of course, several 
crypts fuse to form a vestibule which then communicates with the intervillous 
space [5] (see Fig. 1). 

On these questions, opinion has been sharply divided: Smith and Peacock [6], 
after studies on neonatal pigs, considered that villus cells migrated as isolated, 
confined cohorts, while Carr, Hamlet and Watt [7], who observed spiral ridges 
circumventing human villi in scanning electron micrographs, proposed that these 
ridges themselves were the migration pathways and that cells spiralled around the 
villus. Others have conceived a much less ordered arrangement [8, 9]; considerable 
cell mixing as cells left the crypts was envisaged by Partridge and Simpson [8] with 
the formation of "traffic jams" at the villus bases as cells of different migration 
velocity intermingled. The work of Bjerknes and Cheng [9] also indicated much 
mixing of cells once these were on the villus: in the crypts, some 80 % of newly 
formed mucous cells appear in pairs, while on the villi the distribution of mucous 
cells is random, as cells migrate and become mixed with the migrating progeny of 
other crypts. 

The appropriate experimental model to solve this riddle would be where the 
progeny of a single crypt could be selectively labelled and followed as the cells 
migrate onto the villus and interrelate with cells leaving adjacent crypts. The 
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Fig. 1 a, b. Three-dimensional 
representations of the crypt 
showing a villus relationship in 
the human small intestine. 
Several crypts fuse to form the 
vestibules. b The vestibules 
coalesce to form the circumvil
Ius or circum villar basin, and 
higher still the basins inter
communicate to become a 
continuous intervillous space 
(Redrawn from Cocco et al. 
[5)) 

migration pathway would then be revealed. For the mouse, the puzzle was 
apparently solved using mouse embryo aggregation chimaeras [10-12] and a 
carbohydrate polymorphism that allowed the intestinal epithelium of the different 
strains of inbred mice which were used to make the chimaeras to be discerned by 
the binding of the lectin Dolichos biflorus agglutinin [11, 12]. In these chimaeras, 
the crypts are clonal and consist of cells from a single parental strain; mixed crypts 
are not seen, and hence the progeny of each crypt can be readily discerned by the 
presence or absence of lectin binding. Mapping serial sections, with three
dimensional computer reconstruction, Wilson, Ponder and Wright [13, 14] 
showed that epithelial cells migrate from the crypts in staight lines and as tightly 
bound cohorts onto and through the villus epithelium; moreover, a single crypt 
can indeed feed cells to more than one villus. 
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Fig. 2. A section of a duodenal villus showing the intense dPAS-positive staining of the 
metaplastic cells. The metaplastic cells can be readily distinguished from the enterocytes and 
goblet cells 

However, the situation in the human small bowel remains obscure. It seems 
intrinsically unlikely that the possibility of a similar chimaeric model would exist 
in the human situation. We noted that gastric metaplasia, a well-recognized 
histological appearance in the human duodenum [15], is often seen focally on villi 
cut in tangential section, and shows remarkably sharp demarcation from the villus 
enterocytes and goblet cells when stained with diastase periodic acid-Schiff 
(dPAS) (Fig. 2). In fact it is not dissimilar in pattern to villi in chimaeric animals 
[14]. Because these metaplastic cells stand out so sharply from the normal 
background of villus cells, it is possible to trace their migration pathway. Such 
observations should also reveal the origin of these metaplastic cells, for which 
there is no general agreement; whether from the differentiated villus epithelial cells 
[16, 17], or from cells in the crypt area. 

In this paper, we follow the pathway of migration of gastric metaplastia cells on 
human duodenal villi, and show (i) that the straight migration pathway is also seen 
in humans, (ii) that migration occurs in relatively tight cohorts, but there is some 
mixing at the margins of the migration pathway, (iii) that the progeny from one 
vestibule or crypt group can supply cells to more than one villus, and (iv) that 
gastric metaplasia takes its origin from cells in the basal crypt area or in Brunner's 
glands ducts. 
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Materials and Methods 

Excision specimens of human duodenum in the files of the Hammersmith Hospital 
were reviewed. Cases were selected which showed extensive gastric metaplastic 
changes in which the villus architecture was not disturbed and in which there was 
minimal or no chronic non-specific duodenitis. The paraffin-embedded tissue, 
which was routinely fixed in 10% neutral buffered formol saline, was taken back 
through graded alcohols, water, and reorientated and re-embedded in Paraplast at 
90°C to the original orientation, so that sections could be cut tangentially to the 
bowel lumen, i.e., transverse sections of villi could be cut (Fig. 2). Serial sections 
through the block were cut at a thickness of 4 11m, and stained with dPAS. 

The dP AS-positive gastric metaplastic cells could be readily distinguished from 
the surrounding enterocytes (Fig. 2). The distribution of metaplastic cells in 
selected villi, from villus tips down to crypt bases, was mapped on paper using a 
Leitz drawing tube; alignment in these sections was easily accomplished by 
identification of the villus outlay. The microscope was fitted with a rotating stage 
so that if the section was askew, it could be rotated to its correct orientation. 

Two different methods were employed to reconstruct the villi three
dimensionally: 
1. Polystyrene models. The outlines of the villus transverse sections were traced 

onto polystyrene tiles and cut out with a hot wire. The areas occupied by the 
metaplastic cells were shaded red. The shapes were aligned as indicated by the 
serial section analysis and glued together. 

2. Computer-aided reconstruction. The three-dimensional reconstruction package 
produced by Contextvision (Sweden) was used. 

Results 

Effectively all the conclusions can be derived considering the two villi shown in 
section in Fig. 3, and modelled in Fig. 4. In Fig. 3 a, the tips of the two adjacent 
villi are shown, each showing metaplastic cells; note that the villus tips, with their 
metaplastic cells are some distance from each other. Figure 3 b shows a section 
about halfway down the two villi. Figures 3 c and 3 d show levels progressively 
closer to the vestibular-villous junction. It can be readily appreciated that the two 
areas of metaplasia, while still on different villi, became closer together until 
finally they met face to face (Fig. 3 d) and fused to form a single vestibule (Fig. 3 e). 

Thus this single vestibule is supplying metaplastic cells to two villi at the level of 
the vestibule, where cells emerge onto the surface. The migrating cells evidently 
divide into two streams, one destined for each villus. 

The migration pathway on the villi can be best appreciated by inspecting the 
three-dimensional reconstruction (Fig. 4). Here the model consists of one whole 
villus and part of a second villus. With the model opened out to display the facing 
surfaces of the two adjacent villi, the two trains of gastric metaplastic cells can be 
seen going upwards from the same vestibule. Migration is seen to be in straight 
lines, and these migration lines are relatively tight with little mixing of metaplastic 
cells with enterocytes once the cells are on the villus surface proper, so that the 
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a 

b 

Fig.3a-£. A selection of levels through the villi modelled and discussed in the text: a about 
midvillus level, b at the vestibular-villus junction, c within the vestibule. Note that the areas of 
metaplasia on the two villi (arrowed) d move towards each other e as the vestibular-villous 
junction is reached, and £ join to form the same vestibule 
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Fig.3c 

Fig. 3d 
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Fig.3e 

Fig.3f 
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migration pathway stands out distinctly. Around the villus base, however, there is 
a small degree of cell mixing with some single metaplastic cells isolated from the 
main migration streams; indeed in Figs. 4 a and 4 c, there are some few metaplastic 
cells around the villus base completely isolated and not apparently associated with 
any main metaplastic cell stream. In some places, the migration pathway of 
metaplastic cells appears to be squeezed by the migrating enterocytes at each side 
of the stream. At the mid-villus level, some metaplastic cells leave the stream and 
move onto the migration pathway of the neighbouring enterocytes (Fig.4c). 
Similarly there is a focal tendency for enterocytes to invade the migration pathway 
of the metaplastic cells (Figs. 4a-c). 

Another face of the complete villus (Fig. 4a) shows a different pattern: two 
cohorts of migrating metaplastic cells are seen moving upwards and sandwiching a 
column of enterocytes; note that all three migration pathways are tight and 
relatively straight. Eventually, the enterocyte migration pathway becomes 
blocked offby metaplastic cells, while the extreme left-hand column of metaplastic 
cells in Fig. 4a then comes to an abrupt end, with cells possibly rejoining the main 
column. At the very tip of the complete villus, a large area is occupied by 
metaplastic cells at the junction of two migrating metaplastic streams. The 
computer-aided reconstruction showed basically the same arrangement. 

Fig.4a-c. Serial views of the polystyrene 
villus model 
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Fig.4b Fig.4c 

When the serial sections were continued below the level of the vestibule, the 
vestibule was seen to divide into several crypt-like tubules still lined with gastric 
metaplastic cells (Fig. 3 f). Further down, where normal duodenal crypts end in 
zones of Paneth's cells, these tubules, still lined with cells having the morphology 
of metaplastic cells, are seen to penetrate the muscular mucosa (Fig. 3 f). 

Discussion 

These observations allow several conclusions to be drawn about migrating cells in 
the human small intestine. Firstly, that migrating cells from the crypts and 
vestibules largely remain associated with each other, and that as they move onto 
the villus, they migrate in relatively tight cohorts. While there is some intermin
gling of cells on the lower villus, there is certainly no extensive mixing, as suggested 
by Smith and Peacock [6] and Partridge and Simpson [8]. Thus, as cells migrate 
from the vestibule towards the villus base, which can be some distance [14], they 
remain relatively closely associated with each other. This is particularly interesting 
since studies in both chimaeric mice [14] and mice which are heterozygous for 
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glucose-6-phosphate dehydrogenase [18] show a similar arrangement. It might be 
expected that cells meeting the migrating progeny of other crypts, particularly at 
the rapid migration velocity recorded for the small intestine [19], would freely 
intermingle and any migration pathway would rapidly become effaced. Despite 
some intermingling in human duodenal villi (Fig. 3), the migration pathway 
remains very distinct and, of course, there must be some good reason for this: 
Wilson et ai. [14] speculated that the spot desmosomes [20], which act like rivets to 
hold the epithelial cells together at button-like points of contact, are so strong as to 
make a very rigid and organised cell sheet, and thus allow little or no mixing. 
Perhaps in the human case, some of these contacts are less strong: hence minor 
mixing at the base. However, note the very thin pathway of the right-hand villus in 
Fig. 4a. Often this is only one or two cells in thickness, but it still maintains its 
uninterrupted integrity as a defined migration pathway. On the other hand, even 
on the villus, some cells become isolated as groups or as single cells, so there is 
indeed some scope for lateral migration. 

It is also revealing that migration is in relatively straight lines. There is no 
evidence for the spiral pathway suggested by Carr et aI., [7], neither have we found 
any evidence of interrupted migration streams or short migration streams that are 
such a feature of the migration pathway in the chimaeric mouse [11,12]. It is true 
that minor columns appear to peter out (Fig. 4a), but here cells may be moving 
slightly laterally on the villi to rejoin another stream, and there is no need to 
involve periodic cessation of crypt cell production, as has been suggested in the 
mouse model, to explain interrupted columns. 

However, we might ask what has happened to those cells at the base of the villus 
not associated with any migration pathway, and indeed the nature of their fate: 
have they merely become isolated from major metaplastic migration pathways by 
more pronounced lateral migration and are migrating in the enterocyte escalator 
instead? Quite possibly, but we should note the proposal of Partridge and Simpson 
[8] that traffic jams of cells exist at villus bases, in which some cells, unable to get 
onto the main migration pathway, were held up for protracted periods, perhaps 
indefinitely. 

We have shown that a single vestibule (Fig. 1) can supply cells to more than one 
villus, as is also the case in the mouse [13, 14], and in the case described in detail 
here, the migrating progeny of this vestibule divide apparently unevenly, with 
most cells moving onto the right hand villus, as seen in Fig. 4c. The factors which 
control this division are of course presently unknown. 

The question must be put as to whether the demonstrated migration pattern of 
these metaplastic cells is also representative of migrating enterocytes. Of course, it 
may be that metaplastic cells have special desmosomal contacts which link them 
inexorably together, and that villus enterocytes migrate in quite a different 
manner. We concede that this is possible but unlikely; the enterocytes in Fig. 4a 
also migrate in a straight line (albeit bounded by metaplastic cells). Moreover, the 
pattern shown here is remarkably similar to that described in the mouse [14, 12]. 
However, we have confined our definitive conclusions to metaplastic cells. 

A further question must be about the nature of the motive force for migrating 
cells on the villi. This is an old problem for which there is still no satisfactory 
answer. Perhaps at this time we can merely say that so-called mitotic pressure is 
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unlikely to be the cause, since migration continues in the presence of total mitotic 
inhibition [21], and it is likely that migration is an active process on the part of the 
villus epithelial cell. In this respect, a largely neglected field is the geometry of cell 
migration in this villus sheet. Individual cells are probably hexagonal in shape, 
and the introduction of a specific, defined and recognizable cell type, such as 
gastric metaplastic epithelium, into an epithelial sheet, is a tissue geometry 
problem that has received considerable theoretic treatment [21] but little 
experimental attention in the mammalian case. Opening out the villus epithelium 
into a notional sheet, and modelling the movement of intruding metaplastic cells 
using the approaches suggested by Bjerknes [22] is one possible approach. 

Finally, our observations cast some light on the fascinating question of the 
nature of metaplasia in gastrointestinal epithelial cells. There are two common 
types of epithelial metaplasia - intestinal metaplasia as seen often in the stomach, 
and the gastric metaplasia seen here. A similar cell lineage which occurs in the 
stomach, small intestine and colon is often called pyloric or pseudopyloric 
metaplasia. In the small intestine, pyloric metaplasia is frequently associated with 
ulceration, and in the duodenum, with chronic active duodenitis and duodenal 
ulcer disease [16]. However, it is also well described in non-inflamed mucosa. The 
relatively large area of metaplastic cells on the villus tip is consistent with the 
observation, frequently made on routine histological material, that gastric 
metaplasia is most often seen on, or confined to, the villus tips [16, 17] and 
consequently takes its origin from differentiated villus enterocytes. However, any 
longitudinal section which includes the large metaplastic area on the tip of the 
villus (as shown in Fig. 4) and avoids a migration pathway (as most longitudinal 
sections through this villus would) gives the impression that gastric metaplasia is 
confined to the tip, which is of course patently not the case. On the other hand, 
most investigators would ascribe this metaplasia to an induced change in the 
direction of stem cell differentiation in duodenal crypts, towards a cell lineage 
which resembles, or in fact is, the mucous cells on the surface of the stomach 
foveolars. In fact, Slack [23] has suggested that metaplasia is a clonal phenomenon 
due to activation and transcription of homeotic genes in stem cells. It could be, of 
course, that duodenal crypt stem cells undergo a metaplastic change and 
repopulate not only their associated crypts and villi with gastric metaplastic 
cells, but also the underlying Brunner's glands ducts, which of course enter and 
are in direct continuity with the crypt bases. We consider this to be unlikely 
because 
a) the tubules, lined with metaplastic epithelium, which communicate with 

Brunner's glands ducts and are continuous with the metaplastic cells on the 
villi, do not contain mitotic figures, unlike the nearby crypts (Fig. 3 f), 

b) the metaplastic cells show distinct light microscopic and electron microscopic 
resemblance to Brunner's glands ducts epithelium [24, 25], and 

c) Rhodes [25] in the histamine-stimulated cat, showed that gastric metaplasia 
was in direct continuity with Brunner's glands ducts. 

Our observations indicate, thus, that it is distinctly possible that so-called gastric 
metaplasia is nothing more than an overgrowth of Brunner's glands duct 
epithelium onto the villi. It is well known that Brunner's glands secrete 
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bicarbonate, mucus and epidermal growth factor/urogastrone (EGF/URO). 
EGF /URO acts to inhibit gastric acid secretion and is also cytoprotective. 

However, our three-dimensional studies [26] on the histogenesis of pyloric 
metaplasia in the small intestine in Crohn's disease show that the tubules take their 
origin from the crypt base, ramify in the lamina propria to form a small gland, and 
then reach the surface by growing up the core of an adjacent villus, opening into 
the surface via a pore. Metaplastic cells migrate through this pore onto the villus 
surface, clothing the surface where they resemble exactly the gastric metaplastic 
cells of the duodenum. The appearances in Fig. 3 f would also be consistent with 
this mode of histogenesis. 

From a teleological viewpoint, it is possible that gastric metaplasia may 
represent an attempt by a duodenal mucosa, assaulted by excess gastric acid to 
redress the balance. A major examination of the phenotype of these metaplastic 
cells and their resemblance to Brunner's glands duct epithelium on the one hand, 
and the gastric foveolar-surface mucous cell, on the other, seems warranted, as 
does an exploration of the relationship between the extent of gastric metaplasia 
and duodenal EGF /URO content. Whatever its nature, it is clear that following 
the pathways of migration ofthis easily defined epithelium is a considerable tool 
for investigating migration patterns in human intestinal epithelial sheets. 
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Gastric Metaplasia in Duodenal Mucosa -
Key Factor for H. pylori Colonization and Duodenal 
Ulcer Pathogenesis? 

P. MALFERTHEINER, A. STANESCU, G. BODE, K. BAczAKo, Ph. KUHL, 
and H. DITSCHUNEIT 

Surface mucus cells (SMCs) of the gastric epithelium are the target cells for 
H. pylori colonization [1]. In contrast epithelial cells with absorptive function 
lining the duodenal and intestinal mucosa were never found to be colonized by 
H. pylori. The specific interrelationship (i.e. adhesion) between H. pylori and its 
gastric target cell is responsible for the unique location of H. pylori in the stomach 
(antrum and body area) with the only exception of its ectopic localization on 
metaplastic gastric SMCs in different parts of the gastrointestinal tract. Outside of 
the stomach H. pylori has been detected on gastric type epithelium in the 
duodenum [2-4], in the esophagus [5], Meckel's diverticula [6] and the rectum [7]. 

The postulated contributing role of H. pylori in the pathogenesis of duodenal 
ulcer and its specific affinity to gastric SMCs have focused the interest on gastric 
metaplasia in the duodenum [8, 9]. The following questions concerning gastric 
metaplasia in the duodenum will be discussed in this chapter: 
1. Is gastric metaplasia a well-defined entity? 
2. Is gastric metaplasia in the duodenum a variation from normal or is it 

abnormal? 
3. What mechanisms induce the formation of gastric metaplasia in the 

duodenum? 
4. What is the pathological significance of gastric metaplasia in the duodenum? 

Gastric Metaplasia: Definition and Characterization 

Gastric type mucosa, microscopically recognized by positive staining with the 
periodic acid-Schiff reagent (PAS) may be detected as small foci in different 
regions of the gastrointestinal tract. Gastric metaplasia is most frequently 
observed in duodenal mucosa with a patchy distribution and preferentially in 
close proximity to the pyloroduodenal junction [10, 11]. More exceptionally 
gastric metaplasia is detected in other parts of the gastrointestinal tract including 
the esophagus, rectum, and gallbladder [5-7], and the same locations have been 
reported for gastric heterotopias [12,13]. In conditions other than in association 
with intestinal diseases a definite answer is not available whether gastric 
metaplasia is a congenital or acquired condition. The association of gastric 
metaplasia with pathological conditions will be considered separately. 
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A clear distinction has to be made between gastric metaplasia that is related to 
intestinal mucosa containing exclusively SMCs from gastric heterotopia, i.e. tissue 
containing SMCs as well as parietal and chief cells. Various recent studies have 
dealt with the issue of heterotopic gastric mucosa, less frequently observed in 
duodenal mucosa than gastric metaplasia [9, 14, 15]. Gastric heterotopia appears 
as well-structured gastric tissue and is thought to be congenital in origin [17]. 

Gastric metaplasia if by definition restricted to gastric SMCs may be 
distinguished on a cellular level in complete metaplastic cells and transitional 
metaplastic cells. Complete gastric metaplastic cells appear as prismatic epithelial 
cells with stunted microvilli and a high density of secretory granules in the apical 
cellular region. The transitional type cell combines the aspects of SMCs and 
absorptive type cells (enterocytes) with more pronounced microvilli and few 
secretory granules (Figs. 1, 2). 

Based on histological criteria gastric metaplasia is considered complete if villi 
are totally affected or incomplete when only parts of the duodenal villi are lined 
with gastric type SMCs (Figs. 3, 4). Using light microscopy techniques early 
changes of the normal duodenal mucosa and the beginning transformation into 
gastric metaplasia are observable with alkaline phosphatase staining. Alkaline 
phosphatase may get lost before other structural changes become apparent. The 
distinction between fully developed gastric metaplasia and gastric heterotopia is 
easily made using conventional histology (Fig. 5). 

Fig.1. Complete metaplastic surface mucus cells (SMCs) of the gastric type, next to incomplete 
SMC and a goblet cell (EM, x 3800) 
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Fig, 2. Gastric metaplasia in continuity with duodenal type mucosa (enterocytes; EM, x 3800) 

Fig, 3. Complete gastric metaplasia on duo
denal villi (Hematoxylin-Eosin, x 20) 

Fig. 4. Incomplete gastric metaplasia on a 
duodenal villus (PAS, x 20) 
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Fig. 5. Gastric heterotopia in duodenal mucosa (Hematoxylin-Eosin, x 20) 

Is Gastric Metaplasia in the Duodenum a Normal Variation or Is It 
Abnormal? 

A definite answer to this question is currently not available because of conflicting 
data reported in the literature. These inconclusive data are influenced by patient 
selection bias and by sampling of duodenal biopsy specimens mostly obtained 
from patients with macroscopically abnormal duodenal mucosa. Moreover, an 
insufficient number of biopsy specimens were taken by most investigators and 
these may not be sufficient for correctly interpreting a condition that is 
characterized by its patchy nature. In a carefully performed prospective study 
Kreuning et al. [10] detected gastric metaplasia in 64 % of healthy controls in one 
out of six biopsy specimens taken from different sites of the proximal duodenum. 
In the same study, however, only a smaller group of patients was found to have 
gastric metaplasia in more than one and only few in more than two of the duodenal 
biopsy specimens [10]. This study confirms the patchy nature of gastric metaplasia 
in the duodenum and explains discrepancies that may arise due to different 
sampling sites. To further address this question Lawson [11] contributed by 
studying gastroduodenal mucosal strips taken from resected specimens during 
Whipple's procedure. He found that the antroduodenal junction until 1 cm 
beyond the pylorus was partly lined with gastric SMCs but no further SMCs could 
be detected beyond this restricted area. Different authors have reported a high 
prevalence of gastric metaplasia associated with duodenitis and duodenal ulcer 
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Table 1. Prevalence of gastric metaplasia in the duodenum in health and disease 

GM detected (%) 

Controls Ref. 
Kreuning et al. 1978 [10] 64 
Lawson 1988 [11] 0 
Wyatt et al. 1987 [18] 16 
Duodenitis 
Shousha et al. 1983 [19] 72 
Wyatt et al. 1987 [18] 85 
Duodenal ulcer Ulcer border (%) 
James 1964 [17] 90 
Patrick et al. 1974 [20] 78 
Gregory et al. 1982 [21] 100 
Steer 1985 [22] 58 
Malfertheiner et al. 1985 [23] 100 
Marshall et al. 1988 [ 4] 92 
Carrick et al. 1989 [16] 91 

GM = gastric metaplasia 

but infrequently in healthy controls (Table 1). To contribute to this debated issue 
we studied biopsy specimens obtained from the mid- and distal portion of the 
duodenal bulb in 129 patients with normal macroscopic findings ofthe duodenal 
mucosa and found gastric metaplasia to be present in 18 % of these patients. 
Contrary to the low prevalence of SMCs in the duodenum of individuals with an 
intact mucosa, we found gastric metaplasia to be constantly present at the edge of 
duodenal ulcers [23, 24]. The actual available data show that gastric metaplasia 
prevails in patients with duodenal ulcer and duodenitis. 

The detection of gastric metaplasia in healthy people depends mainly on the 
duodenal site from which the biopsy specimens are taken. Critical for the 
pathophysiological role of gastric metaplasia in duodenal ulcer pathogenesis may 
be the extent of gastric metaplasia in the duodenal bulb. Extended areas of SMCs 
in the duodenum may offer a greater surface and consequently higher risk for 
infection with H.pylori than small foci of SMCs. James found 16% of the 
duodenal villi affected by gastric metaplasia in his study on ten patients with 
duodenal ulcer. More data on the extent of gastric metaplasia in patients with 
duodenal ulcer are eagerly awaited. 

What Mechanisms Induce the Formation of Gastric Metaplasia in the 
Duodenum? 

Gastric metaplasia may be considered an nonspecific response to mucosal injury 
of any kind, since it is observed in association with duodenal ulcers as well as with 
intestinal ulcerations during the course of inflammatory bowel diseases [9, 25, 26]. 
The major aggression to the duodenal mucosa appears to be mediated by the 
duodenal acid load. Experiments on cats, rats, and pigs have shown that gastric 
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metaplasia can be induced by an increased exposure of the duodenal mucosa to 
acid [27 - 29]. Some evidence for the role of gastric acid hypersecretion for the 
induction of gastric metaplasia is found also in humans. Few patients with 
Zollinger-Ellison syndrome have been reported to have a marked presence of 
gastric metaplasia in the duodenum [30, 31]. Patrick et al. [20] and Wyatt et al. [18] 
suggested from their studies that gastric metaplasia of the duodenal bulb is closely 
correlated with gastric acid output. In favor of the acid theory concerning the 
formation of gastric metaplasia in the duodenum are observations that report a 
reversion of gastric metaplasia following highly selective vagotomy [32]. Short
term treatment with H2-receptor antagonists was not effective in reversing gastric 
metaplasia [33]. Although acid hypersecretion is known to occur in one- to two
thirds of patients with duodenal ulcer, disease gastric metaplasia in the duodenum 
is present in 90 % -100 % of these patients. This points to the importance of 
hyperacidity in the duodenal bulb as net effect, which may only partly result from 
acid hypersecretion, but partly from a disturbed bicarbonate secretion of the 
duodenal mucosa or from defective clearing mechanisms (i.e. motor disorders). 
Few other factors, such as sex (prevalence of males) and old age, are discussed as 
factors involved in the genesis of gastric metaplasia, but only few epidemiological 
data exist to support them [32]. 

In a prospective study on 129 patients presenting with dyspepsia and 
macroscopically normal duodenal mucosa, we found H. pylori in antral mucosa 
and the histological activity of antral gastritis not to be related to the occurrence of 
gastric metaplasia in the duodenum (Fig. 6). This observation makes it rather 
unlikely that H. pylori infection itself leads to the formation of gastric metaplasia 
in the duodenum. 
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Fig. 6. Relationship between occurrence of gastric metaplasia in duodenum and inflammatory 
activity and H. pylori colonization in antral mucosa in patients with endoscopical normal 
duodenal mucosa 
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What Is the Pathological Significance of Gastric Metaplasia in the 
Duodenum? 

According to the broad concept of gastric metaplasia as a nonspecific response to 
any kind of harmful agent in any part of the entire intestine, gastric metaplasia 
may be considered as an "emergency" tissue build-up for protection from mucosal 
disease. More specifically the formation of gastric metaplasia in the duodenum is 
intended to conteract the increased acid load. In fact SMCs of the gastric 
epithelium appear most effective in the protection against acid corrosion by 
producing mucus and by participating in the transport and entrapment of 
bicarbonate within the mucus [34, 35]. The increased defensive quality of the 
metaplastic transformed duodenal mucosa becomes obsolete when these meta
plastic SMCs become infected by H. pylori. 

There are considerable data to show that H. pylori attaches to duodenal mucosa 
only at the site of gastric metaplasia (Fig. 7) [4, 18,24]. It has also been shown that 
gastric metaplasia in the duodenum becomes infected only in the presence of 
infected antral mucosa [36]. This suggests that antral infection spreads to the 
duodenum when the condition of gastric metaplasia preexists. It is rather unlikely 
that antral colonization with H. pylori induces the transformation of the duodenal 
epithelium, as we did not find a significant correlation between antral infection 
with H. pylori and the occurrence of gastric metaplasia in the duodenum. When 
gastric metaplasia becomes infected duodenal inflammation results [18, 37] and 
the inflamed mucosa may be less resistent to aggressive factors. The mucus 
secreting function of SMCs infected by H. pylori appears altered with an increase 
in sialic acid and a decrease in fucose [38] . 
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Fig. 7. Adhesion of H. pylori on metaplastic gastric SMC in duodenal mucosa 
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Fig. 8. Flowgram of the hypothesis for the role of gastric metaplasia as a factor contributing to 
the formation of duodenal ulcers 

The hypothesis for the role of gastric metaplasia as a factor contributing to 
duodenal ulcer formation is summarized in the flowgram (Fig. 8). The persistence 
of gastric metaplasia following treatment with conventional acid-inhibitory drugs 
may predispose to frequent duodenal ulcer relapses, whereas the reversibility of 
gastric metaplasia following proximal gastral vagotomy may explain the low 
relapse rate of duodenal ulcers following the surgical procedure. More data are 
needed for confirmation whether gastric metaplaia is an obligatory condition for 
H. pylori infection of the duodenum and whether that is an essential cofactor in 
duodenal ulcer formation. Future successful therapeutic strategies may try either 
to reverse the metaplastic tissue or to eradicate H. pylori infection, or both. 
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The Relationship Between Gastric Metaplasia 
and Inflammation in the Duodenum 

J.I. WYATT 

Gastric metaplasia (GM) is a response of intestinal mucosa to injury, and occurs 
at various sites along the gastrointestinal tract in response to mucosal ulceration. 
Examples of this have already been discussed (see p. 279, 292). 

In this contribution, the evidence that the mucosal damage occurring in the 
context of inflammation in the duodenum may itself be a factor in leading to 
further development of GM is reviewed. While this would enhance healing at 
other sites, perhaps by the production of growth factors, in the patient with 
duodenitis and H. pylori the expansion of GM in the duodenum would increase 
the area available for colonisation by H. pylori. 

In animals, GM develops at the site of healing duodenal mucosa, whether the 
damage has been caused by physical [1] or chemical [2] injury, or by excess acid [3-
5]. In cats treated with subcutaneous histamine to stimulate acid secretion, those 
with more severe mucosal damage, resulting in ulceration, showed more extensive 
GM than those treated in the same way which did not develop ulceration [5]. 
Tatsuta et aI., studying chemical (NaOH) injury in rats [2], found that GM 
occurred in the context of healing of mucosal damage in the presence of acid. 

GM occurs in the duodenum in otherwise normal subjects. We have found it in 
22 % of patients without duodenitis if one biopsy is examined [6]. Sampling error is 
clearly important in such a study, and Kreuning et aI., examining multiple 
biopsies, stated the frequency of GM in asymptommatic subjects to be 64%, 
infrequently associated with inflammation [7]. However, in the absence of 
inflammation it is unusual to find more than isolated foci of G M, typically at the 
tips of occasional villi. 

A number of authors have described a quantitative relationship between the 
presence of inflammation and the extent of GM [8, 9]. Shousha et aI. [8], in a study 
of 120 patients with non-ulcer dyspepsia, stated that the extent of GM was directly 
related to the severity of inflammation. The detailed morphometric study by 
Jenkins et aI. [9] examined the correlation between different histological 
parameters in the duodenal mucosa. Highly significant correlations were found 
between GM and neutrophil infiltration, and to a lesser extent with villous 
blunting. No association was found, however, between chronic inflammatory cell 
infiltration and the presence of GM. Some of our own experience relating the 
extent of GM to duodenal inflammation is summarised in Fig. 1. There is a 
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Fig.I. Relation between the likelihood of duodenal inflammation and the extent of GM in 
duodenal biopsies from 467 patients. 

significant association between the degree of GM and the presence of active 
duodenitis, although the similar trend for chronic inflammation did not reach 
significance. 

We have found GM in 31 % of single duodenal biopsies, and shown that the 
frequency of finding GM is similar in H. pylori positive and H. pylori negative 
subjects (h). However, the extent of GM in the H . pylori positive subjects was 
significantly greater than in the H. pylori negative ones. This difference is largely 
accounted for by the subgroup of H. pylori positive persons with duodenal 
inflammation (Fig. 2), which is consistent with the inflammation in this group 
being a stimulus to metaplastic change. 

The most consistant site for finding GM in the duodenum is at the margin of a 
duodenal ulcer [10]. This suggests that ulceration develops within (or at the edge 
of) an area of GM, and that ulceration occurs when there is a breakdown in the 
integrity of the mucosa in an area of metaplasia. GM forms during healing of 
duodenal ulceration [11, 12] and in addition G M tends to persist at the site of the 
ulcer after healing [13], which may account for the tendency for recurrent ulcers to 
form at the site of previous ulceration. 

The above observations may be explained by a positive feedback mechanism 
whereby H. pylori infection of metaplastic foci furthers the duodenal mucosal 
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Fig. 2. The extent of GM in the duodenum in patients according to the absence or presence of 
H . pylori associated gastritis (p = 0.002 for H. pylori negative vs. H. pylori positive-patients) 

damage, which extends the area of metaplasia and thus increases susceptibility to 
wider H. pylori colonisation, and increasing severity of duodenitis. This effect 
would tend to weight the balance of aggressive and protective factors at the 
mucosal surface towards developing ulceration. 

If this mechanism is operating in vivo, then eradication of H. pylori would result 
in healing of the duodenitis followed by a reduction in the extent ofGM. Follow
up studies of biopsies from the duodenum will be important to determine whether 
eradication of H. pylori is accompanied by healing of duodenitis and resolution of 
G M . Animal models suggest that gastric metaplasia is reversible and resolves after 
healing of the mucosa [1,2]. 
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Gastroduodenal Motility in Relation to Peptic Ulcer 
Pathogenesis and Helicohacter pylori Infection 

o. PIERAMICO and P. MALFERTHEINER 

Multiple factors and in varying degrees are involved in the etiology of peptic ulcer 
disease. Gastric acid secretion, mucosal defense mechanisms, gut hormones (i.e., 
hypergastrinemia), and motor disorders of the upper gastrointestinal tract have 
been associated with the pathogenesis of peptic ulcer. The relevance of motility 
disorders, however, as well as their cause-effect relationship in the pathogenesis of 
ulcers are still unclear. 

Gastric and duodenal ulcers are considered to be two separate clinical entities 
because of the differing relative influence of etiologic factors and pathogenic 
mechanisms. For this reason interdigestive and postprandial motility will be 
considered separately in the case of gastric and duodenal ulcers. 

Gastric Ulcer 

Increased duodenogastric reflux [1], fasting antral hypomotility [2], and a 
diminished frequency of phase III activity in the stomach [1] are motor disorders 
reported in the fasting state in association with gastric ulcer (GU; Table 1). The 
clinical significance of the altered interdigestive motor patterns is unclear. Phase 
III is recognized as exercising a "housekeeper" function in the GI tract [3, 4] and 
its frequent absence in patients with GU may be responsible for the prolonged 
contact of acid secretions and biliary reflux constituents with the gastric mucosa. 
The finding that normal interdigestive motility is restored in some patients after 
ulcer healing could support the hypothesis of a motor disorder secondary to the 
ulcer [2] but no studies are available to clarify this crucial point. 

Gastric emptying of solid and liquid meals seems to be different in GU. While 
emptying ofliquids is not modified, emptying of solids is delayed [5]. Since antral 
motility is important in the fragmentation and successive emptying of solid 

Table 1. Gastrointestinal motility in gastric ulcer disease 

• Fasting antral hypomotility 
• Less recurrence of phase III in the stomach 
• Increased duodenogastric reflux 
• Delayed gastric emtying of solids 

Garrett et al. [2] 
Miranda et al. [1] 
Miranda et al. [1] 
Miller et al. [5] 
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particles [6], a delayed emptying of solids correlates well with the reported antral 
postprandial hypomotility [22]. In summary, GU is associated with prolonged 
contact with the gastric mucosa of either secretions in the fasting state or digested 
materials in the postprandial state. 

Duodenal Ulcer 

Interdigestive Motility 

The occurrence of motor and secretory cycles are not modified during the 
interdigestive state in duodenal ulcer (DU) patients. Only in patients with gastric 
acid hypersecretion the duration of the migrating myoelectrical complex (MMC) 
is prolonged because of a prolonged phase II [7,8] (Table 2). The cause for the 
prolonged phase II seems to be the modified secretory status in these patients since 
i.v. bolus of H2 blocker restores a normal MMC duration [7]. An impaired orad 
transport of bicarbonate in the duodenal bulb could result from the low frequency 
of retrograde motor events in the duodenum and may explain the insufficient 
increase of duodenal pH during each phase III activity [9]. Furthermore, reduced 
duodenal motility during fasting leads to an impaired clearance of HCI from the 
bulbus [10]. 

Table 2. Gastrointestinal motility in duodenal ulcer disease 

Interdigestive motility 

• Prolonged MMC duration 
• Prolonged MMC duration in DU with 

gastric acid hypersecretion 
• Low frequency of retrograde motor events 

in duodenum 
• Low fasting antral motility 

Postprandial motility 

• Increased duodenal acid load 

• Shorter lag phase for emptying of solids 
and faster emptying of liquids 

• No difference between DU and controls during 
and after healing 

• Faster emptying of liquids in healed DU 
• Normal gastric emptying in healed DU 

Postprandial Motility 

I toh et al. [8] 
Bortolotti [7] 

Borgstrom et al. [9] 

Johnson [to] 

Malagelada et al. [16] 
Lam et al. [17] 
Maddern et al. [11] 

Holt et al. [24] 

Williams et al. [13] 
Moore et al. [12] 

The results of different studies reporting gastric emptying in DU are conflicting 
[11-14]. This is a consequence of the different techniques employed and also the 
different compositions of test meals used in these studies. 
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It has been a commonly held belief that gastric emptying is shorter in DU and 
that it provokes premature contact of the digested substances with the duodenal 
mucosa. However, studies supporting this view have often ignored the dilutional 
effect produced by gastric secretion and have not measured the postprandial 
delivery of acid into the duodenum [15, 16]. 

Malagelada et al. [16], using a perfusion technique with a nonadsorbable 
marker, found an abnormally prolonged secretory response to food with 
concomitantly high rates of acid delivery into the duodenum in patients with DU. 
Since total gastric emptying ofJoodwas not impaired, it is unlikely that DU is the 
result of a primary gastric motor disorder but it was speculated to be a failure of 
the duodenal receptors regulating secretion and emptying of acid via a feedback 
mechanism. To assess this hypothesis, Lam et al. [17] examined the sensitivity of 
duodenal pH receptors by giving liquid meals at different pH and measuring 
concurrent gastric emptying using a dilution method. Both the duodenal acid load 
and gastric emptying were found to be increased in DU compared with controls. 
This phenomenon was independent from the pH of test meals. 

The discrimination between emptying of solids and liquids has become possible 
by the introduction of scintigraphic methods. Using different markers (radioiso
topes) specific for liquids and solids, Maddern et al. [11] have quantitated 
emptying in DU. The total emptying of solids was not found to be changed in DU 
but altered in its dynamic pattern. DU patients showed a premature beginning of 
emptying as demonstrated by a shorter lag phase. The exponential emptying of 
liquids is not quantitatively different from controls but faster within the first 
30 min. From these results we learn that the gastric emptying pattern is 
particularly modified during the first postprandial hour, which supports the 
hypothesis of a disturbed sensitivity of duodenal receptors. 

Although the nature of motor disorders observed with DU seems to be defined, 
the role of motility disorders in the pathogenesis of DU is still not clear. Are the 
motor disturbances a primary disorder concomitant with the formation ofDU or 
are they a consequence of the preexisting morphological lesions? 

Attempts to answer this question have been undertaken by recording motility 
during active ulceration and after healing, but results have been contradictory [13, 
14]. A more rapid emptying of liquids only is reported in healed DU, indicating a 
primary motor disorder or a long-lasting motor disorder as consequence of the 
ulceration. 

Helicobacter pylori Infection and Gastroduodenal Motility 

Little is known about the influence of Helicobacter pylori on motility of the upper 
gastrointestinal tract. The discovery of a bacterial etiology of chronic type B 
gastritis is recent [18]. The association of DU with chronic H. pylori positive 
antrum gastritis in more than 90% of patients [19], has led to the hypothesis that 
H. py/orimay be involved in the pathogenesis ofDU but the relationships among 
H. pylori infection, peptic ulcer disease, and gastroduodenal motility remain far 
from being understood. To evaluate the relationship between antral inflammation 
and motility we studied 16 patients with non-ulcer dyspepsia (NUD) and chronic 
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antrum gastritis, divided into two groups according to their H. pylori status. In 
accordance with other studies [21,22], we found no change in the duration of the 
MMC and of the individual interdigestive phases in these patients. After food 
ingestion, 8 of the 16 NUD patients showed a decreased postprandial motor index 
in the antrum. Despite a more severe grade of inflammatory activity of the antral 
mucosa in H. pylori positive patients, the decrease of the antral postprandial 
motility was similar between H. pylori positive and H. pylori negative patients 
with chronic gastrini (Fig. 1). 

The motor abnormalities described in chronic gastritis are not restricted to the 
inflamed areas (i.r. stomach) but could affect the entire small intestine [23] 
(Table 3). 

The association between chronic gastritis and impaired motility could support a 
primary role of motility in peptic ulcer disease (Fig. 2). A deranged gastrointes-

I MOTILITY DISORDERS 

(i.e. postprandial antral hypomotility) 

/ ~ 
increased duodenal prolonged contact 

acid load of food and secre-

tions with antral 

mucosa 

defective ph clearance 

of the bulb 

gastric H.PYLORI INFECTION influences mucosal 

metaplasia (unknown transmission) <f- b . arrl.er 

Factor x\- C01~S ~ 
DUODENAL ULCER CHRONIC ACTIVE GASTRITIS 

~ associated/ 
Fig. 1. Hypothesis for Pathogenesis of duodenal ulcer 
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Table 3. Gastrointestinal motility in NUD and chronic gastritis 

• Normal recurrence and duration of the MMC 

• Postprandial antral hypomotility in NUD 

• Postprandial antral hypomotility 
in chronic gastritis 

• Postprandial antral hypomotility 
in chronic type B gastritis; 
no difference between Cp + and Cp-

• Delayed gastric emptying in NUD; 
no difference between Cp + and Cp-

• Normal gastric emptying in type B 
chronic gastritis Cp + 

• Delayed orocecal transit time 
in chronic type B gastritis; 
no difference between Cp + and Cp-

Moore et al. [22] 
Malagelada 
and Stanghellini [20] 
Pieramico et al. [21] 
Malagelada 
and Stanghellini [20] 
Moore et al. [22] 

Pieramico et al. [21] 

Wegener et al. [25] 

Prakash et al. [26] 

Wilberg et al. [23] 

tinal motility (i.e., antral postprandial hypomotility), by inducing a prolonged 
contact offood and secretions with antral mucosa, could contribute to the chronic 
inflamation of the antral mucosa and predispose it to H. pylori colonization. On 
the other hand, gastrointestin motor disorders could favor the induction of gastric 
metaplasia in the duodenal mucosa through an increased duodenal acid load and a 
decreased acid clearance of the bulb. This hypothesis, however, is still in search of 
further corroborating data. 

12 POST - PRANDIAL ANTRAL MOTILITY 
M.1. 

10 
I • • t-.1 • • • • • 

8 • 
• 

6 

4 • 

2 

0 
CONTROLS HP+ HP-

Fig. 2. Postprandial antral motility in sixteen patients with NUD and chronic gastritis and in 
eight control subjects. 
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Relationship Between Helicobacter pylori and 
Gastroduodenal Physiology: 
Acid Secretion and Pepsinogens 

K. J. HENGELS 

It is now accepted that Helicobacter pylori (H. pylori) causes type B gastritis. 
Apart from its putative role as a cofactor in ulcerogenesis, H. pylori infection 
seems to be a predictive factor for ulcer recurrence [1]. Although H. pylori is 
known to alter gastric and duodenal morphology and function, the pathogenetic 
mechanisms behind the observed disturbances are only partly elucidated. 

Two of the key factors in ulcerogenesis that might be affected by H. pylori 
infection are gastric acid and pepsin secretion. 

Relationship Between Gastric Acid and Pepsin Secretion 

The secretion of gastric acid and pepsin is determined by genetic, endogenous and 
environmental factors such as parietal and chief cell mass, stimulation by 
neurocrine, paracrine, and endocrine mechanisms, dietary habits, and pharmaco
logical agents, etc. In a wide variety of situations parietal and chief cell functions 
are closely linked. On the other hand, significant disturbances in mucosal integrity 
will usually affect both systems. For instance atrophic gastritis will reduce both 
parietal and chief cells to nearly the same extent [2]. 

Serum Pepsinogens 

With the introduction of the serum pepsinogen determination test [3, 4], new 
insights into dynamic changes in the gastroduodenal mucosa became available [5]. 

Pepsinogens are the main digestive pro enzymes secreted by the stomach. 
Immunologically, two groups of pepsinogens can be distinguished [6]; pepsinogen 
A (pg A), which is only secreted by cells of the gastric body, and pepsinogen C 
(PG C), which is additionally produced by the cardiac and pyloric glands in the 
stomach and by Brunner's glands in the proximal duodenum. Upon secretion 
pepsinogens are acid-converted in the stomach to active pepsins. A minute portion 
of the secreted pepsinogens enters the circulation where it can be detected by 
sensitive methods such as radioimmunoassays. Serum pepsinogens are cleared by 
the kidney. Individual pepsinogen serum levels remain constant. A significant 
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positive correlation exists between peak acid output and the basal serum Pg A 
level [7]. The secretion of pepsinogens can be stimulated by gastrin [8]. 

In patients with superficial gastritis serum Pg A and predominantly Pg C levels 
are elevated indicating an increased release of pepsinogens into the circulation. 
Due to the loss of chief cells, serum Pg A concentrations in patients with atrophic 
gastritis are low. Since the normal mucosa of the gastric corpus is replaced by Pg 
C-producing metaplasia, serum Pg C levels are maintained. Accordingly, there is a 
progressive drop in the Pg A/Pg C ratio in the course of gastritis [5]. 

The integrity of the gastric mucosa and thereby the steady state of serum 
pepsinogens is profoundly disturbed when noxious agents such as nonsteroidal 
anti-inflammatory drugs (NSAID) act on the gastric mucosa [9]. 

Thus, the factors determining serum pepsinogen levels are (a) peptic cell mass, 
(b) the degree of stimulation of the peptic cells, (c) the permeability of the internal 
and external cell membranes of the peptic cells, and (d) the renal excretion and 
metabolism of pepsinogens. 

Parietal and Chief Cell Function During 
Acute Infection with H. pylori 

Epidemic gastritis is an acute disease that has been observed in patients and in 
volunteers participating in studies involving gastric intubation [10, 11]. Recently it 
has been suggested that the disease is often an iatrogenic H. pylori infection [12], 
while Marshall et al. have shown that H. pylori causes the acute upper 
gastrointestinal symptoms observed in epidemic gastritis [13]. Histologically, 
acute H. pylori-positive antral gastritis was observed which extended to the body 
of the stomach within 1 week. The antral phase of the infection was accompanied 
by a transient but considerable increase in basal acid output and pepsin secretion, 
and when the infection reached the gastric corpus, achlorhydria and hypo
secretion of pepsin were observed [12]. Since subsequent histology revealed that 
H. pylori and H. pylori antibody titers had increased [14], the outbreak of 
epidemic gastritis with hypochlorhydria that occurred in 1979 in healthy 
volunteers participating in secretory studies [11] may retrospectively be attributed 
to H. pylori infection [15]. Serum Pg A levels were markedly elevated during 
hypochlorhydria and returned to normal when gastritis and acid secretion 
improved [11]. Fasting serum gastrin concentration and the integrated gastrin 
response to a meal were similar during hypochlorhydria and after recovery. 

The mechanisms by which these functional disturbances were induced remain 
unclear. Parietal cell mass and gastric permeability remained normal [11]. 
Obstruction of the gastric glands by mucus, granulocytes, and sloughed 
epithelium have been suggested as causes of reduced acid secretion and 
hyperpepsinogenemia, as well [16]. However, this theory must still be supported 
by further evidence. Previously Cave and Vargas [17] demonstrated that H. pylori 
possesses a powerful, noncytotoxic, protein-containing inhibitor of acid secretion. 

Since hyperpepsinogenemia can be associated with various normochlorhydric 
conditions such as gastritis [5] and NSAID-induced gastropathy [9], etc., it should 
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be ascertained whether factors other than mechanical ones can explain the 
elevated serum Pg A levels in epidemic gastritis. Gastrin does not seem to be 
involved [11]. A toxin (as yet hypothetical) similar to the one described by Cave 
and Vargas, which affects chief cell function directly would be a perfect candidate 
to explain the hyperpepsinogenemia observed in epidemic gastritis. 

Whether acute H. pylori infection occasionally develops into atrophic gastritis 
with permanent hypochlorhydria is unknown. Sustained hypochlorhydria with 
clinical improvement has been observed in patients with the Zollinger-Ellison 
syndrome [17, 18]. Usually, however, when gastritis improves gastric acid 
secretion recovers to normal levels after a mean of 4 months [11]. 

Parietal and Chief Cell Function During 
Chronic Infection with H. pylori 

Patients with duodenal ulcer (DU) disease are almost invariably H. pylori positive 
[19]. They tend to have inappropriate gastrin release and higher mean basal and 
stimulated acid secretion than control subjects [20]. The pathogenetic role of 
H. pylori in this context remains to be defined. 

Recently Levi et al. [21] proposed that the ammonia produced by H. pylori from 
urea raises antral pH, thereby increasing basal as well as postprandial gastrin 
release and stimulating gastric acid secretion. This assumption was supported by 
McColl and coworkers [22] who demonstrated that eradication of H. pylori in 
patients with DU disease resulted in lower gastrin levels and reduced acid 
responses to meals. In 25 out of 30 children who were H. pylori negative after 
treatment, serum gastrin levels fell [23]. Unfortunately the level of gastric acid 
secretion was not determined. The hypothesis that H. pylori causes hypersecretion 
has not remained unchallenged. Several groups failed to find consistent relations 
between H. pylori status, acid secretion, and serum gastrin concentration [15, 24, 
25], leaving the question open to further investigations and debate. 

Serum pepsinogen levels have been found to be increased in adults with gastritis 
and peptic ulcer disease [5, 26]. Children with H. pylori-associated gastritis had 
higher serum Pg A concentrations than children without H. pylori-associated 
gastritis [27]. We recently observed a marked fall in Pg C serum concentrations in 
all H. pylori-positive patients with active gastritis who become H. pylori-negative 
with normalized gastric mucosal histology after therapy (K. J. Hengels et al., 
unpublished data). In contrast, serum Pg C levels remained unchanged in patients 
with persistent H. pylori-positive, active gastritis. These data suggest that serum 
pepsinogen levels reflect short-term changes in the gastric mucosa associated with 
H. pylori status. 

Not only the effect of H. pylori on gastric secretion, but also the influence of 
luminal acidity on H. pylori colonization has aroused considerable interest. It has 
been suggested that H. pylori is acid-sensitive [28], but other studies have 
demonstrated that the organism is uncommon in achlorhydria with and without 
pernicious anemia [29-31]. A positive correlation between the prevalence of 
H. pylori and acid secretion has been found, indicating that hypochlorhydria 
creates an unfavorable milieu for the growth of H. pylori [29]. However, other 
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factors such as changes in mucus production may also play an important role for 
H. pylori colonization of the stomach in patients with gastritis and various degrees 
of atrophy. The assumption that H. pylori depends on acid secretion is further 
supported by the observation that H. pylori is cleared from the antrum of patients 
with DU disease after the administration of omeprazole [32]. 

Conclusions 

Acute H. pylori infection is followed by hypochlorhydria and hyperpepsinogen
emia. Chronic H. pylori infection is associated with normochlorhydria and 
hyperpepsinogenemia. The pathogenetic mechanisms that cause these functional 
disturbances and the role of H. pylori hereby are unknown to a great extent. 
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Helicohacter pylori and Duodenal Ulcer -
The Gastrin Link 

J. CALAM, S. LEVI, K. BEARDSHALL, R. PLAYFORD, P. GHOSH, I. SWIFT, 
w. FOULKES, and G. HADDAD 

Introduction 

Our work represents an attempt to understand the relationship between the 
"traditional" view that increased acid secretion is an important cause of duodenal 
ulcers (DUs) and the new evidence that DU is caused by Helicobacter pylori (HP). 

Gastric Acid Secretion in Duodenal Ulcer Disease 

Mean rates of gastric acid secretion are higher in patients with DU disease than in 
normal individuals [1-4]. Gastric secretion is important in duodenal ul
cerogenesis: acid-pepsin is both corrosive and strongly proteolytic. DUs hardly 
ever occur in individuals with gastric secretion rates below the normal range [5], 
and ulcers heal rapidly if gastric secretion is suppressed [6]. Duodenal-gastric 
metaplasia, which allows Helicobacter pylori to colonise the duodenum, appear to 
be caused by gastric hypersecretion [7]. 

Patients with DU disease have, on average, more parietal cells than normals, i.e. 
a greater parietal cell mass [4]. This is reflected by an increased mean peak acid 
output (PAO), measured during maximal stimulation [1, 4]. In addition there is 
evidence that patients with DU disease secrete a greater proportion of their PAO 
after meals [2-4], suggesting that the parietal cells are stimulated more strongly, 
or for longer, after eating. 

Familial Hyperpepsinogenaemia I 

Samloff and his collaborators used serum group I pepsinogens as a measure of the 
secretory cell mass to study the origin of this abnormality in DU disease. About 
60% of patients with DU disease had pepsinogen I levels above the normal range 
[8]. Interestingly, about one-half their first degree relatives also had elevated serum 
pepsinogen I and these relatives seemed to be predisposed to DU disease [9]. At the 
time it appeared most likely that an increased secretory cell mass was an inherited 
trait which predisposes to DU disease. 
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Research into the greater stimulation of parietal cells in DU disease has 
focussed on gastrin. 

Gastrin and Duodenal Ulcer Disease 

Gastrin is a peptide hormone which is released from the gastric antrum, and to a 
lesser extent from the proximal duodenum, by food [4]. Gastrin is the most potent 
known stimulant of gastric acid secretion and appears to be responsible for most 
of the increase in acid secretion which occurs after eating [10]. In addition gastrin 
has a trophic effect on the parietal cell mass [11]. 

Mean postprandial plasma gastrin concentrations have been found to be 
increased in patients with DU disease [12]. This is remarkable because a low 
intragastric pH normally inhibits gastrin release [13]. Thus, in DU patients who 
tend to secrete excessive acid, even normal gastrin levels could be regarded as 
inappropriately high. This suggested a defect in the inhibition of gastrin release by 
a low intragastric pH in patients with DU disease. Walsh et al. showed by 
intragastric titration that gastrin release and acid secretion is indeed inhibited less 
by a low intragastric pH in DU patients than in normal individuals [13]. 

While investigating the cause of inappropriate gastrin release in DU disease, 
Taylor et al. studied an apparent subgroup of patients who had marked 
postprandial hypergastrinaemia together with gastric hypersecretion [14]. It was 
found that about one-half of the first degree relatives of these patients also have 
postprandial hypergastrinaemia with hyperpepsinogenaemia 1. These results 
suggested that the defect which leads to excess gastrin release in DU disease is 
familial. Moreover this familial defect might, through the trophic effect of gastrin 
[11], be one cause of the familial increase in secretory cell mass revealed by studies 
of pepsinogen I [4, 8, 9]. 

In recent years the main thrust of work on the aetiology of DU disease has 
turned from physiology to microbiology. 

Evidence that Helicohacter pylori (UP) Causes Duodenal Ulcer Disease 

Recent epidemiological studies have provided strong evidence that HP plays a 
major role in the aetiology of DU disease: First, the prevalence of HP is much 
greater in DU patients than in controls [15]. Second, the duration of remission of 
DU disease after different treatments is proportional to the percent eradication of 
HP that they produce. Third, ulcers tend not to recur in a particular patient until 
recolonization has taken place [16-18]. These findings have raised the question of 
how HP might cause DU disease. 

The Role of Gastric Metaplasia Within the Duodenum 

HP only colonises gastric epithelium and is most abundant in the gastric antrum 
[15]. How therefore does HP cause ulcers in the duodenum? The most popular 
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explanation is based on the presence of metaplastic gastric epithelium in the 
duodenum of most patients with DU disease. These patches of gastric metaplasia 
are believed to result from gastric hypersecretion and may be the sites of previous 
ulcers [7]. They become colonised with HP which is believed to produce ulcers by a 
local cytotoxic effect diminishing resistance to lumenal aggressive factors, 
including acid [19]. 

We considered the possibility that HP in the gastric antrum might also 
contribute to ulcerogenesis by increasing gastrin release. 

Our Hypothesis: "the Gastrin Link" 

We postulated that HP itself, rather than one or more inherited traits, might be 
responsible for hypergastrinaemia and acid hypersecretion in DU disease [20]. 
This idea was based on consideration of the likely effect of HP on the pH within 
the antral mucus layer. HP produces a powerful urease which splits urea to 
produce one carbon dioxide molecule and two ammonia molecules, with a net 
production of alkali (15]. This reaction forms the basis of the biopsy urease test 
[21]. Gastrin is released from specialised G cells located in the midregion of the 
antral gastric pits [14]. HP organisms exist, attached to epithelial cells, on the 
surface and within the pits of the gastric antrum [22]. Therefore it seemed possible 
that the production of alkali by HP might cause the impaired inhibition of gastrin 
release by intragastric acid in DU disease [13] (Fig. 1). 

If this were the case then the majority ofDU patients who have a positive urease 
test would be expected to have higher plasma gastrin concentrations than the 
minority in whom the urease test was negative. It was necessary to study the 
patient's acid secretion rate to determine that any increase in gastrin release was 
indeed inappropriate, particularly as HP is capable of diminishing gastric acid 
secretion [15, 23, 24]. 

ANTRAL 
MUCOSA 

urea 

H. PYLORI 
urease 

+ GASTRIN 

ACID 

Fig. 1. The hypothesis that prompted the work: local production of alkaline ammonia by 
Helicobacter pylori urease may prevent inhibition of gastrin release by intragastric acid 



320 J. Calam et al. 

Comparison of DU Patients with Positive and Negative Urease Tests 

Our initial results were published in The Lancet [20]. The study has now been 
extended and a total of 51 patients with DU disease have been studied [25]. Seven 
were urease negative (-ve) and 44 had a positive (+ve) biopsy urease test [21]. 
Basal plasma gastrin concentrations were significantly higher in urease + ve 
compared with in urease -ve patients (13.1 (S.E.M. 2.0) compared with 6.3 (2.6) 
pmol/l, P < 0.05). The integrated plasma gastrin response to a standard meal was 
also significantly greater in the urease +ve patients than in those in whom the test 
was - ve [20, 25] (Fig. 2). Furthermore the PAO, which reflects parietal cell mass, 
was significantly higher in the + ve than in the - ve patients (45 (3) compared with 
30 (4) mmol/h, Fig. 3). 

These results were consistent with our hypothesis that HP causes the 
hypergastrinaemia of DU disease. In addition they supported the idea that HP 
induced hypergastrinaemia is responsible for the increased mean parietal cell mass 
in DU disease. However at this stage we also considered an alternative 
explanation for our results: that the gastrin driven hypersecretion might cause HP 
colonization, rather than vice versa. We therefore repeated studies of acid and 
gastrin after treatment ofDU patients with a + ve urease test with a regime known 
to suppress the growth of HP [25]. Patients recieved tri-potassium di-citrato 
bismuthate (DeNol, Gist Brocades) 120 mg q.d.s. for 4 weeks, plus metronidazole 
400 mg t.d.s. for the last 2 weeks of treatment with DeNol. Repeat studies were 
performed within 1 week of completing this treatment [25]. 

The Effect of Suppressing the Growth of Helicobacter pylori 

Of ten patients studied, one remained urease + ve (but the test took 20 h, 
compared with 2 h before treatment, to change colour). Duodenal ulcers healed in 

2000 

O~-----L--~--~--~---T---L----
CP -ve CP +ve 

Fig. 2. Integrated meal stimulated plasma gastrin responses in patients with duodenal ulcers with 
(CP + ) and without (CP - ) antral Helicobacter pylori (n = 44 and n = 7 respectively, P < 0.05) 
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Fig. 3. Basal and peak acid output in patients with duodenal ulcers with (CP+) and without 
(CP-) antral Helicobacter pylori (n = 44 and n = 7 respectively) 

all but one patient. Treatment led to a significant fall in the integrated gastrin 
response, but PAO did not change significantly (Fig. 4). A slight fall in basal 
gastrin levels from 7.5 (1.8) to 6.7 (1.9) pmol/l after treatment was not statistically 
significant. This result supports the view that HP is responsible for the 
hypergastrinaemia ofDU disease. We are currently extending the study to include 
control groups treated with ulcer-healing regimes which do not affect HP. The 
lack of fall in PAO does not exclude the possibility that HP associated 
hypergastrinaemia eventually increases the parietal cell mass because it is likely 
that the study did not allow sufficient time for the trophic effect of gastrin to be 
reversed. Patients will be restudied 6 months after treatment. 

Discussion 

Our results support the hypothesis that HP causes the increases in mean 
postprandial plasma gastrin concentration and acid secretion rates that occur in 
patients with DU disease [20, 25]. It will be interesting to determine the 
relationship between HP colonisation and elevated serum group I pepsinogens [9] 
and hypergastrinaemia within families [14]. Many other questions need to be 
addressed. 
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How Does Helicobacter pylori Increase Gastrin Release? 

We have postulated that it does so by altering the pH within the antral 
microenvironment. This hypothesis is attractive because it offers a specific 
explanation for the defective inhibition of gastrin release by a low intragastric pH 
that Walsh et al. originally described in patients with DU disease [13]. In addition 
prolonged alkalinization of the antrum is already known to produce major 
increases in gastrin release, including greater postprandial release, as seen in 
patients with pernicious anaemia [26]. 

Wyatt et al. have suggested that HP might increase gastrin release by producing 
antral inflammation. They found elevated basal plasma gastrin levels in associ
ation with antral inflammation, whether HP was present or not [27]. Acid was not 
measured so that it remains possible that the four HP-ve patients with antritis in 
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that study had increased plasma gastrin levels because of diminished acid 
secretion. However there is already evidence that immunological activation 
releases gastrin: exposure of immunised animals to immunogen causes gastrin 
release [28] and the cytokines gamma interferon and interleukin 2 stimulate release 
of gastrin from the isolated canine antrum [29]. Cooper et al. found that patients 
with hypergastrinemic DU disease have an antrum which is abnormally sensitive 
to weak stimulants of gastrin release, at constant pH [30]. This finding is consistent 
with synergistic stimulation of gastrin release by meals and some other intra
epithelial factor. 

At present it seems possible that HP increases gastrin release by more than one 
mechanism. 

How Does DeNol Heal Duodenal Ulcers? 

Our results, and those of McColl et al. [31], indicate that eradication of HP 
diminishes gastrin release. McColl was able to show than the intragastric pH after 
a standard meal was significantly more alkaline after eradication but there was no 
obvious change in pH throughout a 24-h period. Ulcer healing on DeNo1 is as 
rapid as on ranitidine which has a much greater effect on intragastric pH [31, 32]. 
Therfore it seems likely that DeN 01 heals ulcers by other mechanisms. DeN 01 may 
produce rapid healing by its antimicrobial effect on HP organisms within the 
duodenum [33], allowing repair of "the leaking roof' [19]. DeN 01 combines with 
ulcer slough which may protect the ulcer crater itself [34]. DeNo1 also stimulates 
gastric prostaglandin synthesis producing cytoprotection [35], although it is not 
clear whether this also occurs in the duodenum. 

What Causes Duodenal Ulcers in Patients with a Negative Urease Test 

In our study 7 out of 51 (14%) patients had a negative urease test. We used 
McNulty's modified method which was found by McNulty et al. to have a 
specificity of99.8 % and has a sensitivity of90%, compared with the accumulated 
result of Gram stain, histology and culture [21]. However when organisms 
presented in patients with a negative urease test they were scanty. At present it is 
not clear whether the scanty organisms, if present, contribute to ulcerogenesis, or 
whether ulcers in such individuals are due to one of the other abnormalities that 
are present in patients with DU disease, such as rapid gastric emptying of acid into 
the duodenum [4], or diminished duodenal prostaglandin synthesis [36], perhaps 
due to cigarette smoking [37]. 

Why Does HP Apparently Cause No Disease in Some lnidviduals and Different 
Diseases in Others? 

First infection with HP is known to produce symptomatic gastritis [38, 23] with 
temporarily diminished acid secretion [24], but it is not clear whether these events 
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always occur on first exposure to HP. Also the proportion of patients who become 
chronically colonised with HP after initial exposure is not known. 

Once the individual has become colonised he is very likely to have histological 
type B gastritis, but to have no symptoms. Type B gastritis affects the gastric 
antrum, but the not the body and fundus which secrete acid. The prevalence ofHP 
colonisation in type B gastritis is about 70 % [39]. At this stage, according to the 
work of Smith et aI., the individual will have normal gastric acid secretion but 
elevated plasma gastrin concentrations [18]. 

What proportion of individuals progress from HP associated type B gastritis to 
duodenal ulcer disease is not known. An obsessional autopsy study in Leeds 
showed active or healed DUs in about 13% of individuals (males 17%, females 
8 %) aged 40-49 years [40]. About 33 % of an American population were 
colonised with HP in this age [41]. 

The sequence of events between type B gastritis and DU disease remains open to 
speculation. Possibly the hypergastrinaemia ofHP associated type B gastritis [18] 
increases acid secretion through its trophic [11] and stimulatory [10] effects, 
producing duodenal gastric metaplasia [7] which becomes colonised with HP, 
leading to ulcers [19]. 

Whether or not this sequence of events takes place may depend partly on the 
presence or absence of type A gastritis. Type A gastritis is associated with anti
parietal cell antibodies, affects the body and fundus of the stomach and diminishes 
acid secretion [42]. The prevalence of type A gastritis increases with age [43]. Thus 
DU disease may be initiated if HP colonisation occurs before type A gastritis 
develops and prevents hypersecretion. This is consistent with the typical presence 
ofHP and type B gastritis and the absence of type A gastritis in patients with DU 
disease [44]. However colonisation with HP in the presence of type A Gastritis may 
predispose to other diseases: chronic gastric ulcer and carcinoma of the stomach 
are both associated with the presence of type A gastritis together with type B 
gastritis [45]. Recent evidence suggests that HP may predispose to both of these 
conditions [46, 47]. 

The most severe form of type A gastritis leads to complete absence of gastric 
acid secretion. This state appears to protect the stomach from colonisation with 
HP, perhaps because acid is needed to neutralise the ammonia produced by 
urease, or because other organisms which colonise the anacid stomach compete 
with HP [48]. 

What is quite clear is that the isolation ofHP by Marshall in 1982 [49] has led to 
a revolution in our understanding of several common diseases which is both 
fascinating scientifically, and offers the prospect of greatly improved prevention 
and treatment. 
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Introduction 

During the past 10 years it has been noted in several clinical trials that patients 
with duodenal ulcers (DU) treated with bismuth compounds experienced lower 
relapse rates than DU patients treated with H 2-receptor antagonists [1]. With the 
redetection of Helieobaeter (Campy/obaeter) pylori (HP) in 1982 and its 
subsequent culture from gastroduodenal biopsy material it has emerged that the 
main action of bismuth salts may be bactericidal. Bismuth may lead to clearance 
of HP and subsequent healing of gastritis. The colonization of gastric metaplasia 
in the duodenal bulb by HP provides the missing link between antral gastritis in 
many patients and the development of DU in only some of them. 

Recent clinical trials suggest that eradication of HP from the gastroduodenal 
mucosa may prevent relapse of DU and thus may heal DU disease [2-6]. 
However, many questions are left unanswered by these preliminary studies, 
possibly due to the small numbers of patients. 

We wanted to test these findings from the first clinical studies by using a larger 
series of DU patients to thereby try to get further insight into the conditions that 
determine DU relapse. 
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Methods 

Patient Selection 

Patients aged 18-75 years having an active DU with a diameter of at least 5 mm 
were selected; those with gastric or pyloric ulcers, those who took H 2-receptor 
antagonists, bismuth compounds, antibiotics, or any other antiulcer medication 
(daily) during the last 4 weeks before endoscopy, and those who took corticoster
oids, NSARs, or regularly more than 100 mg acetylsalicylic acid or any other 
antiinflammatory medication regularly were not eligible for the study. 

Further exclusion criteria were ulcer surgery including PSV (except where 
there was a history of ulcer perforation), pregnancy, renal insufficiency 
(creatinine> 2.5 mgjdl), and any presenting contraindications for biopsy 
(Table 1). 

Table 1. Inclusion and exclusion criteria 

Inclusion 

• All patients between 18 and 75 years who were HP positive in the HP culture and/or WS stain 

Exclusion 

• Patients with bismuth, antibiotic, and Hz-receptor antagonist treatment during the past 
4 weeks 

• Patients with renal insufficiency (creatinine> 2.5 mg/dl) 
• Patients with signs of ulcer bleeding during the past week 
• Patients with resected stomachs 
• Patients with known allergy against penicillin 
• Pregnant patients 
• Patients taking NSARs, more than 100 mg ASS daily, steroids, or other antiulcer drugs 

Endoscopy and Biopsy 

At each endoscopic examination one antral biopsy specimen was taken for the 
rapid urease test and two antral biopsy specimens for the HP culture. Four 
additional biopsy specimens, two from the antrum and two from the body, were 
taken for histologic examination. Since most of the ulcer patients were outpatients 
they were randomly assigned to the treatment groups immediately after endo
scopy. Patients who proved to be HP negative in both HP culture and histology 
were withdrawn from the study and treated conventionally. Each endoscopic 
examination was accompanied by laboratory tests for hemoglobin, creatinine, 
serum amylase, GGT, SGPT, and WBC. Further serum samples were collected to 
determine bismuth levels and HP antibodies. 
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Microbiology and Histology 

Two biopsy specimens for microbiological investigation were kept and trans
ported at environmental temperature in a transport medium (Port-A-Cul, 
Becton & Dickinson, Heidelberg, FRG) to the Department for Microbiology 
within four hours. The specimens were processed immediately and inoculated 
onto two different blood agar media (blood agar base 2, Oxoid, Wesel, FRG, with 
10% human erythrocytes). One medium was supplemented by 3.64 mg 
amphotericin B only, the other additionally with 10 mg vancomycin, 5 mg 
trimethoprim, and 0.31 mg polymyxin B. Plates were incubated for 5-7 days at 
37 0 in an atmosphere as produced by the gas pack Anaerocult C (E. Merck, 
Darmstadt, FRG). HP was identified by the usual morphological and biochemical 
criteria, especially by urease, catalase and oxidase activity. 

All strains are kept frozen in liquid nitrogen in pepton yeast extract broth with 
5 % dimethylsulfoxide for later studies. 

Two biopsies from the antrum and two from the body were placed in neutral 
buffered formalin. All mucosal specimens were stained by H&E to grade gastritis 
and by Warthin-Starry (WS) stain to grade the mucosal colonization by HP. The 
microbiologist and the pathologist were blinded to the therapy by coding the 
samples with random numbers. 

Randomization and Therapy 

Three treatment groups (Table 2) were compared with respect to the 6-week 
healing rates, eradication of HP 4 weeks after cessation of therapy, and DU 
relapse during the follow-up period. Randomization was carried out by a central 
study secretariat. Each center had its own randomization list. Before starting 
therapy the patients history was recorded. Complaints were recorded every day 
during the first 14 days of treatment, at the 6- and 10-week control, during the 
follow-up when a symptomatic relapse occurred, and after 1 year. 

Table 2. Therapy groups 

1. Bismuth subsalicylate 

3 x 600 mg as chewable tablets," 2 h after meals, for 6 weeks 

2. Bismuth subsalicylate + amoxicillin 

3 x 600 mg as chewable tablets, 2 h after meals, for 6 weeks 
2 x 1000 mg as dissolvable tablets b with meals for the first 14 days 

3. Ranitidine 

1 x 300 mg C at bedtime 

a Jatrox, Rahm Pharma, Darmstadt, FRG 
b Amoxypen, Griinenthal, Stolberg Rhld., FRG 
C Sostril, Cascan, Wiesbaden, FRG 

Antacids (Trigastril tablets, Heumann Pharma, Niirnberg, FRG) were given on request in all 
therapy groups 
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Patient Monitoring 

Patients had to grade their complaints as low, medium, and intense, and record 
them in a diary for the first 14 days. All patients were interviewed by phone with 
regard to how they were managing their therapy and possible side effects. 
Information about length and intensity of pain was recorded before therapy, at the 
6- and 10-week control, when a symptomatic relapse occurred, and after 1 year. 
The antacid consumption was also recorded during the entire therapy period. 

Results 

One hundred four patients were randomized till the end of June 1989, 35 each for 
the ranitidine and the bismuth subsalicylate (BSS) treatment, and 34 for 
BSS + amoxicillin. Six patients, two in each therapy group, did not fulfill the 
inclusion criteria because they were HP negative in both the culture and histology. 

The baseline data of patients with respect to sex, age, length of ulcer history, 
average number of previous ulcers, and smoking and drinking habits are shown in 
Table 3. 

Table 3. Baseline comparison of patients 

BSS BSS Ranitidine 
+ amoxicillin 

Mean age (years) 46.2 46.3 50.2 
Male/female 24/11 21/13 25/10 
Ulcer history > 1 year 79% 80% 73% 
Mean number of previous ulcers 3.1 2.7 2.8 
Smokers (> 10/day) 41% 48% 55% 
Alcohol (> 10 x/month) 47% 45% 39% 

Effect of Treatment on DU Healing and HP Status 

Of 29 ulcers 24 (83 %) were healed in the BSS group at the 6-week control, as were 
23/25 (92 %) ofthe ulcers in the BSS + amoxicillin group, and 19/31 (61 %) of the 
ulcers in the ranitidine group. HP was cleared in 41 % of the patients treated with 
BSS, in 68 % of the BSS + amoxicillin group, and in none (0 %) of the ranitidine 
group. The eradication rate as judged 4 weeks after cessation of therapy was 13 % 
in the BSS-treated group and 48 % in the BSS + amoxicillin group (Table 4). 

Effect of Treatment on DU Relapse 

Patients whose DU were healed at the 6-week endoscopy were followed for an 
average period of 6 months. The cumulative relapse rates are shown in Fig. 1. 
After BSS treatment the cumulative relapse rate was 44 % within 6 months, after 
BSS + amoxicillin treatment it was 9 % and after ranitidine therapy 68 % . 
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Table 4. Healing rates and HP status 

Therapy 6 weeks 

BSS (n = 29) healed: 24/29(83%) 

HP negative 12/29(41 %) 
HP positive 17/29(59%) 

BSS + amoxicillin (n = 24) healed: 23/25(92%) 

HP negative 17/25(68 %) 
HP positive 8/25(32%) 

Ranitidine (n = 31) healed: 19/31(61 %) 

HP negative 0/31(0%) 
HP positive 31/31 (100%) 
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Fig. 1. Effect of treatment on DU relapse 
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10 weeks 

22/24(92%) 

3/24(13%) 
21/24(87%) 

22/23(96%) 

11/23(48%) 
12/23(52%) 

11/22(50%) 

0/22(0%) 
22/22(100%) 

BSS + Amox 
n = 23 

) 

BSS 
n a 24 

Ranitidine 
n = 19 
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Patients whose HP was cleared at the 6-week endoscopy had healed DU in 93 % of 
c.ases, whereas those who were still HP positive had a healing rate of 69 % 
(Table 5). 

Patients with persistent HP infection after ulcer healing were further subdivided 
according to the different preceding therapies. The subsequent relapse rates 
during follow-up were 36 % after BSS treatment, 8 % after BSS + amoxicillin, and 
45 % after ranitidine treatment (Table 6). 
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Table 5. Effect of HP status on DU healing 

HP positive patients 
HP negative patients 

Healing at 6 weeks 

42/69(69%) 
27/29(93 %) 

Table 6. Effect of treatment and HP status on DU relapse 

HP status Treatment Relapses 
(n) 

HP negative BSS + amox/BSS 15/none 

HP positive BSS+amox 12/ 1 
BSS 21/ 8 
Ranitidine 19/10 

Effect of Treatment on Pain Relief and Side Effects 

G. A. Mannes et al. 

Median follow-up 
(%) (months) 

0 6.0 

8 5.9 
36 6.0 
45 6.2 

Two of 33 patients in the ranitidine group had to be withdrawn because they 
additionally took bismuth salts. In the bismuth group two patients did not keep to 
the study protocol and two discontinued the therapy because of side effects. The 
combination therapy of bismuth + amoxicillin was not carried out as prescribed 
by four patients, and three were excluded from the study because of side effects 
(diarrhea which was not associated with clostridium difficile (2) and mycotic 
stomatitis (1); Table 7). All patients with side effects induced by amoxicillin 
continued to take the bismuth tablets for 6 weeks. 

Relief of pain occurred faster in patients in the ranitidine group than in those 
treated with bismuth. However, the pain score during the follow-up period was 
lower after BSS or combined BSS + amoxicillin therapy as compared with the 
ranitidine treatment (Table 8). 

Table 7. Side effects 

Therapy Total Excluded 

n % n 

BSS 12 36 2 

Increased pain (8), meteorism and constipation (6), weakness (3), 
nausea (3), sleep disturbance (2), metal taste (2), 
eruption of vesicles on the tongue (1) 

BSS + amoxicillin 14 44 

Diarrhea (9), stomatitis (4), vomiting (1), constipation (1), 
allergy against amoxicillin (1), burning foot sole (1) 

Ranitidine 3 9 
Unrest (1), sleep disturbance (1), feeling of tiredness (1) 

5 

o 

% 

6 

16 

o 
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Table 8. Effect of treatment on pain score 

Therapy 

BSS 
BSS + amoxicillin 
Ranitidine 

Discussion 

Mean duration for 
relief of acute symtoms 
(days) 

8.1 
9.3 
5.3 

Pain score 
at week 10 

4.5 
3.5 
5.0 
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In 1987 the first duodenal ulcer (DU) trial was published by Coghlan et al. [2]. 
They reported that eradication or clearance ofHP by colloidal bismuth subcitrate 
(CBS) resulted in a lower relapse rate of27 % compared with 79 % after cimetidine 
treatment during a 1-year follow-up period. The association between HP status 
after treatment and DU relapse rate was masked in this study since true 
eradication ofHP had not been checked 4 weeks after cessation of therapy [7]. The 
study of Marshall et al. [3] which checked HP eradication 14 days after the end of 
treatment found a relapse rate of 25 % in patients in whom HP had been 
eradicated compared with 92 % after cimetidine treatment. In two of four patients 
recolonization with HP was detected very early in this study suggesting, that 
recrudescence had occurred rather than reinfection. Patients declared as 
eradicated in this study did not relapse so far. The study of Rauws et al. [4] 
confirmed the association between the eradication of HP and the absence of DU 
relapses during follow-up. 

In this study the healing rate ofDU in patients with persistent HP infection was 
61 % compared with 92 % in those patients with cleared HP infection. These data 
are very similar to those of Marshall et al. [3]. Eradication as checked 4 weeks after 
cessation of treatment was 13 % with BSS monotherapy, 48 % after combined 
BSS + amoxicillin treatment, and 0 % after ranitidine - as expected. The 
eradication rate with BSS mono therapy was similar to that reported by Borsch et 
al. [5]. In principle, the eradication rates as checked 4 weeks after therapy are in the 
same range with BSS as those achieved with CBS [4]. In this study, combined 
BSS + amoxicillin treatment eradicated HP to the same extent (48 %) as with the 
combination CBS + amoxicillin [3,4]. The cumulative relapse rates during 
6 months of follow-up so far were dependent on the preceding therapy and were 
9 % in the BSS + amoxicillin group, 44 % in the BSS group, and 68 % in the 
ranitidine group (Fig. 1). These relapse rates are very similar to those reported by 
Marshall et al. [3]. Thirteen patients of the BSS + amoxicillin group and two of the 
BSS group in whom HP was eradicated did not relapse, clearly supporting the 
pathogenic role of HP in DU disease. The clear identification of eradication may 
be improved by the seven biopsies which were performed to detect HP even if 
patchy colonization was present [8]. Similar results concerning the relation ship 
between eradication ofHP and DU relapse were obtained by Borsch et al. [5] and 
Borody and Carrick [6]. Recrudescence or reinfection [4] did not occur. 
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DU relapse rates in patients with persistent HP infection also depended on the 
preceding therapy and were 8 % after BSS + amoxicillin, 36 % after BSS, and 45 % 
after ranitidine (Table 6). This finding agrees with earlier bismuth therapy studies 
[1] and suggests that suppression of the HP infection may also decrease DU relapse 
rates. 

The compliance of patients was better in the ranitidine group than in the group 
treated with BSS or BSS + amoxicillin. Pain relief was faster with ranitidine 
compared with the other groups but was not accompanied by an increased antacid 
consumption. However, the symptom scores at the 10-week control were lower 
after BSS or BSS + amoxicillin therapy compared with ranitidine (Table 8). 

We conclude that DU do not reoccur after eradication of HP which confirms 
the dominant role ofHP in DU disease. Even patients with persistent HP infection 
showed lower relapse rates after BBS or BSS + amoxicillin therapy during the 6-
month follow-up. 
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The Role of Surgery in Patients with 
Helicohacter pylori Infection 

M. BUCHLER 1, P. MALFERTHEINER 2, H. FRIESS 1, F. FLOCK 1, A. STANESCU 2 , 

K. BACZAKO 3, and H. G. BEGER 1 

Since the detection of Helicobacter pylori by Warren and Marshall in 1983 [1], this 
bacterium has significantly changed our opinion on the pathogenesis of gastritis 
and peptic ulcer disease. Recent investigations have shown, that chronic type B 
gastritis is almost exclusively induced by H. pylori infection [2]. The role of 
H. pylori infection with regard to the development of ulcer disease has still not 
been completely determined. In duodenal ulcer disease, H. pylori infection of the 
antral mucosa has been demonstrated in 70%-100% of patients [3], and the 
bacteria have also been found in the duodenal mucosa of up to 83 % of patients [4]. 
Generally H. pylori infection within the duodenum is linked with gastric 
metaplasia in the duodenal mucosa. In the majority of patients, eradication of 
H. pylori infection leads to a long-lasting healing of duodenal ulcer disease [5- 7]. 

To date, surgical procedures playa minor role in the selective treatment of 
duodenal ulcer disease, although selective proximal vagotomy has been shown to 
provide the lowest recurrency rates in comparison with all other single treatment 
protocols. The rate of ulcer recurrency after selective proximal vagotomy was 
between 6 % and 12 % 5 years after surgery, when larger patient populations were 
followed [8 -1 0]. Very few data exist on the effect of surgical treatment on 
H. pylori infection. There is one contribution in the literature, the only study with 
a prospective design, showing a reduction in H. pylori colonization following 
highly selective vagotomy [11]. 

The aim of our investigation was to study prospectively the influence of selective 
proximal vagotomy on H. pylori infection, gastric metaplasia, the degree of 
inflammation, and glycoprotein synthesis of the gastric mucosa. 

Patients 

Eight patients suffering from chronic duodenal ulcer disease were recruited in a 
prospective design. There were seven men and one women with a median age of 34 
years (range 21- 58 years). Exclusion criteria were previous treatment with 
colloidal bismuth and/or antibiotics. All patients were scheduled for selective 
proximal vagotomy with (n = 2) and without (n = 6) pyloroplasty. After informed 
consent, the patients underwent three upper gastrointestinal (GI) endoscopy 

1 Department of General Surgery, University Hospital, Steinh6velstr. 9, 7900 Ulm 
2 Department of Gastroenterology, Robert-Koch-Str. 8, 7900 Ulm 
3 Institute for Pathology, Heidenheimerstrasse, Ulm, FRG 

Helicobacter pylori, Gastritis and Peptic Ulcer 
Edited by P. Malfertheiner and H. Ditschuneit 
© Springer-Verlag Berlin Heidelberg 1990 



336 M. Biichler et al. 

investigations with multiple biopsies: the first one preoperatively, the second 2 
weeks postoperatively, and the third 3 months after selective proximal vagotomy. 
To date, six patients have been followed up for 3 months. 

Methods 

In summary, 11 biopsies were taken during each endoscopic examination (one 
corpus, eight antrum, two duodenum). We took four of these biopsies for 
histology (one corpus, one antrum, two duodenum), a further one from the 
antrum to carry out an H. pylori rapid urease test, two from the antrum for culture 
studies, and the remainder to analyze glycoprotein synthesis in the gastric antrum. 

Histology. Biopsies were fixed in formalin (4 %) and processed for routine paraffin 
embedding. To evaluate and estimate the degree of mucosal inflammation, 
hematoxylin-eosin stain was employed. The degree of H. pylori colonization was 
analyzed following silver staining. 

Culture. H. pylori was cultured for 3 - 5 days (37 DC) on Wilkens-Chalgren blood 
agar with Skirrow supplement. The earliest time to consider a culture to be 
negative was after 10 days. 

H. pylori Rapid Urease Test. We used a purchasable test system (CUT, Temmler 
Pharma Marburg, FRG) which is based on the cleavage of urea by urease 
produced by H. pylori. 

Glycoprotein synthesis. Glycoprotein synthesis of gastric surface mucus cells was 
determined indirectly according to the method used by Baczako and coworkers 
[12]. The test system is based on the incorporation of radioactive glucosamine (D
[6-3H]glucosamine HCI, Amersham, Braunschweig, FRG). To express gly
coprotein synthesis, we calculated glucosamine incorporation (area under the 
curve) during 2-4-h, and 6-h incubation times. 

Definition of Scores. The degree of H. pylori colonization (antrum) was scored 
0-8. The lowest score, 0, means no H. pylori was detectable either by histology, by 
the rapid urease test, or by culture. The highest score, 8, means massive HP 
colonization, proven in all three test systems. 

The degree of mucosal inflammation was scored 0-3, considering the extent of 
polymorph nuclear leukocytes (PML) and plasma cellular (PZ) infiltration, 
according to Whitehead [13], where 0 means no PML and 3 means massive 
infiltration with PML and PZ. 

Results 

Preoperatively, all patients were infected with H. pylori. The degree of H. pylori 
colonization was 6.75 ± 1.5 (x ± SD) (Table 1). Two weeks after selective proximal 
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Table 1. Incidence and degree of H. pylori colonization in gastric antrum 

Prevalence Degree 
n Patients (%) (score: 0-8) 

preoperatively 8/8 100 6.7 ± 1.5 
2 weeks postoperatively 5/8 62 2.5 ± 3.0 
3 months postoperatively 2/6 33 2.3 ± 3.7 

vagotomy, the rate of H. pylori infection was 62 %. The degree of H. pylori 
colonization decreased to 2.5 ± 3.0 (Table 1). Three months postoperatively, only 
two of six patients (33 %) were still H. pylori positive. The degree of colonization 
was again decreased (2.3 ± 3.7). 

Gastric metaplasia. Preoperatively, five out of eight patients showed gastric 
metaplasia in their duodenal mucosa. Two weeks after selective proximal 
vagotomy, the prevalence of gastric metaplasia was 25 % (two of eight patients). 
In only one (17 %) out of six patients included in the late follow-up (3 months) 
were we still able to detect gastric metaplasia. 

Degree of Mucosal Inflammation. Preoperatively, the mean score of mucosal 
inflammation was 1.38 (±0.52). Two weeks postoperatively, this score decreased 
to 0.63 ±0.74. Three months after selective proximal vagotomy, the mean degree 
was 0.67 ± 0.52. 

Glycoprotein Synthesis. Preoperatively, the total integrated glycoprotein synthesis 
in vitro over a 360-min period was 23.3 ± 11.1 cpm/J.1g protein. Two weeks 
postoperatively glycoprotein synthesis was slightly increased to 27.8 
± 13.2 cpm/J.1g protein. Three months postoperatively, there was an increase in 
mucus production (31.4±9.7 cpm/J.1g protein) (Table 2). 

Table 2. Glycoprotein synthesis 

preoperatively 
2 weeks postoperatively 
3 months postoperatively 

Final Considerations 

Glycoprotein synthesis 
x integrated cpm/Ilg ± SD 

23.3±11.1 
27.8±13.2 
31.4± 9.7 

Although our data are based on a small patient population, selective proximal 
vagotomy seems to influence H. pylori infection and the consequences of H. pylori 
colonization such as mucosal inflammation and the presence of gastric metaplasia 
in the duodenum. Our data confirm the results of the only prospective study which 
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has been carried out so far [11]. The authors of that study showed a significant 
reduction in H. pylori colonization 3 -12 months after selective proximal vago
tomy. By contrast, there are two retrospective studies, reported 4 years and 1.5-4 
years after selective proximal vagotomy in which the authors demonstrated a 
higher incidence of H. pylori infection than in nonoperated patients [14,15]. 

Our data demonstrate that selective proximal vagotomy influences the state of 
H. pylori infection by reducing the incidence of infection, the degree of mucosal 
inflammation, and the presence of gastric metaplasia in the duodenum. 

These features correlate with an increase in gastric mucus production as shown 
by the results of glycoprotein synthesis in gastric epithelial cells. The discrepancy 
between our data and the retrospective data might be due to a secondary or 
reinfection occurring a long time after selective proximal vagotomy. It certainly 
seems worthwhile to follow up our patients for several years in order to observe 
these possible long-term effects. 

On the other hand, our preliminary data describe a new and evidently important 
effect of selective proximal vagotomy. This procedure may induce ulcer healing 
not only by reducing acid secretion capacity but also by influencing the state of 
H. pylori infection. 
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Is Helicobacter pylori Negative Duodenal Ulcer 
a Separate Disease? 

N.J. TALLEY 

Introduction 

The etiology of chronic duodenal ulcer, defined as a break in the duodenal mucosa 
that extends through the muscularis mucosa, is not established although acid is 
clearly an essential factor [2]. However, the realization that H. pylori antral 
gastritis is very strongly associated with chronic duodenal ulceration has led to 
new theories regarding the pathogenesis of this disease. 

H. pylori Gastritis and Chronic Duodenal Ulcer 

In our experience, nearly all patients with a chronic duodenal ulcer crater have 
H. pylori gastritis detected, and others have consistently reported similar findings 
[9, 13,20]. While a cause-and-effect relationship is not yet accepted, several lines of 
evidence strongly support the contention that H. pylori is of etiological im
portance in at least relapsing chronic duodenal ulceration [3,14]. 

A possible mechanism by which gastric H. pylori infection could induce 
ulceration in the duodenum has been put forth. It has been postulated that 
H. pylori infects areas of gastric metaplasia found in the duodenum [24] resulting 
in inflammation of the mucosa and perhaps degradation of the mucus bicarbonate 
layer [22]. This could allow noxious luminal contents such as acid an opportunity 
to diffuse closer to the epithelium and thus eventually lead to ulceration. However, 
while this theory is attractive, it does not appear to explain why large areas of 
infected antral mucosa do not slough off, or why duodenal ulceration is focal and 
intermittent. 

In an attempt to account for the apparent discrepancies, it has been 
hypothesized that as H. pylori significantly damages the mucus bicarbonate 
barrier, the bacteria, which are very sensitive to acid, migrate away from the most 
compromised areas of the gastric mucosa to areas where the mucus layer is still 
protective [17]. The injured epithelial foci left behind may then be able to 
regenerate the mucus layer and heal. However, if the bacteria cannot migrate far, 
as in a very tiny island of gastric metaplasia in the duodenum, or if other factors do 
not allow the healing process to occur, then focal ulceration develops. This 
ulceration eliminates the infected area of gastric metaplasia. Evidence to support 
this hypothesis has been presented elsewhere [17]. 
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H. pylori-Negative Chronic Duodenal Ulcer 

Only a minority of patients with chronic duodenal ulcer disease do not have 
H. pylori detected by routine diagnostic methods. Assuming there is truly a 
duodenal ulcer crater identified, there are five possible explanations for the 
absence of organisms in the stomach of such patients. 

Misclassification of H. pylori status 

H. pylori gastritis is known to be patchy and therefore sampling error may result in 
investigators missing the presence of the bacteria. The gold standards for the 
diagnosis of H. pylori infection have traditionally been histology and culture. 
Histology is reported to have a sensitivity and specificity ranging between 85 % 
and 100%, while culture generally has a lower sensitivity but is 100% specific 
[6,18]. However, the gold standard to which these methods should be compared 
has not been defined; many authors have inappropriately compared histology or 
culture with combined histology and culture results. Whatever method is used, it is 
inevitable that a few cases of duodenal ulcer disease will be misclassified; this may 
account for a substantial portion of H. pylori-negative ordinary duodenal ulcer 
disease reported in the literature. As more sensitive and specific tests become 
available for the diagnosis of H. pylori, which can reliably detect the presence 
of low numbers of organisms, it will be possible to determine if this is indeed the 
case. 

Extreme Gastric Acid Hypersecretion 

Another possible explanation for H. pylori-negative duodenal ulcer disease is the 
presence of the Zollinger-Ellison syndrome. Approximately 90%-95% of 
patients with a gastrinoma develop ulceration at some time during their disease 
course [16]. Our group has retrospectively reviewed resected gastric specimens in 
18 patients with the Zollinger-Ellison syndrome, of whom 17 had duodenal ulcer 
disease [8]. The results were compared with 18 controls who had an antrectomy for 
ordinary chronic duodenal ulcer disease. All specimens were stained with 
hematoxylin and eosin and Giemsa and were reviewed by an independent, 
experienced pathologist who was unaware of the diagnosis. Gastric acid secretory 
studies were available in 17 of the 18 Zollinger-Ellison syndrome patients. It was 
found that while 89 % of the chronic duodenal ulcer patients had H. pylori 
gastritis, only 44 % of the Zollinger-Ellison patients had H. pylori identified. Peak 
acid output was significantly reduced in those Zollinger-Ellison syndrome 
patients who had H. pylori infection. Similarly, Koop et al. [10] reported that 6 of 
17 patients with the Zollinger-Ellison syndrome had antral H. pylori on biopsy, 
while Saeed et al. [21] found 6 of 20 patients with a gastrinoma had serological 
evidence of infection. The cumulative data suggest that the prevalence of H. pylori 
in the Zollinger-Ellison syndrome with duodenal ulcer is much less than in 
ordinary chronic duodenal ulcer disease. Whether this also applies in other rare 
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conditions associated with excessive gastric acid secretion and ulceration, such as 
systemic mastocytosis, is unknown [1]. 

Nonsteroidal Antiinflammatory Drug (NSAID) Induced Ulceration 

While some have suggested that NSAIDs explain H. pylori-negative duodenal 
ulceration [13], the role of NSAIDs in duodenal ulcer disease is controversial 
[11,12]. Acute duodenal damage can be induced by NSAIDs and NSAIDs may 
increase the risk of duodenal ulcer perforation [4]. On the other hand, Duggan et 
al. [7] reported that the relative risk of chronic duodenal ulcer in NSAID users was 
increased only 10% above those not exposed and this increase was not statistically 
significant. Others have suggested that NSAIDs may protect patients with 
H. pylori from developing duodenal ulcers although the data are inconclusive [15]. 
It appears likely that, on their own, NSAIDs are unable to explain H. pylori 
negative chronic duodenal ulcer disease. 

Not Peptic Ulceration 

A number of uncommon diseases can cause ulceration in the duodenum that can 
be misdiagnosed as ordinary duodenal ulcer disease. Crohn's disease, tubercu
losis, lymphoma or carcinoma of the duodenum, carcinoma of the pancreas 
eroding into the duodenum, or cytomegalovirus infection in patients with AIDS 
can all cause intractable duodenal ulceration [19]. 

H. pylori Negative Ordinary Duodenal Ulcer Disease - a True Subgroup? 

It has been suggested that H. pylori-negative duodenal ulcer disease may form a 
distinct subgroup. Sobala et al. [23] reported that 5 of 56 patients with duodenal 
ulcer did not have H. pylori infection; these patients smoked less than infected 
patients. Debongnie et al. [5] found 32 of 183 patients with duodenal ulcer disease 
were H. pylori negative, and these patients were older than infected patients. 
However, other explanations for the absence of H. pylori were not carefully 
addressed in these studies, and thus the existance of such a subgroup remains to be 
verified. 

Conclusion 

There is evidence that H. pylori is one of the most important risk factors for the 
presence of chronic duodenal ulcer disease. Despite this, chronic duodenal 
ulceration is likely to be a multifactorial disease as most persons with H. pylori 
gastritis never develop an ulcer. The absence of identified H. pylori in a patient 
with chronic duodenal ulceration is most likely to be the result of the bacteria 
having been missed. Rarely, the Zollinger-Ellison syndrome may explain 
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H. pylori-negative duodenal ulceration. Whether there is a very small group of 
chronic duodenal ulcer patients without the Zollinger-Ellison syndrome or other 
disease who truly have H. pylori-negative ulcer disease is not established. Perhaps 
such cases are rare in referral centers where a high rate of relapsing duodenal ulcer 
disease is seen; it is conceivable that H. pylori-negative duodenal ulcer could be 
more prevalent in the community or in those who do not have relapsing ulcer 
disease. Identification of such a group could yield important clues about the 
mechanisms by which all duodenal ulcers develop. 
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Helicobacter pylori in the Pathogenesis 
of Peptic Ulcer - Evidence in Favour 

A.T.R.AxON 

Although the concept of contagious illness was well recognised in mediaeval times, 
the medical establishment has been slow to accept infectious aetiologies for 
diseases. The Hungarian obstetrician, Semmelweis, working in Vienna in the 
1850s showed that he could reduce the mortality rate of purpural sepsis in his 
wards from 18 % to 1 % if doctors and medical students were obliged to wash their 
hands before examining patients, yet he was disbelieved, hounded from Vienna, 
and eventually committed to a mental institution. 

Marshall and Warren's [1] hypothesis that Helicobacter pylori (HP) plays a 
pivotal role in the pathogenesis of duodenal ulcer (DU) is still disbelieved by 
many, but the evidence in its support is now very compelling. 

Epidemiological data [2] from developed countries suggest that around 40% of 
the adult population is colonised with HP compared with 95 % of those who have 
duodenal ulcer. Conversely, duodenal ulcer is virtually unknown in the aboriginal 
community of Australia where the prevalence of colonisation is below 5 %. If an 
individual is infected with HP the risk of developing peptic ulcer is 20 times that of 
an uninfected person. The high prevalence of HP in duodenal ulcer can be 
accounted for by only one of three explanations, either (a) duodenal ulcer causes 
HP infection, (b) HP causes duodenal ulcer; or (c) both duodenal ulcer and HP 
arise from a third common factor. 

As HP persits after duodenal ulcer healing and is present in "normal" 
individuals it cannot possibly be secondary to ulceration, so either explanation (b) 
or (c) is dorrect. 

Duodenal ulcer is almost invariably associated with antral gastritis. The risk of 
developing peptic ulcer is 20-30 times higher in individuals with antral gastritis 
than in normals [3]. Antral gastritis is also known to be associated with HP. Could 
this be the common factor responsible for both HP and duodenal ulcer? This 
theory is not tenable because there is irrefutable evidence that HP is the underlying 
cause of the chronic gastritis, not vice versa [4]. HP associated gastritis (type B 
gastritis) is pathologically distinct. The organism is almost invariably associated 
with it, but not with other types of gastritis and this implies it is a primary not a 
secondary invader. Its presence is associated with a cellular inflammatory reaction 
by the host and organisms are found within polymorphonuclear leukocytes; local 
and systemic antibody production is stimulated and antibody has been detected 
coating the organism in situ. Clearance of the organism by pharmacalogical 
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Table 1. Helicobacter in duodenal biopsy specimens [from 5] 

HP+/total HP+/total HP+/total Reference 
duodenal ulcer duodenitis normal 

45/53 36/39 0/58 Johnson 1986 
8/11 Steer 1984 
8/13 11/21 0/256 Wyatt 1987 
7/24 Bode 1987 

14/14 5/16 Caselli 1988 

Total 82/115 (71 %) 52/76 (68%) 0/314 (0%) 

means leads to histological resolution of the gastritis. Volunteers taking the 
organism by mouth and others accidentally infected have developed a self-limited 
gastritic illness associated with histological gastritis which progresses to typical 
type B chronic gastritis. A similar histological picture can be induced by feeling the 
organsism to experimental animals. These data confirm that HP is a pathogen and 
is the cause, not the effect, of this commonly seen gastritis. 

The association between antral gastritis and peptic ulcer has been recognised for 
many years, but the presence of duodenitis is an even stronger predictor for 
duodenal ulcer, being much less common in the general population than gastritis, 
and HP appears to be responsible for duodenitis as well as type B gastritis. Table 1 
[5] shows the prevalence of duodenal infection with HP in duodenal ulcer and 
duodenitis. In the series of five papers where the organism was sought, duodenal 
infection was found in 82 of 150 cases of duodenal ulcer (71 %) and 52 of 76 cases 
of duodenitis (68 %). This compared with a prevalence of 0 of 314 (0 %) in normal 
individuals. Only a minority of patients whose stomachs are colonised with HP 
develop duodenitis because HP is able to infect only gastric epithelial cells. These 
are not found in the duodenum except where gastric heterotopia exists or, more 
commonly, when gastric metaplasia has occurred. In a group of 269 dyspeptic 
patients studied by Wyatt et al. [6], 34 had active duodenitis and of these 31 (91 %) 
had gastric metaplasia in the duodenum. This compares with only 12 of the 235 
(5 %) patients who had no inflammation. From these data it is clear that for 
duodenitis to arise, gastric metaplasia must be present within the duodenum, but 
inflammation will still not occur unless the patient's stomach is also colonised by 
HP; naturally all colonised patients have antral type B gastritis too. Under these 
circumstances the organism normally resident in the stomach infects the 
metaplastic tissue in the duodenum to give rise to duodenitis. This association is 
clearly shown in a Venn diagram (Fig. 1) and accounts for the two observations: 
first, that duodenal ulcer is nearly always associated with HP infection (and 
therefore antral gastritis) and, second, that only a small proportion of those with 
gastric HP develop duodenitis and duodenal ulceration. 

The mechanism whereby duodenal HP infection leads to duodenal ulcer is 
unknown. The organism produces cytotoxins and proteases which may modify 
mucin. The organism adheres to the underlying cells and appears to cause 
degenerative changes within them. The immune reaction stimulated may lead to 



Helicobacter pylori in the Pathogenesis of Peptic Ulcer 

>5% 
gastnc 
meta
plas!a 
n= 53 

Total patients blopsled n = 290 

347 

C pylandls +ve gastritis 
n = 175 

Fig. 1. Active duodenitis, gastric metaplasia in the duodenum and HP-associated gastritis [6] 

autogenous tissue damage. Clearly there are a number of ways in which the 
organism might undermine the mucosal protection mechanisms [7]. In addition 
recent work has shown that gastric antral infection with HP leads to an increase of 
plasma gastrin [8] and a higher postprandial acid output. This may be responsible 
for the generally higher acid secretion seen in populations with duodenal ulcer 
which in turn may increase the likelihood of ulceration either by a direct effect or 
through the induction of gastric metaplasia within the duodenum, thus allowing 
duodenitis to develop. 

The most persuasive evidence in favour of the role of HP in duodenal 
ulceration, however, comes from studies where the organism has been eliminated 
and patients have been followed for ulcer relapse. A number of earlier trials had 
shown that duodenal ulcer patients healed with H2-receptor antagonists relapsed 
more quickly than those given colloidal bismuth subcitrate. Bismuth is known to 
clear HP temporarily in around 40 % of individuals and to eliminate it in 10%-
20%. This antibacterial action might account for the reduced relapse rate. More 
recent trials have been undertaken in patients whose ulcers have been healed by a 
variety of regimes and who have then been followed up both for HP status and 
recurrence. Three studies (Table 2) have assessed HP status 1 month after initial 
healing. WhenHP was present 62 of84 (74%) relapsed, compared with only 10 of 
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Table 2. Eradication of HP (1 month after treatment) and ulcer relapse at 1 year or 6 months 
[from 9] 

Author 

Coghlan 
Marshall 
Rauws· 

Total 

HP+ 

19/24 
37/44 

6/16 

62/84 (74%) 

a Rauws' folow-up was for 6 months; the others 1 year 

HP-

4/15 
6/26 
0/15 

10/56 (18 %) 

Table 3. Eradication of HP (assessed at end point) and ulcer relapse [from 9] 

Author HP+ HP-

Coghlan 22/29 1/10 
Marshall 38/47 5/23 
Smith 25/36 0/8 
Lambert a 25/33 0/12 
Borody 2/3 0/28 
Rauws a 6/16 0/15 

Total 118/164 (72%) 6/96 (6%) 

• Lambert and Rauws follow-up was for 6 months; the others 1 year 

56 (18 %) when HP had apparently been eradicated. Amalgamated data from six 
studies (Table 3) show that in those where HP was eradicated the relapse rate was 
6 out of 96 (6 %) compared with 118 of 164 (72 %) where HP persisted. The 6 % 
recurrence rate is what would be predicted on the basis of epidemiological studies 
which suggest that a small proportion of ulcers are not due to infection with HP. 

It might be argued that the lower relapse rate in those without Helicobacter is 
merely the effect of the use of bismuth salts. A recent study [9] however, shows this 
not to be the case. A total of36 individuals with resistant ulcer were randomised to 
either colloidal bismuth sub citrate or colloidal bismuth subcitrate plus antibiotics. 
Of the 31 ulcers which healed, 15 remained HP negative and 16 HP positive. At 6 
months, none of the first group had relapsed whereas 37 % of the HP-positive 
group had developed recurrent ulcers. This was in spite of the fact that both 
groups received an equivalent course of colloidal bismuth subcitrate. 

The evidence in favour ofHP as being the prime aetiological factor in over 90 % 
of duodenal ulcers is very persuasive and further carefully controlled clinical trials 
are needed to confirm the hypothesis. 

Joseph Lister, impressed by the work of the great French chemist Louis Pasteur, 
hypothesised that wound infection and gangrene might be caused by microorgan
isms and that aseptic surgery would reduce these complications. His findings were 
published in Lancet in 1867 [10]. However, this work which was to revolutionise 
the practice of surgery was disbelieved in some parts of the world. Nine years after 
publication, Samuel Gross, the virtually unchallenged leader of American 
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surgery, wrote "little if any faith is placed by any enlightened or experienced 
surgeon on this side of the Atlantic in the so called carbolic acid treatment of 
Professor Lister" [11]. 

References 

1. Marshall BJ, Warren JR (1984) Unidentified curved bacilli in the stomach of patients with 
gastritis and peptic ulceration. Lancet I: 1311-1314 

2. Dwyer B, Kaldor J, Tee W, Raios K (1989) The prevalence of Campylobacter pylori in 
human populations. In: Rathbone BJ, Heatley RV (eds) Campylobacter pylori and gastro
duodenal disease. Blackwell, Oxford, pp 190-196 

3. Sipponen P, Seppala K, Aarynen M, Helske T, Kettunen P (1989) Chronic gastritis and 
gastroduodenal ulcer: a case control study on risk of coexisting duodenal or gastric ulcer in 
patients with gastritis. Gut 30:922-929 

4. Axon ATR (1988) Campylobacter pylori. In: Pounder RE (ed) Recent advances in 
gastroenterology, no 7. Livingstone, Edinburgh, pp 225-244 

5. Wyatt JI (1989) Campylobacter pylori, duodenitis and duodenal ulceration. In: 
Rathbone BJ, Heatley RV (eds) Campylobacter pylori and gastrodudenal disease. Blackwell, 
Oxford, pp 117 -124 

6. Wyatt JI, Rathbone BJ, Dixon MF, et al. (1987) Campylobacter pyloridis and acid-induced 
gastric metaplasia in the pathogenesis of duodenitis. J Clin Pathol 40: 841- 848 

7. Rathbone BJ, Heatley RV (1989) Possible pathogenic mechanisms in Campylobacter pylori 
infection. In: Rathbone BJ, Heatley RV (eds) Campylobacter pylori and gastrodudenal 
disease. Blackwell, Oxford, pp 203-208 

8. Levi S, Beardshall K, Haddad G, Playford R, Gosh P, Calam J (1989) Campylobacter pylori 
and duodenal ulcers: the gastrin link. Lancet I: 1167 -1168 

9. Rauws EAJ, Tytgat GNJ (eds) Campylobacter pylori. Department of Gastroenterology and 
Hepatology, Academic Medical Centre, Amsterdam 

10. Lister J (1867) On the antiseptic principle in the practice of surgery. Lancet Sept 21 : 353 - 356 
11. Lyons AS, Petrucelli RJ Medicine - an illustrated history. Abrodel, New York 



Helicobacter pylori as a pathogenetic 
Factor in Peptic Ulcer - the Argument Against 

W. L. PETERSON 

Helieobaeter (H.) pylori burst upon the scene (as Campylobaeter pyloridis, later 
pylori) in 1983 and has already become the most rapidly moving area in the field of 
peptic ulcer disease. Most investigators now accept that H. pylori is the cause of 
chronic (type B) gastritis, even though a satisfactory animal model is not yet 
available. Where controversy remains, however, is whether H. pylori gastritis can 
produce gastrointestinal symptoms (i. e., nonulcer dyspepsia) or whether H. pylori 
gastritis is an important prerequisite to the development of peptic ulcers. If it were, 
then the approach to ulcer therapy would be drastically altered. Indeed, it is my 
perception that many investigators and clinicians, especially outside the United 
States, have accepted this role for H. pylori and are already treating ulcer patients 
with antimicrobial therapy. It is my contention that the available evidence to 
support the role of H. pylori as a pathogenetic factor in peptic ulcer is inadequate 
to justify the use of antimicrobials. 

Proponents of the importance of H. pylori in peptic ulcer point to several 
observations to support their case: a) most (probably all) patients with duodenal 
ulcer or gastric ulcer not associated with NSAID use can be found to have 
H. pylori gastritis; b) duodenal ulcers are believed to occur in areas of gastric 
metaplasia, often infected with H. pylori; c) eradication of H. pylori leads to 
prolonged remission from duodenal ulcer recurrence. Each of these points can be, 
in my opinion, effectively argued. 

Most Patients with Peptic Ulcer have H. pylori Gastritis 

There is no question that this is the case. However, a large proportion of healthy 
subjects with no history of ulcer and no endoscopic evidence of ulcer also are 
infected with H. pylori. Indeed, close to 50 % or more of healthy humans over 
60 years of age can be found to have H. pylori [1,2]. Why do only a small 
proportion of subjects with H. pylori gastritis develop ulcers? The answer is clearly 
not related to excess acid secretion. Although at least some acid is necessary for the 
development of a peptic ulcer, only about one-third of duodenal ulcer patients 
have acid secretory values above the upper limits of normal and many patients 
with gastric ulcer have low levels of acid secretion [3]. Either there are factors other 
than H. pylori and acid or H. pylori gastritis is an unrelated phenomenon. 
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Duodenal Ulcers Are Believed to Occur in Areas 
of Gastric Metaplasia, Often Infected With H. pylori 

Since it is already accepted that patients with duodenal ulcer are infected with 
H. pylori, it should come as no surprise that where there are areas of metaplastic 
gastric epithelium in the duodenal bulb, such mucosa may harbor H. pylori. 
However, in at least one study where duodenal ulcers were biopsied, only 50 % of 
such tissue was infected [4]. Furthermore, data have been presented which suggest 
that gastric metaplasia in the duodenal bulb may be a consequence of ulceration 
and not a prerequisite. Therefore, the presence of gastric metaplasia, even if 
infected, may represent an epiphenomenon rather than a pathogenetic factor. 

Eradication of H. pylori Is Associated 
with Prolonged Remission from Duodenal Ulceration 

There are several reports of studies in which patients with duodenal ulcer were 
treated with a regimen which not only healed the ulcer but eradicated H. pylori [4-
8]. Such reports suggest that these patients, when followed for up to 12 months, 
have a lower incidence of ulcer recurrence than patients with healed ulcers in 
whom H. pylori was not eradicated. Unfortunately, only three of these reports 
represent randomized trials [4-6], and only two have been published in complete 
form [4, 5]. Results of these two trials are shown in Table 1. These results are, 
admittedly, exciting and provocative if taken at face value and, if confirmed, offer 
the type of evidence necessary to support antimicrobial therapy of duodenal ulcer. 
However, caution is needed in interpretation of these data for the following 
reasons: a) These studies are poorly blinded, a well-recognized flaw in controlled 
trials which can lead to bias. b) Only 20 patients treated with a bismuth regimen, 
but in whom H. pylori were still present, have been followed. Bismuth clearly has 
effects on gastroduodenal tissue apart from whatever effects it has on H. pylori 
[9,10]. Indeed, bismuth alone eradicates H. pylori only about 25 % of the time, 
and yet ulcers heal 70% of the time. Thus, it is possible that the long-term benefit 
of bismuth is related not to eradication of H. pylori but to its other properties. We 

Table 1. Twelve-month recurrence of duodenal ulcer as a function of H. pylori status after initial 
healing with cimetidine alone, cimetidine ± tinidazole, bismuth alone, or bismuth ± tinidazole 

Reference Initial therapy Recurrent ulcer 

Hp+ Hp-

[5] Cimetidine 11/14 1/4 
Bismuth a 8/10 3/11 

[4] Cimetidine ± tinidazole 30/34 0/1 
Bismuth a ± tinidazole 7/10 6/25 

56/68 10/41 
(82%) (24%) 

a DeNol 
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need follow-up of larger numbers of patients whose ulcers were healed with 
bismuth but in whom H. pylori was not eradicated. c) Ulcers still recur in almost 
one-fourth of patients in whom H. pylori is eradicated. 

What Is Needed 

In today's scientific and medical community, one cannot justify the use of a 
therapeutic agent simply because it has not been shown to be ineffective. Rather, 
the burden is on those who would use such therapy to provide scientifically valid 
data to support their point. Anecdotes, unblinded, and unrandomized trials with 
small sample sizes are simply unacceptable. The literature is replete with examples 
(e.g., gastric freezing) of therapy believed effective until proper, randomized 
controlled trials showed no difference from placebo or sham therapy. What is 
needed are well-designed, randomized studies with large numbers of patients 
where stringent attempts are made to blind all involved. If such studies confirm 
that patients treated with a particular regimen and in whom H. pylori is eradicated 
have significantly lower recurrence than patients treated with the same regimen 
and in whom H. pylori is not eradicated, all but the most skeptical will be 
convinced as to the importance of H. pylori in ulcer disease. 

What to Do Until More Data Are Available 

There may be a tendency to go ahead and employ powerful antimicrobial therapy 
in patients with peptic ulcer while waiting for more data to come forth. In my 
opinion, this is to be condemned except in the situation of randomized trials or 
very special circumstances. Not only is the widespread use of "unproven" therapy 
scientifically unappealing, patients may develop antibiotic-induced colitis and 
other microbes may acquire resistance to the antibiotics employed. 

Perspective 

Even if H. pylori is shown by the studies described above to be as important a 
factor in the formation of peptic ulcer as in gastric acid, there still must be other 
important factors. For example, sucralfate has no effect on gastric acidity or 
H. pylori and yet some data suggest it may reduce the incidence of ulcer 
recurrence. As another example, H. pylori gastritis tends to be rather diffuse, and 
yet gastric ulcers are focal. For that matter, why do patients with duodenal ulcer 
who have plenty of H. pylori infected antral epithelium not develop gastric ulcers? 
Thus, the resolution one way or the other of the H. pylori chapter will in no way 
close the book on peptic ulcer disease. The chapter itself, however, is certainly an 
exciting one. 
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Helicohacter pylori in Duodenal Ulcer Pathogenesis
a Comment 

J. WYATT 

Duodenal ulcer is well known to be a multifactorial disease, and a wide collection 
of aetiological agents and pathogenetic mechanisms have been claimed to be 
related to its development. The arguments concerning the interaction of H. pylori 
and other factors in ulcer pathogenesis are introduced by an overview of the 
various aetiological agents currently known (see p. 271). 

The object of the papers of this part is to determine the relation of H. pylori to 
these factors. Starting from the morphological evidence that duodenal inflam
mation develops when H. pylori infects gastric metaplasia (GM) in the duodenum 
(Fig. 1), the hypothesis is exponded to encompass other contributory factors in 
duodenal ulceration. Finally, by treating duodenal ulcer by acid suppression or by 
eradicating H. pylori, the relationship of acid and the bacteria to the development 
of duodenal pathology can be tested. 

The nature of the epithelial cells of gastric metaplasia is discussed in detail (see 
p. 279,292). The cells derive from the mucosal crypts and migrate up the villi to cover 
the tip of the villus. Similar "metaplasia" occurs elsewhere in the gastrointestinal 
tract, and may there represent a mechanism for delivery of epidermal growth 
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Fig. 1. Hypothesis: the interaction of H. pylori and gastric metaplasia in the duodenum 

Pathology Department, St. James's University Hospital, Leeds LS97TF, UK 

Helicobacter pylori, Gastritis and Peptic Ulcer 
Edited by P. Malfertheiner and H. Ditschuneit 
© Springer-Verlag Berlin Heidelberg 1990 



Helicobacter pylori in Duodenal Ulcer Pathogenesis - A Comment 355 

factor (EGF) in sites of ulceration. EGF is normally produced in the duodenum by 
Brunner's glands, and further work is needed to determine the relation of the 
extent of GM to duodenal EGF content. 

Although GM in the duodenum is like gastric foveolar epithelium in most 
respects, there are some subtle differences detectable by, for example, lectin 
labelling of carbohydrate moieties. However, from the point of view of specificity 
of H. pylori, the localisation of the bacterium on areas of GM in the duodenum 
parallels its specificity for gastric epithelium in the stomach. Whatever substances 
sub serve the receptor/ligand function of the interaction, the specificity is the same 
at both sites. 

The development ofGM as a response to mucosal injury may be related to acid 
injury in the duodenum, and also in theory to other causes of mucosal damage. 
There is as yet no evidence relating it to nonsteroidal antiinflammatory drug 
(NSAID) consumption or smoking. It is acquired and commoner in men than 
women, which may be a reflection of greater acid secretion in males. A further 
factor in extending GM may be the mucosal damage consequent on duodenal 
inflammation itself, such that once duodenitis developes the resulting damage 
increases the extent of GM, leading to a vicious circle of increasing mucosal 
damage. 

There are a number of physiological differences in patients with duodenal ulcer 
compared to normals. These could have a role in duodenal ulcer pathogenesis, and 
they may be related either as cause or effect to the presence of antral inflammation 
and H. pylori. The questions of motility, pepsinogen secretion and acid secretion 
in relation to gastrin are considered in detail. 

A number of studies of disturbed gastroduodenal motility are reported see 
p.306. While abnormal motility could be demonstrated, its pathogenetic sig
nificance in duodenal ulcer disease remains to be determined. Furthermore, no 
differences have so far been demonstrated between H. pylori positive and negative 
subjects. 

Abnormalities of pepsin secretion are well recognised in patients with duodenal 
ulcer disease, both in the type and rate of secretion (see p. 312). Serum pepsinogen 
measurements reflect the pepsin secretion of the gastric fundic mucosa, and 
increased serum pepsinogen is seen transiently in acute gastric damage, reflecting 
its release into the blood stream on breakdown of chief cells, and chronically in 
patients with hypersecretion of pepsin. Typically this is present in duodenal ulcer 
patients in parallel with their increased parietal cell mass. The effect on serum 
pepsinogen of eradication of H. pylori would determine whether hyperpepsino
genaemia is a manifestation of a patient's constitutional predisposition to 
duodenal ulcer disease, or is a result of H. pylori gastritis. 

The ratio of pepsinogen I and II provides a marker for the extent and degree of 
atrophy of gastritis. An increased proportion of pepsinogen II (produced from 
antral type mucosa and the duodenum) occurs when atrophic gastritis developes, 
as seen in populations with high risk of gastric carcinoma; this profile is rare in 
duodenal ulcer. 

Disturbances in dynamics of gastrin secretion and gastric acidity are well 
recognised in duodenal ulcer and have recently been linked to the presence of 
H. pylori. Inappropriate fasting hypergastrinaemia in duodenal ulcer patients 
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appears to be dependent on the presence of H. pylori and is corrected if H. pylori is 
eradicated. It is not yet clear whether this "gastrin link" between H. pylori and 
acid secretion in duodenal ulcer disease is due to the urease activity of H. pylori 
leading to an increase in pH at the antral mucosal surface, or whether it is 
indirectly linked to mucosal inflammation (see p. 317). 

The role of H. pylori in duodenal ulcer disease and its interaction with other 
pathogenetic factors can be tested by the effects of eradication of the bacteria on 
gastroduodenal pathophysiology. Treatment trials reported to date confirm the 
central role of H. pylori in ulcer relapse (see p. 327). The effect of eradication on 
GM, pepsinogen and motility remains to be determined. 

Similarly, the role of acid secretion in the development of GM and inflam
mation can be tested by the effect of medical or surgical measures in reducing acid 
secretion and the reduction in GM shown to occur following highly selective 
vagotomy (see p.335); however, there is also an unexpected decrease in the 
frequencey of H. pylori following the operation, which remains to be explained. It 
is probable that, besides the reducing acid secretion, selective vagotomy alters the 
gastric milieu on other respects to one less favourable for H. pylori colonisation. 
Finally, if H. pylori is aetiologically important in most duodenal ulcers, then ulcers 
in H. pylori negative patients should show different, distinct aetiological factors. 
This is the case, with these rare ulcers being associated with NSAID use or 
Zollinger-Ellison Syndrome (ZES) in most cases (see p. 340). Interestingly, ZES 
patients who were also H. pylori positive presented with ulceration at lower acid 
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Fig. 2. Possible expansion of hypothesis in Fig. 1 to include other factors in duodenal ulcer 
pathogenesis. 1, Effect of eradication of H. pylori on pathogenetic pathway. 2, Effect of surgically 
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output, suggesting that in this group the presence of H. pylori lowers the threshold 
of acid hypersecretion necessary for ulceration to develop. 

A scheme for including all proposed factors in duodenal ulcer is shown in Fig. 2. 
This is a testable model, since the effect on the interactions of removing H. pylori 
would separate those aspects of duodenal ulcer pathogenesis which represent a 
constitutional predisposition to the disease, those which require the presence of 
H. pylori to be manifested, and those which are direct effects of the presence of the 
organisms. 



Nonulcer Dyspepsia and Motility 



Is Helicobacter pylori a Cause of Nonulcer 
Dyspepsia? 

N.J. TALLEY 

Introduction 

The term "dyspepsia" means different things to different physicians. While no 
internationally accepted definition exits, one group of investigators defined 
dyspepsia to be upper abdominal or retrosternal pain, discomfort, heartburn, 
nausea, vomiting, or other symptom considered to be referrable to the proximal 
alimentary tract [8]. Although such a definition is probably too broad to be 
clinically useful, other groups have approached the problem in this way [2,10,22]. 
The majority of patients who present to physicians with chronic or recurrent 
dyspepsia, however it is defined, do not have a peptic ulcer or definite evidence of 
organic disease when investigated; such patients have been generally labelled as 
suffering from nonulcer dyspepsia (NUD) [48]. 

The etiology of nonulcer dyspepsia is not established. However, there has 
recently been enormous interest in the relationship between Helicobacter (Campy
lobacter) pylori gastritis and nonulcer dyspepsia. Indeed, the role of gastritis in the 
genesis of dyspeptic symptoms has been argued about for decades [45, 48], and the 
argument has been resurrected following the realization that a bacterial infection 
is very strongly associated with and very likely causes chronic inflammation in the 
stomach [26, 28]. H. pylori is found in approximately 50 % of patients with 
nonulcer dyspepsia although the exact figure has varied from study to study 
reflecting the different populations evaluated [1, 5, 9, 15, 24, 26, 32, 35, 43] 
(Table 1). This has led to the hypothesis that H. pylori is the cause of symptoms in 
such patients. 

The Concept of Cause 

A cause can be defined as an event, condition, or characteristic that plays an 
essential role in producing the occurrence of a disease or disorder [38]. However, it 
can be argued that the cause of any disease or effect must consist of a constellation 
of components that act together. For example, turning on a light switch causes the 
light to go on, indicating a cause and effect relationship; yet, there are unseen 
component causes that act in concert to produce the effect (such as the presence of 
electrical current and a functioning light bulb), and the absence of any of these will 
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Table 1. Symptoms associated with Helicobacter pylori-positive nonulcer dyspepsia 

Author 

Marshall and Warren [26] 
Rokkas et al. [35] 
Rathbone et al. [32] 
Andersen et al. [1] 
Loffeld et al. [24] 
Borsch et al. [5] 
Sobala et al. [43] 
Collins et al. [9] 
Guerre et al. [15] 

Nonulcer 
dyspepsa 
(n) 

65 
55 

193 
33 

109 
69 

186 
18 
96 

H.pylori 
positive 
(%) 

58 
45 
54 
39 
56 
52 
41 
50 
40 

Individual symptoms(s) 
associated with H. pylori a 

"Burping" 
Postprandial belching 
Regurgitation (not esophagitis) 
Nil 
Nil 
Flatulence, a negative predictor 
Nil 
Nil 
Nil 

a Significant differences between nonulcer dyspepsia patients with and without H. pylori 

prevent the effect. A sufficient cause can be considered to be a set of minimal 
conditions and events that inevitably produce disease; all component causes must 
be present before disease develops [37]. The same concept can be applied to 
patients with any chronic disorder including nonulcer dyspepsia. In each case 
there is almost certainly a constellation of component causes that together lead to 
symptoms, and it is conceivable that H. pylori is one of these components (Fig. 1). 

To help judge if a factor such as H. pylori is causal, Hill [17] described nine 
criteria; the more criteria that are present, the more reasonable is the case for 
causality. The relationship between these criteria and H. pylori in chronic 
nonspecific gastritis and nonulcer dyspepsia is presented in Table 2 [44]. Before a 
cause and effect relationship between H. pylori and nonulcer dyspepsia can be 
accepted, at the very least it needs to be shown that H. pylori is truly associated 

? 
Adequate 
degree of 
active chronic 
gastritis 

Fig.I. Conceptual schematization of two groups of sufficient causes for nonulcer dyspepsia. If 
any component cause is absent, disease is absent. All component causes must be present for 
disease to occur. Question mark indicates these are hypothetical causes 
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Table 2. Epidemiological criteria that suggest an association is causal [From 44] 

Criteria H. pylori and H. pylori and 
chronic nonulcer 
(nonspecific) dyspepsia 
gastritis 

1. Strength of association ++++ ± 
(a large relative risk) 

2. Consistency ++++ + 
(finding a consistent association in 
different countries at different times 
and between different research teams) 

3. Specificity +++ 0 
(an almost one-to-one relationship 
between the association and disease) 

4. Appropriate time relationship ++ ? 
(association precedes disease onset) 

5. Biological gradiant 0 ? 
(dose-response curve) 

6. Biological plausibility +++ ? 
7. Coherence of the evidence ++++ ± 

(data should not seriously conflict 
with known facts relating to disease's 
natural history and biology) 

8. Experiment +++ ± 
(disease is abolished or diminished 
by removing the association) 

+ to + + + +, evidence of a positive association varying from mild to marked: ±, equivocal 
association; 0, no association; ?, no data available 

with a subgroup of patients with nonulcer dyspepsia, that infection precedes the 
onset of symptoms, and that symptoms are abolished by the eradication of the 
bacteria [46]. 

Evidence for an Association Between H. pylori 
and Nonulcer Dyspepsia 

Prevalence of H. pylori in Nonulcer Dyspepsia 

While H. pylori gastritis is found in 50 % of patients with nonulcer dyspepsia, 
there is also evidence that H. pylori is highly prevalent in otherwise apparently 
asymptomatic persons [11] although symptom measurement has been suboptimal. 
Moreover, the seroprevalence of H. pylori has been clearly shown to increase with 
age [6,11,19,29] (Fig. 2). Several studies from Europe where biopsy specimens 
were obtained from representative samples of the general population have also 
shown that chronic nonspecific gastritis is highly prevalent and increases with age 
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Fig. 2. Helicobacter pylori prevalence according to age in three industrialized nations (USA, UK, 
New Zealand) and one nonindustrialized nation (Algeria). [From 30] 

[7,18,41,51]. In industralized nations, both superficial antral and body gastritis 
may be found in more than 50 % of the population after their fourth decade. 
Rauws and Tytgat [33] have similarly reported that the prevalence of H. pylori 
gastritis in non ulcer dyspepsia is age related in Caucasians but not in other ethnic 
groups, although the population evaluated was highly selected. 

Despite the high prevalence in the community, it has been suggested that 
H. pylori occurs more frequently in patients with nonulcer dyspepsia than in 
volunteers [31,34]. Shallcross et al. [39] reported that infection was significantly 
more common in subjects with dyspepsia younger than 30 and between 40 and 
49 years of age when compared with blood donors in the same city; however, this 
difference failed to reach significance in the other age groups. What seems to have 
been forgotten is that blood donors and volunteers are not necessarily representa
tive of the normal population. Indeed, in a study from Colombia, H. pylori was 
more common in volunteers that in patients with nonulcer dyspepsia [16]. No 
appropriate case-control studies have yet been reported that take into account 
age, ethnic background, and selection of subjects. 

Association of H. pylori with a Specific Symptom Complex 
in Nonulcer Dyspepsia 

While it has been suggested that H. pylori is associated with specific symptoms in 
patients with nonulcer dyspepsia [26, 32, 35], most studies indicate that symptoms 
are no different between those infected and those who are not [1, 5, 9, 15, 24, 43] 
(Table 1). An association between antacid use and H. pylori serology has also been 
reported [42]. Unfortunately, the quality of most of these studies is questionable, 
as usually no comprehensive validated measure of symptoms was used. 
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Importantly, studies of the association of H. pylori with nonulcer dyspepsia 
symptoms have usually failed to consider that there may be other causes for the 
dyspepsia in these patients, such as the irritable bowel syndrome [49]. In a study of 
100 consecutive patients with a clinical diagnosis of the irritable bowel syndrome 
who underwent endoscopy and gastric biopsy, 62 % had histological evidence of 
chronic gastritis; of these patients, only one-third had upper intestinal symptoms, 
while one-fifth with dyspepsia had no gastritis [12]. Indeed, Ihamaki et al. [18] 
found that while subjects from the community with antral gastritis did have 
significantly more upper abdominal symptoms than those without gastritis, if 
patients with other diseases such as peptic ulcer or gallstones were excluded, the 
association was no longer significant. 

Experimental Evidence for a Causal Relationship 
Between H. pylori and Nonulcer Dyspepsia 

Despite the equivocal evidence for an association between H. pylori and 
dyspepsia, the hypothesis that H. pylori is a cause of symptoms has gained 
attention. Uncontrolled trials have suggested that symptoms may improve after 
eradication of H. pylori [3, 33], but at best such uncontrolled data are preliminary 
and may be quite misleading. Perhaps the strongest support for H. pylori being 
causal or not in nonulcer dyspepsia will come from rigorously conducted 
therapeutic trials. 

A small number of randomized controlled trials have attempted to determine 
whether symptoms can be reduced by treating H. pylori infection with bismuth. 
The first study was reported by McNulty et al. [27]. They compared bismuth 
sub salicylate and placebo in patients with H. pylori gastritis who were attending 
for endoscopy; the study was investigator blind, and symptoms were assessed 
before and immediately after 3 weeks of treatment. Eleven of 12 symptomatic 
patients whose infection was suppressed improved, compared with 21 of 32 
symptomatic patients whose infection persisted. This difference was not statisti
cally significant, presumably because the numbers studied were too small (a 
type II error). Borody et al. [4] in a 4-week double-blind trial compared bismuth 
subcitrate with placebo in 43 H. pylori infected patients. Diary cards were used to 
score symptoms, and infection was reassessed 2 weeks after stopping therapy. 
While significant symptomatic improvement was reported with bismuth, no data 
on the relationship to H. pylori status was given. 

Rokkas et al. [36] compared bismuth subcitrate and placebo for 8 weeks in a 
double-blind study of 52 patients. This was the first published trial using bismuth 
that enrolled both H. pylori-positive and -negative patients; 83 % of H. pylori
positive patients had their infection suppressed by the bismuth. They found that 
92 % of infected patients significantly improved on bismuth compared with only 
25 % on placebo; 60 % of un infected patients also improved on bismuth compared 
with 25 % on placebo. It is important to note that the placebo response was 
remarkably lower in this study compared with the responses reported by other 
investigators. Lambert et al. [23] evaluated bismuth subcitrate and placebo in 48 
nonulcer dyspepsia patients with H. pylori and 30 without infection. They 
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reported that symptoms improved significantly only in the H. pylori infected 
patients given bismuth but the absolute improvement was small. In contrast, 
Loffeld et al. [25] found that bismuth subcitrate and placebo resulted in very 
similar symptom responses in patients with H. pylori gastritis. In that study 50 
patients were randomized; while a significant reduction in the gastritis score 
occurred on bismuth but not placebo, 66 % on bismuth and 71 % on placebo 
reported symptom improvement. Finally, Kang et al. [20] randomized H. pylori
positive and -negative patients to receive either bismuth subcitrate or placebo; 51 
completed the trial. A statistically significant benefit in H. pylori infected patients 
was found, but overall bismuth was not superior to placebo in reducing 
symptoms. 

Single antibiotics have also been evaluated in a few randomized controlled trials 
but the results have been uniformly disappointing. McNulty et al. [27] found 
erythromycin was no better than placebo in symptomatic H. pylori-positive 
patients, but very few had suppression of their infection by this antibiotic. A trial 
of furazolidone, nitrofurantoin, and placebo in 69 H. pylori infected patients also 
demonstrated no significant difference in symptom response between the three 
treatment groups [13]. A high rate of adverse effects was encountered with 
nitrofurantoin, and only 58 % of the patients on this treatment had suppression of 
their infection. Furazolidone suppressed H. pylori in 86 % of cases, but only small 
numbers were randomized to this treatment arm. Glupczynski et al. [14] evaluated 
amoxycillin in 45 H. pylori infected patients; while 91 % had suppression of 
H. pylori on therapy, symptomatic improvement was not different from those who 
were receiving placebo. 

The experimental evidence therefore suggests that bismuth but not antibiotics 
alone may improve symptoms in patients who have H. pylori infection. However, 
the placebo response could explain much of the benefit observed. Moreover, all 
the studies have suffered from potentially serious biases which has made 
interpretation of the results difficult [47]. The adequacy of blinding with bismuth, 
for example (which results in black stools and teeth), was not carefully addressed 
by any of the trials. The symptom ratings used in each of the studies were also not 
validated; this led Veldhuyzen et al. [50] to conclude that no treatment is of 
established benefit in the relief of symptoms in H. pylori-associated nonulcer 
dyspepsia. Indeed, individual symptom improvement has been highly variable in 
all of the trials and no long-term follow-up results have been published. Bismuth 
also has other actions on the gastric mucosa in addition to suppressing H. pylori; it 
forms a physical barrier to acid and pepsin, increases alkali secretion by an 
independent mechanism, and possibly enhances prostaglandin formation [21,40]. 

Unfortunately, none of the controlled trials have evaluated the effect of 
eradication of H. pylori on symptoms. It would be expected that if H. pylori is a 
component cause then its removal would abolish symptoms when gastritis 
eventually heals, but this remains to be established. 
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Conclusions 

While there is convincing evidence that Helicobacter pylori is a cause of chronic 
nonspecific gastritis, the relationship between gastritis and dyspepsia is unclear. 
Although there is some very preliminary evidence that supports the hypothesis 
that H. pylori is of etiological importance in nonulcer dyspepsia, the quality of the 
data are questionable and the results conflicting. If H. pylori does playa role, the 
organism by itself is very unlikely to be sufficient to cause symptoms. This is 
because dyspepsia can occur in the absence of infection, and infection can be 
present in the absence of symptoms. However, H. pylori could comprise one of the 
causal components in some patients. In the hypothetical models presented in 
Fig. 1, the presence of all the component causes is necessary to induce symptoms. 
These models would explain why infection can be asymptomatic or why dyspepsia 
can occur in the absence of infection. If the models are correct, then in the vast 
majority of cases H. pylori will be a benign infection, as the other components 
necessary to induce clinical illness will be missing. Rigorously conducted 
randomized controlled trials and longitudinal studies are now needed to evaluate 
the hypothesis that H. pylori causes dyspepsia before treatment recommendations 
can be made. The search for other component causes is also important because we 
may then be able to predict who is likely to benefit from treatment. 
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Gastritis and Altered Motility; the Ability 
of a Mucosal Inflammatory Reaction to Alter Enteric 
Nerve and Smooth Muscle in the Gut 

S. M. COLLINS 

The Association Between Gastritis and Altered Gastric Motility 

Dyspeptic symptoms such as pain, nausea, and vomiting, that accompany 
gastritis, and which are sometimes refractory to gastric acid suppression, may 
arise from disturbances in gastric motility. Indeed, motility disturbances have 
been described in several studies on patients with active gastric ulceration [6, 11]. 
In addition, Liebermann-Meffert and Allgower [9] demonstrated hypertrophy of 
muscle and structural alterations in enteric nerves in specimens resected from 
patients with gastric ulcer; Hiatt and Katz [7] showed increased numbers of mast 
cells in the muscle layers below gastric ulcer craters. 

Motility changes have also been documented in patients with healed gastric 
ulcers, but in whom gastritis persists; a study by Moore et al. [12] showed an 
inverse correlation between the degree of gastritis and postprandial motor activity 
recorded manometrically from the antrum. These findings suggest that the 
presence of inflammation in the gastric mucosa is accompanied by alterations in 
gastric motility. Testoni et al. [19] found altered interdigestive motor activity in 
patients with bile reflux gastritis, but did not consider the motility changes to be 
secondary to gastritis since they were also observed in patients with bile reflux 
without gastritis. It should be noted that this study examined only interdigestive 
motility and it is possible that patients with gastritis exhibit motor changes on 
provocation (e.g., after food). 

Altered Motility in Other Mucosal Inflammatory Conditions 

Abnormal motor activity is a well-recognized feature of peptic esophagitis, and 
there is experimental evidence to suggest that motor disturbances may he 
secondary to the inflammation [2]. Alterations in motility have also been described 
in association with peptic ulcer disease [6, 11], untreated celiac disease [17], and 
inflammatory bowel disease [8, 16]. In the latter, motor changes in the colon are 
reversible as the inflammatory activity decreases, suggesting that inflammation 
alters motility [8]. However, the mechanisms whereby inflammatory cells induce 
motility changes are unknown. Since motility is determined by the contractile 
status of smooth muscle, under the influence of enteric nerves and gut hormones, it 
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is likely that inflammation alters motility by modulating the function and/or 
structure of these tissues. 

To better understand the ability of inflammatory reactions to alter the motor 
apparatus of the gut, it has been necessary to use animal models of gut 
inflammation. 

The Choice of Animal Model for Study 

Previous studies, performed largely in this laboratory have shown that infection of 
animals with enteric parasites (nematodes) is associated with alterations in 
gastrointestinal transit [3], myoelectrical activity [15], and the propulsion of 
lumenal fluid [1]. Since these observations were made during the enteric phase of 
the primary infection, which is associated with an acute mucosal inflammatory 
reaction in the jejunum, these infections serve as useful models to study the impact 
of inflammatory processes on the motor apparatus of the gut: the smooth muscle 
and enteric nerves. The studies by Alizadeh at al. [1] showing altered propulsive 
activity in extrinsically denervated gut segments from rats infected by Trichinella 
spiralis suggest that the locus of effect of the inflammatory process on the motor 
apparatus lies within the gut wall. 

The Effect of Inflammation on Smooth Muscle Contraction 

Trichinella spiralis infection in the rat produces an inflammatory infiltrate that is 
largely restricted to the mucosa and submucosa of the proximal small intestine, 
and consists of a mixture of acute inflammatory cells [13]. Inflammation reaches a 
maximum within the first week of infection. 

In longitudinal muscle from the jejunum of infected rats, there is a time
dependent change in contractility. There is a decrease in the degree of stretch 
necessary for the generation of maximum tension, as well as an increase in the 
maximum activity generated [20]. The increased contractile responsiveness is 
pharmacologically nonspecific and occurs when muscle is stimulated by the 
muscarinic agonist carbachol or by 5-hydroxytryptamine. These observations, 
together with the results of receptor-binding studies, indicate that the changes in 
contractility are receptor independent. Ligand binding of 3H-N-methyl
scopolamine to muscle cell membranes actually revealed a decrease in the total 
number of muscarinic receptors in tissues from the inflamed intestine, and no 
significant alteration in affinity for either antagonists or agonists [14]. 

Further study of muscle cell membranes from infected rats revealed a 
substantial (> 80 %) decrease in the activity of the enzyme p-nitrophenyl
phosphatase (pNPP), a convenient biochemical marker for the A TP-dependent 
Na + -K + pump. Suppression of the Na + pump was demonstrated by a decrease in 
the ouabain-sensitive uptake of 86-rubidium by muscle from infected rats 
compared with controls. In many excitable tissues the Na + pump is electrogenic 
and contributes to the polarity across the plasma membrane. Suppression of the 
pump serves to partially depolarize the membrane, bringing it closer to its 
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threshold for excitation. Thus, the biochemical evidence of pump suppression 
would be consistent with increased contractile responsiveness observed in muscle 
from the inflamed intestine if the pump is indeed electrogenic. Evidence in support 
of this was obtained by either stimulating or inhibiting the pump and observing 
predictable changes in tension generation by the muscle [14]. The attenuation of 
tension generation following pump inhibition in muscle from infected rats was 
taken as evidence of preexisting pump suppression. Taken in conjunction with the 
biochemical data, these findings indicate that Na + pump suppression contributes 
to the increased contractility of muscle from the inflamed intestine. 

It is likely that other mechanisms contribute to the increased contractility and 
these are presently under study in our laboratory. In addition, it should be 
emphasized that inflammation is also associated with trophic changes in muscle in 
this model, as well as in man [9]. Morphometric analysis revealed both 
hypertrophy and hyperplasia of jejunal longitudinal muscle from the jejunum of 
Trichinella-infected rats [24]. Since the above-described changes in contractility 
were expressed per unit cross-sectional area of muscle, and are therefore 
independent of trophic changes, the increased thickness of the muscle would serve 
to amplify the force generated in the inflamed gut wall. 

The Effect of Inflammation on Enteric Nerve Function 

Studies in man have shown structural damage to enteric nerves in association with 
peptic ulcer disease [9] and inflammatory bowel disease [5]. Recent studies have 
examined the impact of mucosal inflammation on the function of enteric nerves in 
the gut. Using myenteric plexus/longitudinal muscle preparations from which the 
overlying mucosa and circular muscle had been dissected, measurements were 
made of acetylcholine (ACh) and noradrenaline release. ACh release was 
measured after preincubating tissues with 3H-choline, washing, and stimulating 
with KCI, veratridine or electrical field stimulation. In control preparations, each 
stimulant caused a significant increase in ACh release. However, in tissues from 
rats infected with T. spiralis 6 days previously, ACh release was suppressed by 
80 %. The suppression of ACh release lasted over 23 days, and returned to normal 
only after more than 40 days postinfection [4]. Similar results have recently been 
obtained with 3H-noradrenaline release from this preparation. On the 6th day 
postinfection, there was a > 70 % reduction in the evoked release of the 
sympathetic neurotransmitter from the inflamed intestine. In rats pretreated with 
betamethasone 3 mg . kg- 1 s.c., the suppression of 3H-NA release was at
tenuated, suggesting that it was a consequence of the host inflammatory response 
rather than a direct effect of the parasite [18]. 

Underlying Immunologic Mechanisms 

Initial experiments examined the extent to which the above-described changes in 
muscle function require the local presence of the worm. Segments of jejunum were 
excluded from the gut prior to infection by T. spiralis. After the 6th day post-
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infection, contractility of muscle from the excluded segments was examined. 
Muscle from excluded segments of infected rats generated more tension than did 
that from the excluded loop of control rats [10]. These findings suggest that a 
systemic mechanism contributes to the inflammation-induced changes in smooth 
muscle function. The logical source of this mechanism is the immune system. 

To investigate the role of lymphocytes in the development of smooth muscle 
changes, similar experiments were performed in athymic (nude rnu/rnu) rats and 
their thymus bearing littermates. In the thymus bearing (rnul + ) rats, Trichinella 
infection was accompanied by the same increase in muscle responsiveness as had 
been observed in Sprague Dawley rats on the 6th day postinfection. However, 
such changes were absent from athymic rats on the 6th day postinfection, 
suggesting thymic dependence of the muscle changes. This was confirmed by 
reconstituting lymphocyte capacity following the i.v. administration of splenic 
lymphocytes from a thymus bearing rat. Reconstitution of lymphocyte capacity 
was accompanied by the appearance of muscle hyperresponsiveness on the 6th day 
postinfection with T. spiralis [23]. These findings suggest that T lymphocytes play 
a role in the development of changes in smooth muscle contractility in the 
inflamed gut. 

Mast cells may also interact with the motor apparatus of the gut. Mast cells have 
been observed in gastric muscle in association with peptic ulcer disease [7] and 
inflammatory bowel disease [5]. In the nematode model, mastocytosis in gut 
muscle is prominent and has served as a model to evaluate mast cell interactions. 
In this model, degranulation of connective tissue mast cells contracts muscle via 
the release of 5-hydroxytryptamine acting directly on the muscle [23]. In human 
tissue, mast cells contract muscle via the release of several mediators that include 
platelet activating factor [23]. It is not known, however, whether mast cell 
activation is part of the immune response to infection by Helicobacter. 

Summary and Conclusion 

There is ample clinical data from a variety of sources that demonstrate altered 
gastrointestinal motility in association with mucosal inflammatory diseases. 
While data on the existence of motility changes occurring in conjunction with 
Helicobacter infection are forthcoming (see contributions to this volume by 
Pieramico and by Marzio), it is reasonable to anticipate that the gastritis 
associated with this infection will produce motor changes. The foregoing has 
provided a description of recent work regarding the ability of a superficial 
inflammatory reaction to alter the function of smooth muscle and enteric nerves 
and will hopefully serve as a basis from which to evaluate and exploit motor 
changes in Helicobacter-associated gastritis. 
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Influence of Chronic Antral and Duodenal 
Inflammation on Motor Disorders 

L. MARZIO and D. PIERAMICO 

Motor disorders involving electrical control activity (ECA) , fasting, and fed 
gastroduodenal motility and alteration in gastric emptying have been identified in 
patients with dyspeptic symptoms [2], chronic type B gastritis [3], and duodeno
gastric reflux [4]. The most frequent abnormality of antroduodenal motility 
during fasting is a longer than normal duration of migrating myoelectrical 
complexes (MMCs) mainly due to a prolongation of phase II and shortening 
of phase I activity [1]. This abnormality should increase the possibility of 
generating a gastroduodenal bile reflux which was earlier considered to be the 
main pathophysiologic process involved in the genesis of chronic gastritis. The 
demonstration that MMC prolongation and duodenogastric reflux is present 
also in patients without gastritis [1] may suggest the hypothesis that gastritis is 
more a consequence than cause of the motor abnormality, such as in case with 
esophagitis and of gastroesophageal reflux. 

During the fed state patients with antral gastritis and type I gastric ulcer present 
a hypomotile antrum while the duodenum and jejunum are apparently normal. 
The degree of gastritis is inversely related to the postprandial motility index, while 
during fasting no difference is noted [3]. Antral hypomotility is present also with 
gastritis alone without ulcer disease, suggesting that gastric mucosal inflammation 
and antral hypomotility rather predispose to ulceration than simply accompany it 
[3]. 

Antral hypomotility during the postprandial period in patients with antritis 
should result in a delay in gastric emptying with abnormally prolonged stasis of 
food and acid in the stomach with increased likelihood of the formation of 
gastritis and ulcer. Conversely gastric emptying seems to be accelerated in 
duodenal ulcer patients who show an abnormally prolonged secretory response 
with excessive gastric emptying of unbuffered acid, especially in the late 
postprandial period [5]. Other motor abnormalities reported in duodenal ulcer 
patients include reduced frequency of mixing type duodenal motor waves and 
increased contractility in the distal duodenum [6]. A recent study on gastric 
emptying in duodenal ulcer patients however failed to detect any abnormality in 
comparison with the control population [7]. 

It may be summarized that gastric ulcer, duodenal ulcer, type B gastritis, and 
duodenitis are associated with abnormalities of motility during fasting an fed 
state. The presence of similar abnormalities in patients with dyspeptic symptoms 
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without any evidence of inflammation or ulcer suggests that motor abnormalities 
may precede the inflammatory process. In patients with nonulcer dyspepsia, Rees 
et al. [8] found low amplitude antral waves with a marked delayed gastric 
emptying after a solid meal. Malagelada and Stangellini [2] in a study of 104 
patients with nonulcer dyspepsia found 27 % with normal motor pattern, 41 % 
with motor abnormality localized in the antrum, and the remaining had motor 
abnormalities in the antrum and small intestine. These include a complete absence 
of MMCs, nonpropagating or retrograde MMC, and marked hypomotility 
during fasting and the fed state. However, the symptoms did not predict the 
presence, severity, anatomic distribution of any manometric abnormality. The 
MMC cycle also appeared to be abnormally long or without the appearance of 
phase III activity during the period of observation. 

The electrical counterpart of these motility alterations, that is, antral hypocon
tractility and delayed gastric emptying is the so-called antral tachigastria or 
disrhythmia. These abnormalities in the ECA have been shown in patients with 
severe abdominal pain, nausea, and vomiting [9], and the syndrome is 
characterized by increased frequency of ECA to up to 8 -11 cycles per min in the 
stomach (tachigastria) with periodic absence of electrical depolarization (arrhyth
mia). In these patients electrical response activity is completely absent, therefore 
no contraction appears. Antral tachigastria has been reproduced experimentally 
in humans with the induction of motion sickness through labyrinthine stimulation 
[10]. 

With regard to Helicobacter pylori, type B gastritis, and motility both a close 
relationship between H. pylori gastritis and duodenitis [11] and antroduodenal 
motility abnormalities has been found. Therefore, it has been suggested that the 
altered motility abnormalities encountered in H. pylori-positive antral gastritis 
may be due to the infection itself. Studies from our laboratory confirm that in 
patients with H. pylori-positive gastritis there is a delayed gastric emptying of a 
solid meal in comparison with controls [12]. In another study, however, Wegener 
et al. [13] found that gastric emptying was delayed similarly in patients with 
nonulcer dispepsia both with and without H. pylori. These results suggest that 
factors other than H. pylori are involved in the genesis gastritis and related 
motility abnormalities. Studies evaluating motility alterations before and after 
eradication of H. pylori and healing of antral gastritis will help to elucidate the 
problem. 
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Therapeutic Approaches 



Why Should We Treat Helicohacter pylori Infection? 

M. DELTENRE 1, E. DEKOSTER 1, J. F. NYST 1, and Y. GLUPCZYNSKI2 

Some years ago, the treatment of infection by Helicobacter pylori (HP) used to be 
an ethically embarrassing problem because no one could be sure whether the 
organism was a commensal or a true pathogen for gastroduodenal mucosa. 

Nevertheless, most of what we have learned about the true responsibility ofHP 
in various upper GI tract diseases has resulted from therapeutic trials. In 1989, we 
know that HP is a key factor in the development of chronic active gastritis and the 
maintenance of duodenal ulcer disease. The role of HP in patients with gastric 
ulcer relapses remains to be definitively established, even if Rauws [36] has 
reported a 100% incidence rate in patients with gastric ulcer (with alcoholics, 
NSAID users, and patients with "ischemic" ulcer excluded). In cases of 
"idiopathic dyspepsia," commonly named "non-ulcer dyspepsia" (NUD), the 
precise role of HP-related gastritis remains to be determined - because it must be 
underlined that most HP carriers with gastritis are symptom free [1]. 

As far as epidemic gastritis is concerned, most physicians encounter some cases 
of acute dyspepsia in previously asymptomatic patients in whom endoscopy with 
biopsies revealed gastritis with polynuclear infiltration and HP. But other 
organisms are able to give such clinical signs and the precise proportion of HP
related acute gastritis among acute dyspepsias is unknown, as is the mode of 
contamination. The invasive phase may be characterized by an acute achlorhydric 
gastritis, but so far there is no controlled trial showing the possible advantages of 
treatment at that stage. 

We discuss here the advantages of HP suppression or, when possible, 
eradication in chronic gastritis, duodenal ulcer disease, and NUD. 

Chronic Type B Gastritis 

The responsibility of HP in the development of type B gastritis is almost certain. 
The organism is cultured, found at the site of the disease, and experimental 
infection has been successfully performed in animals. Histological features allow 
differentiation of this type of chronic gastritis from bile reflux gastritis [33] or 
autoimmune atrophic gastritis of Biermer's disease. 

The clearance of HP improves the gastritis, but active gastritis reappears with 
HP reactivation [15, 29, 37]. This point was confirmed in a placebo-controlled 
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study with amoxycillin [19]. When HP eradication is achieved, gastritis may 
progressively heal [36]. 

Karnes et al. [23] suggested that atrophy, a well-known precancerous condition, 
could be an end-stage of HP-related gastritis: among individuals over 60 years old 
with atrophic gastric mucosa, antibodies may be still present when the organism is 
no longer found in the antrum. This could be the first reason for which we would 
recommend eradication of HP. 

Duodenal Ulcer 

The second reason justifying a treatment is the clear relationship between HP and 
duodenal ulcer (DU) disease. HP is found in 100% of DU patients in whom 
Crohn's disease, NSAID intake, or carcinoma have been ruled out. 

Among etiologic factors of DU, stress, smoking, NSAID intake, and genetics 
seem to be accessory (or poorly known) factors. Mucosal defense, optimal 
vascularization, and the amount and components of mucus are obviously 
important, but in clinical studies prostaglandin analogs were shown to be poorly 
effective and frequent side effects have been described. Probably because of 
available therapeutic means, acid and HP are currently considered to be 
prominent factors in the etiology of DU. 

Acid may be suppressed by gastrectomy (with a high risk of dysplasia 
developing or even cancer after the 13th year) or long-term anti-H2 or 
Omeprazole treatment, but the risk of developing malignancy, although probably 
very low, does exist with long-term acid suppression. Finally, there is a 10 %-
15 % failure rate of selective vagotomy after 5 years: these percentages are in the 
range of relapse rates after eradicating HP, the other key factor in duodenal ulcer 
disease. 

The suppression of the organism might speed up the healing of the acute phase 
of DU. Bayerdoerffer et al. [3] using Ofloxacine, and Graham et al. [21], with a 
tritherapy associated with ranitidine, found that HP clearance accelerates healing 
of the acute phase of DU. The point may be of minor importance because 
Omeprazole alone is able to heal duodenal ulceration in 2 or 3 weeks; however, no 
data are currently available about the speed ofDU healing with a combination of 
Omeprazole and antimicrobials. 

Tremendously more important is the dramatic reduction of the relapse rate of 
DU after HP eradication. Colloidal bismuth subcitrate (CBS) is known to give a 
longer remission period than anti-H2. According to Chiverton and Hunt [12] this 
is not related to a rebound induced by anti-H2 treatment, since the mean relapse 
rate is equivalent both for placebo and anti-H2. 

The importance of eradicating HP has been demonstrated by several indepen
dent studies [13, 30, 39] and the minimal relapse rate of 6 % was observed by 
Borody et al. [7], only 3 out of 53 eradicated patients receiving oral tritherapy who 
returned for follow-up had relapsed in a mean period of 16.3 months. In the same 
studies, the relapse rate of still positive patients was 72 % -81 %. Eberhardt et al. 
[16] reported a significant reduction of the relapse rate of gastric ulcer after healing 
with bismuth subsalicylate compared with cimetidine. 
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"Idiopathic Dyspepsia" or NUD 

Dr. Axon 1989, personal communication interestingly pointed out that among 
NUD patients, the prevalence of HP is perhaps 10% to 20 % higher than in 
normal individuals and varies with age, race, and social condition. There is no 
specific symptomatic profile of HP + NUD and a majority of HP carriers with 
gastritis are asymptomatic. Therefore, is there any benefit in suppressing or 
eradicating HP in NUD patients and if yes, which patients might benfit from this 
treatment? This question is especially important in children. 

HP is known to be closely related to gastritis, but we overlook to what extent 
gastritis produces symptoms. Moreover, since 7% of patients with HP had no 
proven gastritis in our series [14], HP might, at least theoretically, itself produce 
symptoms. 

In fact, the question of utmost importance is: what do we mean by NUD? One 
possible definition is a chronic (more than 4 weeks?) syndrome with upper 
abdominal complaints without ulcer, biliary, or pancreatic disease. But what 
about tiny mucosal erosions? If it seems reasonable to exclude from NUD, 
alcoholics, NSAID users, irritable bowel syndrome, gastroesophageal reflux, and 
operated patients as well as pregnant women, how should we consider patients 
using sedatives (or any other drug), diabetics with motility disorders, or simply 
"social" drinkers? 

About the benefit of HP clearance in NUD, several studies comprising more 
than 200 patients [6, 24, 28, 38] revealed at least partial a benefit while the results of 
McNulty et al. [32], Kang et al. [22], Deltenre et al. [15], Bamford et al. [2] and 
Borsch and Opferkuch [8] in a total of 272 patients did not show any advantage. 
The discrepancies in the results are due to different scoring techniques and the 
difficulty in measuring "improvement" and "worsening." Moreover, because of 
double-blind randomization, very few HP-positive patients have been treated with 
active drugs in clinical trials. Among them, around one-third became asymptoma
tic, perhaps because of HP suppression but possibly because of other beneficial 
action of the drugs used. Finally, NUD is a long-term disease, and other diseases 
may supervene during its evolution. StUdying NUD requires long-term follow-up 
and compliance of patients may be a problem. 

Treatments and Side Effects 

The discussion of various therapeutic combinations to attempt to eradicate HP is 
beyond the goal of the present paper. Nevertheless, while discussing the benefits of 
a treatment, possible complications and side effects must be kept in mind and 
balanced with potential advantages. 

Monotherapies are usually safe but useless: anti-H2, sucralfate, prostaglandin 
analogs, metoclopramide, acetomiphene, propranolol, and all antimicrobial 
drugs tested in mono therapy have proved ineffective in terms of eradication. Side 
effects have been frequently reported with oral tritherapy with 14 % intolerance in 
the series of Borsch et al. [9] and up to 32 % in the series of Borody and Carrick [5]. 
Thus, double drug therapy is now the modality of choice, but many questions 
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remain unsolved and compliance is probably the main problem for long-term 
treatment. Various associations of amoxycillin, nitrofurans, tini-metronidazole, 
and bismuth salts are currently being used with a success rate varying between 
60 % and 80 % for eradication. Boero et al. [4] reported that short course (1 week) 
therapy is equivalent to a 4-weeks treatment courses. Successive therapy has been 
shown to be less effective but the 5-day tritherapy described by Coelho et al. (1989, 
personal communication) is interesting and may lead to trying shorter treatments. 

The second problem is the induction of resistance to antimicrobial agents. 
Posttreatment resistance to tinidazole was previously described by Marshall et al. 
[30] and confirmed by Burette et al. [10] who found almost 30% pretreatment 
resistance. The same phenomenon was observed, to at a lesser extent, by Mathai et 
al. [31] also for metronidazole. CBS has been claimed to prevent the occurrence of 
resistance to nitroimidazole [20]. Development of resistance to quinolones has 
been described by Glupczynski et al. [18]. 

Finally, another point is that the organism is not eradicated by drugs to which 
HP is and remains sensitive. 

All forms of bismuth salts have been found to be equivalent for in vitro 
susceptibility [17]. As far as the potential toxicity of bismuth salts is concerned, 
Lambert et al. [25] reported that CBS and bismuth subsalicylate, in single dose or 
4- and 8-week courses do not accumulate bismuth in antroduodenal mucosa or in 
gastric mucus. There is no prolonged action in the mucosa and bismuth is cleared 
from the stomach within 2-4 h after oral intake, but after 4- or 8-week courses, 
plasma concentration of bismuth is significantly increased. Cadranel [11] 
confirmed these data in children, demonstrating that bismuth plasmatic con
centration decreases when the treatment is stopped, but the risk of tissular 
accumulation has not been clearly evaluated. The treatment of infected children to 
relieve symptoms and perhaps prevent future DU is a difficult question. The 
definition of NUD in children is, at least, as difficult as in adults and the natural 
evolution of infection during childhood is not precisely known. Eradication in all 
family members must be obtained to avoid quick reinfection. Ifmass screening is 
decided upon, the only reasonable screening test in terms of safety and cost would 
be serology. Amoxicillin is almost the sole antimicrobial that has been tested in 
children: the reported eradication rate is low (27 % according to Oderda et al. [36]) 
but the association amoxycillin-tinidazole achieved eradication in 94 % of 32 
children [35]. 

Omeprazole, which may be the most-prescribed drug for peptic diseases in the 
near future, may be associated with antimicrobial agents. So far, there is no proof 
that Omeprazole alone is able to eradicate HP: Mainguet et al. [27] reported 
suppression, not eradication. False-negative culture after a course of Omeprazole 
may occur because of the overgrowth of contaminants. The potentialization of 
amoxycillin by Omeprazole has been confirmed by Lamoulliatte et al. [26] with a 
53 % eradication rate 4 weeks after the discontinuation of Omeprazole. 

No data are currently available about topical or intermittent therapy, urease 
inhibitors, or other drugs. 
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Conclusions 

Eradication of H. pylori may be an important step towards prevention of both 
gastric cancer and peptic ulcer of the stomach and duodenum. Duodenal ulcer 
remains a very frequent, expensive, and sometimes life-threatening disease. 
Despite perform ant endoscopic bipolar coagulation in hard bleeders and close 
medico-surgical cooperation, 13 of our patients died from acutely bleeding gastric 
duodenal ulcer in a 7 -year period; they represent around 2 % of all upper G I tract 
bleeders admitted in our hospital. 

At present, we strongly feel ourselves right in trying to eradicate HP in duodenal 
ulcer disease because there is so far no 100 % safe and definitive treatment of the 
disease. To confirm this feeling, one may follow the proposal of Dr. Pounder 
(1989, personnal communication) and set up a prospective randomized study with 
three arms: two with tritherapy amoxicillin plus metronidazole for 2 weeks and 
either BSS or CBS for 8 weeks and a third arm of ranitidine alone followed by 
maintenance treatment. 

We would advise short-term bitherapy to avoid dropouts because of bad 
compliance or side effects and recommend systematic endoscopy at 6 and 12 
months to rule out asymptomatic relapse under anti-H2, with perhaps an 
additionnal group being treated by Omeprazole which may soon be the most 
prescribed drug in the acute phase of DU. Whatever the antimicrobial combi
nation used, the occurrence of resistance must be carefully checked and the follow
up of healed patients, the monitoring of reinfection and its consequences may 
provide a more precise approach to increasing our knowledge of the relationship 
of H. pylori infection and peptic ulcer. 
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How to Eradicate Helicobacter pylori 
and Prevent Reinfection 

C.O'MORAIN 

The idea that peptic ulcer disease may have an infective cause is not new. In 1940 
Freedberg and Barron [1] suggested that the success of bismuth compounds in 
peptic ulcer might be due to the suppression of gastric spirochaetes. The discovery 
of H. pylori and its strong association with duodenal ulcer disease has heigh ted 
interest in a possible infective cause for duodenal ulcer disease and in turn has led 
to investigations to discover whether eradication of this organism would succed 
where antacid therapy had failed. The prolonged remission from duodenal ulcer 
achieved if H. pylori is eradicated has intensified efforts to eradicate the organism 
and prevent reinfection. 

Relationship Between H. pylori and Relapse 

H. pylori is strongly associated with duodenal ulcer disease and histologically 
proven gastritis. In a study from our unit H. pylori has been found in 90 % of 
patients with duodenal ulcer. Histological gastritis was present in 76 % of 
duodenal ulcer patients and 95 % of patients with histological gastritis were 
H. pylori positive [2]. These results are typical of those reported worldwide. 

Linking H. pylori pathogenically to duodenal ulcer disease has proved very 
difficult. Endoscopic studies of asymptomatic people are not common and one 
cannot unequivocally prove that infection precedes ulceration. Studies of ulcer 
relapse therefore provide the logical method of resolving this problem since if a 
causative relationship does exist, eradication of H. pylori should alter the natural 
history of duodenal ulcer disease. Colloidal bismuth subcitrate (CBS) and bismuth 
subsalicylate (BSC) have been shown to inhibit H. pylori both in vitro and in vivo. 
In vitro studies of over 100 strains of H. pylori have been shown to have a 
minimum inhibitory concentration (MIC) 90 for CBS with a dosage range 
of2- 30 mg/m!. These levels are achieved in vivo in the gastric antrum for 4 h after 
administration. This explains our findings and those of others that administering 
CBS in a dosage spread over four times a day is far more effective in eradicating 
H. pylori than is a twice a day regime [3]. 

In a study from our unit of patients randomised to treatment with either CBS or 
cimetidine it was found that both were equally effective in healing duodenal ulcers 
after 4 weeks of treatment but that CBS reduced gastritis in 34 % of patients and 
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H. pylori in 39 % of patients. Cimetidine had little or no effect on gastritis or 
H. pylori eradication [4]. Patients with healed ulcers were followed up for 1 year 
and end os coped at the end of that year of earlier if they became symptomatic. 
Patients who were H. pylori positive at the end of the treatment had a 79 % relapse 
rate compared with a 29 % relapse rate in those patients who were rendered 
H. pylori negative. Of the patients who were H. pylori negative initially and 
relapsed, five had become H. pylori positive, all of these showed evidence of 
histological gastritis and three had developed duodenal ulcer [5]. There has been 
confirmation of this finding by four other independent studies showing that 
patients rendered H. pylori negative are less likely to relapse than are those who 
are H. pylori positive (Table 1) [6-9]. 

Table 1. Relapse of duodenal ulcer according to posttreatment H. pylori status 

Reference 

Coghlan et al. [5] 
Smith et al. [6] 
Lambert et al. [7] 
Borody et al. [8] 
Marshall et al. [9] 

Studies 
(n) 

39 
36 
45 
21 
68 

Relapse rate after 1 year 

H. pylori positive H. pylori negative 
(%) (%) 

79 27 
88 25 
78 40 

14 
78 20 

It is not yet entirely clear whether H. pylori or the ulcer reappears first. 
Langenberg et al. have shown that despite apparent clearance of the H. pylori, 
recurrence up to 6 months later is probably due to recrudescence of the same 
organism as undentified by the DNA pattern [10]. In our unit we have found that 
while CBS temporarily suppresses H. pylori in up to 70 % of treated patients, 
eradication adjudged by negative culture at 1 month posttreatment occurs in only 
20 % - 30 % of cases. Borody et al. [8] followed up patients in whom eradication 
was apparently achieved 1 month after treatment; for a further 12-25 months they 
found that reinfection was extremely uncommon with only 5 % becoming 
H. pylori positive with in this time. 

Bismuth Compounds 

The association of bismuth compounds with the treatment of gastric disorders 
goes back over 200 years. The advent of H2 antagonists which are simple and 
convenient to take, highly effective, and whose mechanism of action was 
apparently logical rapidly displaced bismuth compounds in the treatment of ulcer 
disease in the 1970s. A report from France of nearly 200 cases of bismuth 
encephalopathy further hastened the relegation of bismuth therapy. By the early 
1980s H 2 antagonists had become the gold standard in the treatment of duodenal 
ulcer. 
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Seven trials compared CBS with H2 antagonists in the treatment of duodenal 
ulcers where no maintenance therapy was given and at least a 1-year endoscopic 
follow-up was available. The relapse rate was lower in the bismuth group in six of 
the studies, and in four statistical significance was reached. The above findings 
have been confirmed by Dobrilla et al. [11] who used pooled data from available 
trials to compare the relapse rates for duodenal ulcer patients whose had been 
healed with H2 antagonists with those whose ulcers had been healed by any other 
treatment. They showed that patients initially healed with CBS are less likely to 
relapse than their H2-treated counterparts by 36% at 6 months and 26% at 1 
year. The data reviewed included patients treated with pirenzepine, sucralfate, 
carbenoxolone, and antacids. It is interesting to note that of all the mucosal 
protective agents only CBS has a significantly superior relapse profile to H2 
antagonists. 

The reason why CBS should be associated with a lower relapse rate remains 
unclear. IfH2 antagonists induce relapse by a rebound effect when acid supression 
is lifted, then all the other agents should demonstrate the same apparent reduction 
in ulcer relapse. Furthermore, the excess should occur within weeks of discontinu
ing H2 antagonist therapy and relapse should be the same thereafter - this is not 
the case. It has been suggested that accumulated body stores of bismuth continue 
to exert a therapeutic effect long after dosage has ceased. As urinary excretion 
declines nonexpotentially to normal levels within 2 months of stopping treatment 
[12], it is difficult to conceive that immeasurable drug levels continue to exert 
benefit up to 1 year later. Improvement of associated histological gastritis and 
more complete ulcer healing with normalisation of duodenal mucosa seems a 
reasonable explanation. This would, however, apply equally to all types of 
cytoprotective agents and the available evidence does not support this concept. 

Finally, one must consider the possibility that suppression of H. pylori which 
colonises the gastric antrum of over 90 % of patients with duodenal ulcer and 
which is strongly associated with histological gastritis could in some way explains 
the lower relapse rate found with CBS. 

CBS has cytoprotective effects on the gastric and duodenal mucosa which are 
independent of H.pylori [12, 13]. CBS binds to gastric mucin forming a 
glycoprotein bismuth complex which adheres to the ulcer crater and retards 
hydrogen ion diffusion. It also increases local PGE2 and while reducing the 
concentrations of local aggressive factors such as leukotreine C4 and pepsin. It is 
therefore important not to simply equate CBS-induced ulcer healing with 
H. pylori eradication. In the treatment of duodenal ulcer the other properties of 
bismuth are important and antibiotics alone as suggested possible treatment for 
H. pylori are unlikely to be effective in healing ulcers. Although surprisingly some 
studies suggest that they are equally effective in healing duodenal ulcer. 

Antibiotic Therapy 

Although H. pylori is sensitive in vitro to a wide range of antibiotics including 
penicillin, metronidazole, tinidazole, cephalosporins, some quinolones, gentamy
cin, tetracycline, erythromycin and rifampicin, the clinical efficacy of most of 
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these agents however, is poor [18]. Erythromycin, for example, is not effective in 
the low pH environment of the stomach. 

Most studies of eradicating H. pylori using antibiotics involve a wide variety of 
diseases including gastritis duodenitis and both duodenal and gastric ulcers. 
Studies looking at a single disease entity are probably more valid as it is possible 
that different strains are responsible for different conditions. Antibiotics alone 
have been used to eliminate H. pylori. Antibiotic monotherapy with nitrofuran
toin, amoxycillin, and furazolodine over 4 weeks results in bacterial elimination 
rates similar to those obtained with bismuth compounds [19,20]. However, 
prolonged administration of antibiotics results in unacceptable side effects. A 
combination of bismuth and antibiotics results in elimination rates between 33 % 
and 94 % [8, 21-23]. 

Over the last 2 years we have treated patients with duodenal ulcer with 
amoxycillin 500 mg t.d.s., metronidazole 200 mg t.d.s. or 400 mg t.d.s. (for a 
period of 1 week) or amoxycillin 500 mg t.d.s. and metronidazole 400 mg t.d.s. 
with CBS for 4 weeks. The most effective treatment among these regimens was 
CBS and metronidazole 400 mg t.d. s. and with this we obtained 80 % eradication. 
A lower dose of metronidazole 200 mg t. d. s. for 1 week and amoxycillin on its own 
did not give any extra benefit over CBS alone. The addition of amoxycillin to 
metronidazole did not improve eradication rates. When we reexamined the 
patients to see why our dual therapy with metronidazole and CBS was 
unsuccessful in eradicating the organism we found that some of the organisms had 
developed resistance to metronidizole. Of 29 isolates examined two already had 
resistance prior to commencing treatment. Following treatment a further seven 
resistant pairs were discovered (Fig. 1). Five of these patients were treated with 
amoxycillin in addition to metronidazole. The isolates were still sensitive to 

29 patients 7 patients 
100 ,-------------------------------------------------~ 

80 +-----

60 +----

40 +----

20 +----
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BEFORE TREATMENT 
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AFTER TREATMENT 

~~~ Resistant 

Fig. 1. Development of resistance to metronidazole with treatment 
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amoxycillin following treatment but had developed resistance to metronidizole. 
The addition of amoxycillin did not prevent development of the emergence of 
resistant strains. 

We did not encounter any antibiotic toxicity. The 74 % H. pylori eradication 
rates in our study are comparable with the results achieved by Borsch et al. [23,24] 
who in a pilot study of peptic ulcer patients with H. pylori-positive gastritis used a 
2-weekcombination of bismuth subsalicytate 600 mg t.i.d., metronidazole 500 mg 
t.i.d. and amoxycillin 500 mg t.i.d. and achieved 90% eradication 4 weeks after 
completion of treatment. H2 antagonists were used by some of the patients in 
combination with the above regimen. No antibiotic toxicity was reported. 

Resistance to tinidazole has already been reported, however, it was suggested 
that the combination of CBS with tinidazole would prevent the emergence of 
resistant strains - clearly this is not our experience. We feel that this is a most 
important aspect in the management of patients with peptic ulcer. We would 
suggest that H. pylori infection should be treated as we would treat other 
infections and that sensitivity should be evaluated before and after treatment. 
H. pylori is a slowly growing organism that presents difficulties in using 
conventional antibiotic disc diffusion tests to assess sensitivity to antibiotics and 
MIC assay (incorporating drugs in the agar plates), is the most accurate way of 
assessing sensitivity. 

Triple Therapy 

It may be that triple therapy may be indicated if another effective antibiotic drug is 
found in vivo. Metronidazole has some inherent advantages as its activity is not 
dependent on pH, it appears to be secreted into the gastric juices where it is able to 
get access to bacteria deep in the gastric pits [25]. Borody et al. [8] have found a 
combination of tetracycline and metronidazole and colloidal bismuth subcitrate 
to be the most effective method of eradicating H. pylori. This combination needs 
to be tested in larger groups of patients. However, they did use large doses of 
antibiotics and experienced some serious side effects. Two of their patients 
developed Clostridium difficile induced colitis. Increasing the complexity of 
treatment increases the risk of side effects. 

Data on 38 patients whom we treated with a combination of antibiotics and 
CBS and rendered H. pylori negative following treatment are now available. At 
the end of 1 year 20 of these patients remain H. pylori negative and none of them 
has developed ulcers, 17 have reverted to H. pylori positive and of these 5 have 
developed duodenal ulcer and a further 7 gastritis. This suggests that the natural 
history may well be that recurrence of H. pylori first induces gastritis and this can 
go on to duodenal ulcer. The overall relapse rate of 5 out of 38 is far lower than 
what would be expected following treatment with H2 antagonists and compares 
favourably with patients maintained long term on H2 antagonists. There was a 
40 % reinfection rate which is higher than the experience of other units. Borody's 
experience [8] was as low as 10%, but again he was treating not only peptic ulcer 
disease, and Rauws who was treating gastritis experienced no relapse rate over an 
observation period of 1 year [21]. 
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Reinfection or Recrudescence 

It is not certain if the reappearance of H. pylori is due to reinfection or 
recrudescence. There is strong evidence that H. pylori is transmitted by person to 
person contact. A Toronto study [26] suggested that siblings and parents of 
children with H. pylori-positive gastritis have far greater levels of antibody than a 
control population, suggesting interfamilial spread. It is not surprising, therefore, 
that there is reinfection as patients return to their homes following successful 
treatment. Restriction endonuclease analysis of H. pylori shows that the same 
strain can infect a family. The reappearance of the same strain would not 
necessarily mean that it is a recrudescence of the same bacteria. 

In conclusion, we feel that if patients have a H. pylori-related duodenal ulcer 
that microbiological tests should be routinely done to assess sensitivity to 
antibiotics. If reinfection occurs the organism should be cultured to ascertain if it 
has developed resistance to the antibiotics initially used. 
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and C. O'MORAIN 

Introduction 

Initial studies have suggested that eradication of Helicobacter pylori is associated 
with lower duodenal ulcer relapse rates [1, 2]. Hence there has been continued 
effort in identifying the optimum antibacterial regimen for total clearance of 
H. pylori. Even before the discovery of the association of H. pylori with 
gastroduodenal disease, bismuth had been used successfully in the treatment of 
duodenal ulcers [3]. It was thought that this effect was achieved merely by mucosal 
protection as the drug binds to gastric mucin producing a complex which adheres 
to the ulcer crater and retards hydrogen ion diffusion. H 2-receptor antagonists 
were introduced in the 1970s and were found to be equally as effective as bismuth 
in the immediate healing of duodenal ulcers. However, there was a significant 
difference in the ulcer relapse rates. Of duodenal ulcers 60 %-90 % relapsed within 
1 year when treated with H 2-receptor antagonists but only 35 %-76 % of 
duodenal ulcers treated with bismuth relapsed during this time. Bismuth was also 
found to be better than Hz-receptor antagonists in healing the associated antral 
gastritis [4,5]. Bismuth has since then been widely used in the treatment of 
duodenal ulcer. 

However, bismuth alone does not eradicate H. pylori completely which is 
necessary for reducing relapses. Various antibiotics have been used alone or in 
combination with bismuth to achieve eradication of the organism. Monotherapy 
with antimicrobial agents results in bacterial elimination rates similar to those 
obtained with bismuth compounds alone, and the chances of development of drug 
resistance are higher with monotherapy [6]. The elimination rates are nigher with 
combination therapy (up to 94 %). The efficacy of such a regimen in healing the 
ulcer is the same as with bismuth alone, but the relapse rate is lower. 

The choice of antibacterial agents to be used in combination with bismuth is still 
unclear. Although nitroimidazoles are only moderately active against H. pylori in 
vitro, [7] they have proved to be the most successful adjuvants to bismuth in 
eradication of the organism and in ulcer healing. A few strains are naturally 
resistant to metronidazole [8]. Further more, when drug therapy consists of 
nitro imidazole alone or in combination with Hz-receptor antagonists, strains of 
H. pylori are found to acquire drug resistance [9]. Combination ofnitroimidazoles 
and bismuth are believed to prevent emergence of resistance [9]. Amoxycillin has 
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also been found to be effective against H. pylori in vivo. Monotherapy with this 
agent has been associated with up to 91 % clearance rates [7]. 

This study looks at the effects of various treatment regimens in eradicating 
H. pylori and healing duodenal ulcer and the associated gastritis. The suscepti
bility of H. pylori to metronidazole and amoxycillin before and after treatment 
was also assessed. 

Methods 

Patients 

Ninety-eight patients with endoscopically diagnosed duodenal ulcers, histological 
antral gastritis and evidence of H. pylori infection were included in this study. 
Patients who had been on H 2-receptor antagonists, bismuth preparations, 
antibiotics, corticosteroids or nonsteroidal antiinflammatory drugs during the 
preceding month were excluded from the study. 

The patients were allocated into four treatment groups. All received colloidal 
bismuth subcitrate (CBS) 120 mg four times a day for 4 weeks. In addition, 
patients in 

• Group 1 had amoxycillin 500 mg thrice daily for the first week 
• Group 2 had metronidazole 200 mg thrice daily for the first week 
• Group 3 had metronidazole 400 mg thrice daily for the first week 
• Group 4 had metronidazole 400 mg and amoxycillin 500 mg thrice daily for the 

first week 

Patients were advised to take bismuth 30 min before meals and the antibacterial 
drug with food. Compliance was monitored using tablet counts. 

Two antral biopsy specimens were taken from each patient during the initial 
endoscopy before treatment and 4 weeks after completion of treatment. One 
biopsy specimen was processed for histological examination while the other was 
sent for microbiological examination. 

Histology 

Specimens were fixed immediatley in 10% buffered formalin and transported to 
the laboratory where they were embedded in paraffin, sectioned and stained with 
haematoxylin and eosin. Gastritis was graded according to the classification 
proposed by Warren and Marshall: grade 0, normal epithelium with no in
flammatory cell infiltration; grade 1, mild round cell infiltration; grade 2, massive 
round cell infiltration with or without polymorphs but without epithelial 
migration or destruction; and grade 3, polymorph infiltration of epithelial layers 
with or without glandular destruction. Grades 2 and 3 were regarded as positive 
for gastritis. 
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Microbiology 

The biopsy specimen was transported to the laboratory in nutrient broth and 
cultured as described earlier. A smear stained by Gram stain was also examined 
for Helicobacter-like organisms. 

Minimum inhibitory concentration (MIC) 

Isolates from 29 patients in groups 3 and 4 were tested for their susceptibility to 
metronidazole and amoxycillin. 

Susceptibility to metronidazole was assessed using a minimum inhibitory 
concentration (MIC) assay and disc diffusion tests. Disc diffusion was done with 
5-mg discs on chocolate agar. A zone of inhibition 2 cm or more in diameter was 
considered indicative of sensitivity to the drug. 

Metronidazole (Sigma) powder was diluted serially in distilled water. These 
dilutions were mixed at 45°-50°C with sterile brain-heart infusion agar contain
ing 10% horse blood to obtain concentrations of 32 mg/l, 16 mg/l, 8 mg/l, 4 mg/l, 
2 mg/l, 1 mg/l and 0.5 mg/l. The agar was then poured onto the plates (about 
20 ml/plate) and allowed to set. Plates were used within 1 week of preparation. 

Isolates for sensitivity testing were suspended in nutrient broth to obtain a faint 
turbidity (approximately 106 -107 colony forming units/ml). Twentyfive different 
strains were inoculated on one plate using a mUltipoint inoculator. Tests were 
done in triplicate. Brain-heart infusion agar with 10% horse blood but without 
any antibiotics was used as control. Plates were incubated and read after 48 and 
72 h of incubation for the presence or absence of growth. 

Amoxycillin sensitivity was tested using 10 mg amoxycillin discs. A zone of 
inhibition 5 mm or more in diameter was considered to indicate sensitivity to the 
drug. 

Data Analysis 

Results from the above study were analysed using the chi-squared and Fischer's 
exact tests. 

In addition to the isolates from the patients in this study, a few isolates obtained 
after 1 January, 1989 were also tested. The sensitivity patterns of these isolates 
were compared with those of isolates obtained prior to this date. 

Results 

Sixty (65 %) of the 98 patients in this study had H. pylori eradicated after 
treatment with CBS in combination with metronidazole, with or without 
additional amoxycillin (Table 1). A clearance rate of 57 % was achieved with 
bismuth in combination with 200 mg metronidazole while bismuth with amoxy
cillin achieved 50 % clearance. Bismuth in combination with 400 mg metronida
zole eradicated H. pylori in 73 % of patients. The addition of amoxycillin to this 
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Table 1. Eradication of H. pylori from gastric antrum with treatment 

Group 

CBS + Amox 
CBS + M200 
CBS + M400 
CBS + M 400 + Amox 

Patients 
n 

18 
23 
26 
31 

Eradicated 
n (%) 

9(50) 
13(57) 
19(73) 
23(74) 

E. Mathai et al. 

Not eradicated 
n (%) 

9(50) 
10(43) 
7(27) 
8(26) 

CBS, colloidal bismuth subcitrate; Amox, amoxycillin; M 200, metronidazole 200 mg; M 400, 
metronidazole 400 mg 

regimen did not improve the eradication rate. There was no statistical difference 
between the groups. 

Ulcer healing rates observed with the different combinations of drugs are listed 
in Table 2. About 85 % of ulcers were healed 4 weeks after treatment with bismuth 
and 400 mg metronidazole with or without additional amoxycillin. There was no 
statistical difference between the different groups. 

Table 2. Duodenal ulcer healing 4 weeks after completion of therapy 

Group Patients Healed Not healed 
n n (%) n (%) 

CBS + Amox 18 14(78) 4(22) 
CBS+M200 23 14(61) 9(39) 
CBS+M400 26 22(85) 4(15) 
CBS + M 400 + Amox 31 26(84) 5(16) 

Abbreviations as in Table 1 

Treatment with bismuth in combination with 400 mg metronidazole with or 
without amoxycillin achieved healing in 70 % of antral gastritis (Table 3). Bismuth 
with 200 mg metronidazole healed only 52 % of antral gastritis. However, this 
difference was not statistically significant. 

Table 3. Effect of therapy on antral gastritis 

Group 

CBS + Amox 
CBS + M200 
CBS + M400 
CBS + M 400 + Amox 

Abbreviations as in Table 1 

Patients 
n 

18 
23 
26 
31 

Healed 
n (%) 

11(61) 
12(52) 
18(69) 
22(71) 

Not healed 
n (%) 

7(39) 
11(48) 
8(31) 
9(29) 
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Table 4. Development of resistance to metronidazole with treatment 

Treatment 

Before 
After 

Tested 
n 

29 
7 

Sensitive 
n (%) 

27(93) 
1(13) 

Resistant 
n (%) 

2(7) 
6(87) 

399 

Of the isolates 93 % were sensitive to metronidazole before treatment (Table 4). 
However six of the seven isolates obtained after treatment with this drug were 
resistant to the drug. Four of the six resistant isolates had acquired resistance 
during treatment. 

All 30 isolates tested were sensitive to amoxycillin before treatment. Two 
isolates which persisted after treatment with amoxycillin remained sensitive to this 
drug. One of these isolates from a patient who had received metronidazole also 
had acquired resistance to metronidazole. 

The sensitivity of the isolates from 1989 to metronidazole and that of the 
isolates before this year were compared. Of 30 isolates prior to 1989, 26 (87%) 
were sensitive to metronidazole compared with 24/41 (59%) in 1989. 

Discussion 

In this study the groups on metronidazole 400 mg thrice daily in combination with 
CBS achieved best rates for ulcer healing, healing of antral gastritis and 
eradication of H. pylori. While CBS 120 mg four times daily is as effective as 
240 mg twice daily in healing of duodenal ulcers, H. pylori eradication is 
significantly better with the former. Hence all patients in this study received 
bismuth 120 mg four times daily. Bismuth was used for 4 weeks only as studies 
have shown no benefit in prolonging treatment beyond this period. Borsch et al. 
[10] used three drugs for 2 weeks while Borody et al. [11] used two drugs for 
4 weeks and metronidazole for 10 days. There were slightly better clearance rates 
with these regimens but the toxic effects were greater when compared with the 
two-drug therapy. 

To some extent the response was dose dependent in this study. Indices of healing 
were better in patients treated with metronidazole 400 mg thrice daily than in 
those treated with 200 mg thrice daily. The efficacy of the latter regimen is 
equivalent to that of bismuth and amoxycillin. There appears to be no additional 
benefit in using amoxycillin along with bismuth and metronidazole 400 mg thrice 
daily. However, four strains which persisted with triple therapy were seen only in 
smear and could not be grown on culture. Healing of duodenal ulcers and antral 
gastritis correlated with eradication of H. pylori. 

The development of resistance of H. pylori has been reported before. Bayerdorf
fer et al. [6] observed resistance to oflaxacin in isolates from patients treated with 
bismuth and oflaxacin. Resistance to tinidazole has been observed by Goodwin et 
al. [9] in strains from patients on cimetidine and tinidazole. In the above study, 
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development of resistance to metronidazole was reduced to a great extent by 
bismuth. In the present study 93 % ofthe isolates were sensitive to metronidazole 
before treatment. Of the seven persistent isolates studied, two were resistant to the 
drug before treatment while four acquired resistance during therapy. Acquired 
resistance seemed to be more common than pretreatment resistance and could be 
an important factor in the outcome of treatment. Concomitant use of bismuth or 
amoxycillin did not prevent development of resistance. One persistent isolate from 
a patient on triple drug therapy had acquired metronidazole resistance out 
remained sensitive to amoxycillin. All strains tested before treatment and the 
persistent strains which were tested from a patient on bismuth and amoxycillin 
were also sensitive to amoxycillin. Therefore, metronidazole resistance seems to be 
the major reason for the persistence of H. pylori in the group treated with 
metronidazole. Persistence with amoxycillin therapy does not seem to be related to 
resistance. Hollingworth et al. [12] found that metronidazole was secreted in 
gastric mucus while amoxycillin was not. They postulated that those antibiotics 
not secreted in mucus are active only topically resulting in high but transient 
clearance of H. pylori with the organisms persisting in the pits. This could explain 
the persistence of positive strains even after treatment. 

Anti-H. pylori treatment is justifiable in patients with duodenal ulcers since 
eradication of the organism correlated well with healing of antral gastritis and 
duodenal ulcers. Testing sensitivity of the organism before treatment and in 
treatment failure will facilitate proper management in that metronidazole, a drug 
that is not well tolerated, can be avoided in resistant cases. However, it is necessary 
to search for other agents capable of completely eradicating H. pylori. 

Comparison of resistance patterns over the years shows an increase in resistance 
to metronidazole. This may reflect the increased use of this drug such as in the 
treatment of gastroduodenal abnormalities. The means of acquiring resistance are 
not clear. Goodwin et al. found that resistant strains of H. pylori are present in 
almost all populations; these are selected out by exposure to metronidazole, and 
then the search for another appropriate antibacterial agent is undertaken. 

In conclusion, treatment with CBS and metronidazole 400 mg thrice daily 
results in 74% clearance of H. pylori at the end of 4 weeks after completion of 
treatment. The addition of amoxycillin to this regimen does not improve the 
results. H. pylori eradication correlates well with the healing of duodenal ulcer and 
gastritis. The results of therapy with bismuth with lower doses of metronidazole 
are comparable to those using a combination of bismuth and amoxycillin. 
Resistance to metronidazole develops even with combination therapy. Resistance 
to metronidazole is the main reason for treatment failure with this drug. Lack of 
response to amoxycillin is not due to the development of resistance. There is 
increasing resistance to metronidazole in H. pylori treatment probably due to the 
increasingly widespread use of this drug. 
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H, When, and How to Treat Children? 

S. CADRANEL 

Introduction 

In 1986, the first cases of Helicobacter pylori (HP) infection in children were 
published [1,2] and followed by other reports from several authors [3-5], stressing 
the similitude of findings in pediatric and adult patients. Secondary ulcers are not 
uncommon in children whereas primary ulcers are infrequent [6]; on the other 
hand, in this age group, secondary gastritis, due to a known precipitating cause, is 
often clinically diagnosed but rarely fully documented whereas primary gastritis is 
most often underdiagnosed. The availability of adapted miniaturized endoscopes 
has led pediatric gastroenterologists to give more attention to the possibility of 
gastric lesions in children complaining of chronic abdominal pain, a very common 
complaint in childhood. More and more pediatricians are becoming aware of the 
possible role of chronic gastritis as a cause of symptoms in recurrent abdominal 
pain and, as a matter of consequence, of the possible role of HP in childhood. 
Information is now being gathered about the incidence of HP in the pediatric 
population in various parts of the world. Because children are seldom exposed to 
the harmful effects of alcohol, tobacco, or other aggressive factors commonly 
encountered in adult life, the occurrence of HP infection in childhood, and its 
successful treatment, might help to better understand the role of this microorgan
ism as a pathogen in the gastric mucosa. 

Clinical Features 

Symptoms 

Similarly to findings in adults, a strong correlation between primary ulcer or 
gastritis and the presence of HP has also been found in the first reports of HP 
infection in children [1-4]. Four larger series have been reported in the literature, 
from Canada [7], Belgium [8], England [9], and Italy [10], in which the authors 
have conducted a prospective systematic detection of HP in all children 
undergoing an upper GI endoscopy or analysed the data retrospectively. The 
clinical features of these four series are summarized in Table 1. It is difficult to 
make a comparison between them because the indications may vary according to 
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Table 1. Symptoms in children with HP infection 

Drumm Cadranel Mahony Oderda 
et al. et al. et al. et al. 
1987 [7] 1988 [8] 1988 [9] 1989 [10] 

No. of patients 71 114 111 42 
Data available 67 114 38 42 
Type of study Prospective, Prospective, Retrospective, Prospective, 

unselected unselected unselected selected 

Indications for endoscopy 
Recurrent abdominal 
pain 39 26 19 15 
Vomiting and GER 23 27 16 
Hematemesis, anemia 
or occult blood 18 2 
Peptic history 11 18 
Esophagitis 9 9 
Dysphagia 7 
Crohn's disease 7 3 
Varia 31 

Symptoms in HP+ 12 43 9 42 
Epigastric pain 7 19 7 16 
Vomiting 7 1 7 
Nausea or dysphagia 5 2 
Anorexia 1 
Hematemesis 2 1 
(or anemia) 
Peptic disease 
(or follow-up) 5 3 
Asymptomatic ? 7 ? ? 

local medical attitudes and there is not a clear-cut separation between indications 
for endoscopy, symptoms, and findings. However, epigastric pain seems to be one 
of the most frequent clinical symptom found in 38 % - 78 % of the HP-positive 
patients according to the series. 

Age 

The different larger prospective series generally include infants aged less than 1 
year to adolescents. In our series, the HP-positive patients range from 2 to 16 
years, with nine additional older patients included because they were still being 
followed up for chronic diseases initiated in infancy (Table 2). The most numerous 
are to be found in the 9-16 year age group though as many as 15 children under 
the age of 5 were positive for HP. 

Table 2. Age of HP-Positive Children 

Years of age 
No. of patients 

0-5 
15 

6-10 
27 

10-16 
52 

>16 
9 
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Ethnic Origins 

The ethnic origin of the patients in our own series is given in Table 3. More than 
one-half of our HP-positive children are of Moroccan origin and the incidence of 
HP infection was as high as 57 % in Moroccan children investigated. The same 
proportion is found in children of Turkish and Yugoslav origins. These are 
children from low social class background and their parents are first generation 
immigrants. The Bantu children, on the contrary, come from a different social 
environment, their parents being usually Zairese students, fellows of different 
Belgian universities. However, the incidence ofHP infection seems to be glso very 
high in this population. Therefore, there is a high incidence of 58 % of HP 
infection in symptomatic children living in Belgium and whose parents come from 
three different regions of the world, contrasting with an incidence of only 24 % in 
symptomatic children of Western European parents. 

Table 3. Ethnic origins of HP-positive children 

HP+ (%) Endoscopy CP+ 
(n) (n) (%) 

Moroccans 57 55 100 57 
Belgians 23 
Italians 2 27 191 14 
Portuguese 2 
Turkish 8 10 17 58 
Yugoslavs 2 
Latin Americans 1 

Bantus 7 7 12 58 
102 100 321 

Endoscopic Findings 

Ulcers 

Primary ulcers are infrequent in childhood compared with in adulthood; however, 
the long-term prognosis of patients with peptic ulcers beginning in their teens is 
not favorable and progression towards chronic relapsing peptic disease in 
adulthood is noted in a large proportion of them [11]. The same association 
between primary ulcers and HP occurs in children as in adults [9, 10, 12, 13]. In our 
own series, during the last 4 years, seven teenagers, six boys and one girl aged 11-
19 years, were diagnosed with a duodenal ulcer and all of them had a HP-positive 
culture of antral, fundic (and in five cases duodenal) biopsy. Furthermore, eight 
additional children, four boys and four girls, aged 4-18 years investigated 
previously for HP-associated gastritis developed small shallow ulcerations in the 
antrum or the duodenal bulb: in all cases HP was cultured from antral biopsies. 
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Micronodular Gastritis 

In all the pediatric series already mentioned, ulcers are less frequent than gastritis, 
which is documented by histologic studies. Is there a particular endoscopic pattern 
predictive ofHP infection? Our first report in 1986 [2] insisted on a micronodular 
aspect of the antrum. It is referred to as "antral nodularity", "antral micronodular 
pattern," "nodular antritis," "lymphoid nodular hyperplasia" or "nodular antral 
gastritis" in several reports [3,8, 10, 14]. 

Endoscopically Normal Mucosa 

In our previous series [8], a normal aspect ofthe antrum was found in only five HP
positive children, though only one of these mucosae was histologically normal. 
The same coincidence of normal endoscopy with abnormal pathology has been 
widely reported in adults but also in children [3, 14, 15] and stresses the need of 
systematic biopsies [9]. 

Epidemiology 

Little is known about the source and spread of HP. Most authors reporting 
pediatric cases of HP infection whether associated with primary ulcers or primary 
gastritis usually report the high incidence of a family history of peptic diseases [8, 
10]. How often do we find a HP infection in the family contacts of these children? 
How often are they symptomatic? What is the incidence of HP infection in the 
pediatric age group? As systematic endoscopy is not an acceptable method for 
epidemiologic studies, data rely mostly on serologic studies or on labelled 14C_ or 
13C-urea breath tests. 

Mahony showed, in an endoscopically validated study [16], that there was a 
good correlation between IgG antibodies to HP and endoscopic findings. Similar 
results were obtained by Thomas et al. [17]. From the same group, using a 
serological method, the prevalence rate of HP infection was estimated, in 361 
Gambian children, to be 14 % of children under the age of 20 months, rising to 
46 % in those up to 60 months of age. The prevalence rate of HP infection was 
53 % in 77 children less than 3 years of age with chronic diarrhea and malnutrition, 
significantly more frequent than in age-matched healthy controls (26%). In a 
mass screening of 1000 sera from France, Algeria, Ivory Coast, and Vietnam, 
Megraud et al. [18] showed evidence for a worldwide distribution ofHP infection 
and a high prevalence in developing countries where 50 % of the population was 
HP-positive by the age of 10 years, rising to 75% from the third decade on. The 

. same high prevalence was found in Peruvian children by Klein et al. [19] using a 
13C-urea breath test: 54% of children aged 1-10years and 90 of parents from low 
income families were HP-positive contrasting with "only" 30% of children and 
78 % of parents from high income families. 

The results of the screening of the families of our HP-positive gastritis children 
are given in· Table 4: 90% of the fathers and 80% of the mothers, whether 
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Table 4. 14C-urea breath test (UBT) in families of children with HP gastritis 

Fathers Mothers Siblings 

Total no. 35 38 102 
Symptomatic 19 15 19 
Asymptomatic 16 23 83 
14C-UBT positive 19 14 13 14 16 15' 

negative 0 2 0 6 0 5 
Not done 2 3 3 63 b 

, 10> 15 years old 
b 32> 15 years old 

symptomatic or not, had a pOSItIve 14C-urea breath test, meaning that the 
incidence of HP-infection was, indeed, very high in this population. The same was 
true for young adult siblings in which the test was performed. Though our 
modified technique (1 IlCi) delivers a very low radiation, it is not a suitable 
technique for epidemiologic investigation in asymptomatic children. Therefore, 
we are currently investigating the prevalence rate of HP infection in "healthy" 
schoolchildren using a 13C-urea breath test. 

Treatment 

Attempts of eradication of HP in adults have often been hampered by a high rate 
of recolonization. In a very well-designed study from Amsterdam, Rauws et al. 
[20] showed that HP did not disappear spontaneously from the gastric mucosa. 
Treatment with amoxycillin, colloidal bismuth subcitrate, or the combination of 
both drugs was effective in eradicating HP from 68 %, 45 %, and 90 % respectively 
of patients with non ulcer dyspepsia. Recolonization with the same bacterial 
subtype was frequent during the first month after the discontinuation of the 
therapy. Almost every pediatric group has been trying to eradicate HP either with 
amoxycillin alone [10, 21, 22], or with colloidal bismuth subcitrate alone [13], or a 
combination of both [13, 21] or a combination of amoxycillin with tinidazole [22], 
or, in our own series, with metronidazole. A tri-therapy has not yet been reported. 
As a matter offact, it is very difficult, at the present moment, to compare all these 
studies, since the drugs, their combination, the doses, and the regimens used vary 
greatly. Besides, long-term follow-up is currently not available in these pediatric 
series. 

Because of the alledged toxicity of bismuth compounds, some concern about its 
use in children has arisen in several countries. However, the symptoms occurred 
mainly in diarrheic children treated with bismuth subnitrate and were due to the 
transformation of nitrate into nitrite and not to the bismuth itself or following 
prolonged use of oral bismuth subgallate; encephalopathy was associated with 
elevated levels (> 100 Ilg/l) of bismuthemia. 

We have been treating a series of22 children with 50 mg/kg/day amoxycillin for 
1 week and 7-8mg/kg/day colloidal bismuth subcitrate for 1 month. Disap-
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pearance of HP occurred in only 50 % of the cases but compliance was very poor. 
The levels of bismuthemia were under 20 Ilgjl in all of them except in three in 
whom they ranged between 25 and 28 Ilgjl and in one, who had been taking 
erroneously a double dose and in whom bismuthemia reached 50 Ilgjl. The results 
are reported in the poster session of the present symposium. 

Currently we are treating for shorter periods of 2 weeks with a combination of 
amoxycillin (50 mgjkgjday) and metronidazole (20 mgjkgjday) and the prelimi
nary results in 20 children show a very high clearing rate after 1 month (80 %). The 
relapse rate is not yet known but could be reduced by repeating short periods of 1 
week treatment every 3 months. Low socioeconomic background, rapid relief of 
painful symptoms together with the reluctance of undergoing frequent endoscopic 
reevaluations are, in our opinion, the main reasons for this noncompliance. 
Practical details such as palatability, side effects, and number of doses play also a 
role: for instance, many children complained about the bad taste of the colloidal 
bismuth subcitrate solution or about the difficulty of taking their antibiotic 
medication as a fluid solution while attending school or about nausea following 
ingestion of metronidazole. In order to avoid constant recontamination from 
family contacts an attempt aimed at eradication of HP in children, designed as a 
simultaneous treatment of all the members of the family, is currently under study 
in our unit. 

Conclusion 

There is now proof that HP is associated with gastric antral lesions in the child. 
Therefore, it seems reasonable to undertake a therapeutic trial only in those 
children with symptomatic complaints (or with positive endoscopic findings). 
What is the most appropriate therapy in symptomatic children? Collaborative 
multicentric therapeutic trials are now planned in different centers throughout 
Europe, Asia, and Africa in order to enrole an important number of pediatric 
cases over a short period with different drugs and combinations of drugs. In any 
case attempts aimed at eradication of HP should always be completed by a 
thorough investigation about the HP-infection status of other members of the 
family in order to evaluate the possibility of continuous reinfection. Bi-therapy 
seems sufficient to obtain clearing of the microorganism and repeated short 
periods (1 to 2 weeks) of treatment could be better accepted by the child and the 
family and probably yield as good results as longer tedious treatments for which 
the compliance is often so poor. 

Is eradication of asymptomatic children a necessity? In other words should we 
try so hard to eradicate HP from these patients or does a symbiotic adaptation 
occur when infection is acquired early in life? Answering these questions is a 
stimulating challenge for epidemiologists and pediatric gastroenterologists. 
Epidemiology of HP infection in the pediatric population might probably be a 
most rewarding task for the understanding of the role of this common 
microorganism living in the stomach of (probably) more than one-half of the 
pediatric population in the developing world, without overt symptoms. 
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Bismuth - From the Element to the Tablet: 
The General Chemistry of Bismuth with Relevance 
to Pharmacy and Medicine * 
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Introduction 

There is now considerable evidence accumulating which links Helicobacter pylori 
(H. pylori) etiologically to histological gastritis [18,21], and the strength of its 
close association with duodenal ulcer disease is beyond all doubt [9,3]. Moreover, 
bismuth compounds, which are apparently biologically active in the treatment of 
H. pylori, are much more effective in preventing post-treatment relapse of 
duodenal ulcer disease than are other agents such as cimetidine which lack this 
bismuth-related bactericidal activity [19, 12]. 

There has been renewed interest in the chemical and physical structures of 
bismuth compounds in the light of their antimicrobial-related biological activities, 
especially in the treatment of H. pylori, and the relation of these to the 
gastroduodenal physiology of bismuth salts, which were first described in the 15th 
century (G. Agricola) and have been used ever since. It thus seems relevant to 
review some important new discoveries about bismuth salts and their chemistry in 
the solid state as well as in solution, and to inquire whether between there is any 
detailed structural relation between their pharmacodynamic relevance in the 
treatment of H. pylori infection and their gastroduodenal physiology. Other 
important points are intimately related to the solubility, aggregation, gelation, 
flocculation, and coagulation of bismuth salts and to the enhanced surface 
activities of bismuth gels with regard to the adhesion of microorganisms, the way 
in which they attract pharamcodynamically active low molecular weight com
pounds, and their interaction with biological entities, e.g., membranes, mucosa, 
and gastric parietal cells. 

So far, bismuth molecules in the solid state and in solution as cationic, anionic, 
or neutral complexes exist entirely within the realm of the observable, whereas 
molecular models of these particular bismuth compounds represent the ap
pearance of molecular behavior at some selected level of abstraction with regard 
to precipitation, the binding of protein molecules, and shielding of biological 
membranes or external surfaces of cells. The "metaphorical" molecular shape and 
appearance of bismuth salts in the context of their biochemical and medicinal 
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activities does work amazingly well considering the complexity of the chemical 
structures, e.g., their stereochemistry in the presence of organic enantiomeric 
ligands. 

Chemistry 

Bismuth naturally occurs as Bi2S3 associated with the sulfide ores oflead, copper, 
and tin(lV) oxide. It is known that bismuth(III) oxide (Bi20 3) is a very strong 
oxidizing agent (Bi ¢ BP + + 3 e -; Eo = - 0.277 V). In contrast to antimony(III) 
compounds, for bismuth it can be said that there is an extensive true cationic 
chemistry, which includes solid bismuth(III) compounds with inorganic ligands. 
However, some organic ligands, e.g., citrate, malate, tartrate, and their enanti
omeric counter parts (S-or R-citrate, S- or R-Iactate) do form stable anionic 
complexes in the solid state as well as in solution [24,28]. Unlike the inorganic 
bismuth(lII) salts, which are scarcely soluble in aqueous solutions between pH 1.0 
and pH 7.0, the complex structures ofbismuth(III) salts with organic ligands, e. g., 
the so-called colloidal bismuth subcitrate [38], are readily soluble in aqueous 
solutions of neutral pH. However, in acid medium, most of the organic bidentate 
or multidentate complexes of bismuth (III) precipitate (pH < 5.0), leading to the 
formation of discernible insoluble bismuth complexes, the most important of 
which is BiOCI, bismuth(III) oxychloride. 

Aqueous solutions of bismuth(III) contain well-defined hydrated cations, but 
there is no experimental evidence so far for the existence of a single aqua ion, 
designated Bi (H20)~ + as is normally known for other cations, especially for the 
alkaline and alkaline earth cations, e.g., Na + K +, Mg+, Ca2 +, and the transition 
metal ions, e.g., Co2 +, Zn2 +, and Fe2 +, all of which are so important for many 
biochemical regulations including ion pumps, allosteric enzymes, and proton 
motive forces for synthesizing ATP (H+ -ATPase). In neutral perchlorate 
solutions, the main species is [Bi60 6]6 + or its hydrated form, [Bi6 (OH) 12]6 +, 
although the amount of [Bi6 (OH) 12]6 + is expected to be negligible in fairly acidic 
solutions of low Bi3+ concentrations [16,1]. Moreover, the ultracentrifugation 
studies by Holmberg et al., [11], which explored the hydrolytic behavior of the 
BP + ion in aqueous perchloric acid solution, discovered a mono disperse polymer. 
These polymeric complexes, which the authors designated (Bi-O)~+ where n is 
probably six, are stable over a wide range of acidities and Bi3+ concentrations, 
including those pH ranges which are relevant for the stomach. In earlier 
investigations, Graner and Sillen [10] interpreted their data in terms of a successive 
formation of polymeric particles having the general formula [BinOn- tln+ 2, where 
the average degree of polymerisation n rapidly increases with bismuth con
centration and pH. However, Olin [22] provided evidence using potentiometric 
techniques that [Bi6(OH)d6+, i.e., hydrated [Bi606]6+, is the only polymeric 
species present. This is consistent with the results of the ultracentrifugation studies 
by Holmberg et al. [11]. Since these results indicated a fairly mono disperse 
polymeric species containing heavy bismuth atoms, presumably in a compact, 
regular arrangement, Levy et al. [16] used x-ray diffraction to investigate this 
bismuth(III) polymer in aqueous solution. They disclosed the octahedral geome-
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try and presence of this polymeric species. This is also consistent with the 
vibrational spectrum of[Bi6 (OH)d6+ reported by Maroni and Spiro [17]. The 
spectral features are satisfactorily interpreted as arising from the normal modes of 
cub octahedral cage. In addition, using a normal coordinate analysis the authors 
disclosed Bi - Bi bonding to which they attribute the low-frequency Raman 
bands, i.e., the vibration of the cage. 

In the solid state, bismuthoxy halides, nitrates, and hydro sulfates (BiOX; 
X = CI, Br, N03 , HS04) form large cationic polyelectrolytes with positive 
charges partly on the oxygen atoms and bismuth atoms. The crystal structures of 
these BiOX compounds (Fig. 1) in their dehydrated state are true two-layer 
structures. The molecular structure of the hydrated BiON03 form, which is a 
tetraoxotetrahydroxo bismuth(III) nitrate monohydrate, [Bi60 4 (HO)4] (N03)6 
. H 20 as determined by Sundvall [35], crystallizes in the monoclinic space 
group P2 1/c (no. 14) with cell dimensions of a = 9.289 (2), b = 13.462 (4), and 
c= 19.527(5) A, {3= 114.13(2t with four molecules in the unit cell. Lazarini 
(1979), however, determined cell dimensions of the same compound as 
a = 9.313 (2), b = 13.514 (7), c = 19.575 (5) A,{3 = 114.12° with four molecules in 
the unit cell; very similar values were determined by Paradies et al. [25]. In the 
polycation of this particular structure, the six bismuth atoms are located at the 
corners of an octahedron with the 0 atoms and OH groups above the corner of the 
octahedral faces. Each oxygen atom of the hydroxyl groups has three bismuth 
neighbors which are arranged pyramidally at a longer distance, while the 

d 

C =Me 0=0 
Me = Metal x = Halogen 

Fig. 1. Layer structures of BiOX com
pounds. The bismuth compounds crystallize 
in a tetragonal unit cell. The a axis is 
situated horizontally, the c axis normal to 
the plane shown. The metal (BiH)-oxygen 
layers can be built up without any inter
calated halogen layers 
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remaining oxygen atoms are linked to three nearly coplanar bismuth atoms at a 
shorter distance. Furthermore, a N03 group and the water molecule are bound to 
two neighboring bismuth atoms (Fig. 2 and Fig. 3). The first solid hydrolysis 
product of Bi (NOh at pH 1.2, i.e., [Bi60 4 (OH)4](N0 3)6 . 4H20, contains 
polycations which seem to be the product of intramolecular condensation of the 
[Bi6(OH)u]6+ ions present in aqueous solutions of basic bismuth salts. How
ever, at pH values between 1.2 and 3.5, another hydrolysis product, 
[Bi60s (OHhHN03)s, can be observed. According to the crystal structure, it 
contains polycations in which pairs of[Bi60s (OHhP+ groups are joined by two . '. , 

Fig. 2. Solid state structure of bismuth oxynitrate 

!:'t<l-- Bismuth 

Oxygen 

Fig. 3. Model of hy
drated bismuth(III) oxy 
compounds in acidic 
solution, similar to the 
cubotahedral structure 
of [Bi6(OH)d6 + 
according to Levy et 
al. [16] 



Bismuth ~ From the Element of the Tablet: The General Chemistry of Bismuth 413 

bridging oxygen atoms. The solid state structure and the unit cell volume of 
[Bi6 (HzO) (NO 3)04] (N03h, which is smaller than that of [Bi60 4 (OH)4] 
(N03)6 ·4HzO, is a consequence of much shorter distances between the 
polycations and NO;- anions or water molecules. The geometry of the 
Bi60 4 (OH)4 part of the polycation is very close to that found for the 
[Bi60 4 (OH)4]6 + polycation or to the [Bi60s (OHhP + polycation. 

Furthermore, the occurrence of the [Bi60 4(HO)4]6+ ion in two different basic 
bismuth(III) salts indicates that this complex is also present in hydrolyzed 
solution. This is consistent with the results we obtained very recently [29] 
and the results obtained by Sundvall [36] using a x-ray diffraction study 
of a hexanuclear complex ofbismuth(III) in aqueous perchlorate solutions. These 
data are consistent with a [Bi60 4(HO)4]6+ unit in solution very similar to that 
discovered in the solid state of the hydrated nitrate or perchlorate. The refined 
value of the bismuth - bismuth distances in an assumed regular octahedral 
arrangement of bismuth is 3.69 A. The oxygen atoms are situated above 
octahedral faces of the Bi6 octahedron, and each type of oxygen is tetrahedrally 
arranged around the center of the complex. The Bi - OZ ~ and Bi - HOz ~ bond 
lengths of the bismuth(III) in solution accounts for 2.21 A and 2.37 A, respec
tively. The x-ray scattering dimers of the aqueous solutions ofbismuthoxy nitrate 
are shown in Fig. 4, as is the calculated peak shape for an idealized Bi6 octahedron 
[29]. Figure 5 shows the experimental reduced intensities, Si (S)obs in dashed lines, 
and the calculated intensity curves, Si (S)calc derived from the crystal structure of 
hydrated bismuth(III) oxynitrate. 

In addition, BiOX (Fig. 1) has coordination sites which can bind metallic 
cations, e.g., (AlOz)~ ~ or (GaOz)~ - , and nitrates, SiO;- , SizO; - quite strongly. 
This was found also in solution, where it retained the regular structure of the 
hydrated bismuth(III) cation as shown in Figs. 2 and 3. 

Two types of site can be distinguished: (i) a central one in which alkaline or 
alkaline earth cations are included, and (ii) external sites where metal cations as 
complexes can be fixed or buried. 

Particle Size Distribution of Bismuth(lII) Salts 

By using small-angle x-ray scattering techniques, quite detailed information can 
be obtained about the size and shape ofbismuth(III) salts in aqueous solutions at 
pH 1.2-3.5 in samples contaning identical independent particles [8]. Aqueous 
solutions of inorganic bismuth(III) salts containing the complex cation 
[Bi6(OH)d6+ or [Bi60 4(OH)4]6+ at pH1.2-pH3.5 were examined using the 
above-mentioned techniques and yielded the following values: radius of gyration 
of <Rg), 15.6A; molecular weight of <M), 1500; degree of smelling, 0.95; water 
content, 13.0% (w/w). However, when characteristic parameters are calculated 
from small-angle x-ray scattering data obtained from a polydispersed system, 
average values of <RgZ), <M) over the size distribution are obtained [30]. Highly 
polynuclear complexes were found for organic dentated complexes ofbismuth was 
found to have a very large size distribution between <D) = 80 -150 A. Similar 
results were obtained using inelastic light scattering techniques which yielded 
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Fig. 5. Experimental, reduced intensities Si (S)Obs (dotted lines) and the calculated intensity curves 
Si (S)calc' a, Idealized B6 octahedron, in accordance with Sundvall [36]; b based on the crystal 
structure of bismuthoxy-(S)-tartrate 

values 20% higher than those obtained by x-ray scattering techniques (Paradies 
1989, unpublished results). However, the narrow size distribution <R) of the 
bismuth(III) oxy salts at pH 1.2, their degree of hydration, molecular weight 
distribution, and size distribution, <R), imply that under the conditions used 
(25°C; fl = 0.01; pH 1.2-2.5) the [Bi60 4 (OH)4]6 + is itself one of the main species 
and similar to the species found by Sundvall [36] in concentrated bismuth(III) 
perchlorate solutions. The same is true for the basic bismuth (III) nitrate, revealing 
a molecular complex of the form Bi(N03)i (H20)lo' .. Bi (N0 3)i , as determined 
from vapor pressure osmometry and the results of x-ray scattering techniques. 
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This again corroborates the fact that no hydrated bismuth(III) ion, as is normally 
found for other cations, e.g. Cu2+, Mg2+, etc., in the form of[Bi (H 20)n]3+ exists. 

When bismuth(III) solutions are kept at pH 1.2, between 25 °C_ 30°C and in 
aqueous hydrochloric media, they develop large aggregates of molecular weights, 
approximately 9000-10000, and even the low molecular weight particles have an 
average molecular weight of 1500. This study further indicates that the particles 
contain about 10wt% water, and their shape is more an oblate ellipsoid of 
revolution having an axial ratio of 0.2-0.35. It can be assumed that these particles 
in solution follow a discontinous size distribution function, which seems to be 
mainly dependent on two parameters; one of these is associated with the large 
complex formation with time, and the other with the relative weights of the 
bismuth(III) units of which the complexes are composed. The notion that a very 
large particle exists in solution is consistent with observations of gel formation, 
ordered or unordered, and with the results light scattering measurements, which 
reveal an average particle diameter of 90-110 A. The formation of such large 
particles of bismuth(III) in solution also corroborates the results of diffusion 
measurements taken at this particular pH and obtained in a force-free measuring 
cells. More experimental work is needed to clarify the development of the 
particular precipitates and their amorphous network. This is especially true in the 
presence of biological membranes or other biological structures which are relevant 
to the mode of action ofbismuth(III) salts and the mechanism offormation of the 
larger bismuth(III) complexes at the ulcer site. 

The cause of the extreme flocculation of organic bismuth(III) salts at pH 1.2-
2.5 and at 37°C, as measured by inelastic light scattering techniques, can be 
explained on the basis that the hydrophobic groups, e.g., salicylate (benzene ring), 
tend to escape from the aqueous phase, in which the two-nuclear bismuth(III) 
complexes are dissolved or dispersed. When colloidal bismuth(III) particles 
become hydrophobic in aqueous suspensions, they flocculate very fast because the 
hydrophobic surfaces of two different particles tend to stick together. For 
instance, it is easy to demonstrate that the addition of an anionic surfactant such 
as a glycerolipid to the suspension will tend to lead to the formation of a double 
layer of the glycerolipid molecules on the inorganic bismuth(III) cluster surface. 
The second glycerolipid layer is oriented together with the phosphoryl groups 
away from the surface thus rendering the surface hydrophobic again. Such 
bismuth(III) particles will then be negatively charged by the outer layer of 
phosphoryl charges and therefore will be flocculated. 

In general it appears that before the negatively charged bismuth(III) particles 
can react with organic anions, the charge on the surface has to be reversed by 
adsorption of the polyvalent bismuth(III) ion. This reaction with biological 
anions is of course also important for bismuth(III) cations complexing with A TP, 
ADP, AMP, or cAMP. 
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Precipitation Phenomena of Bismuth(III) Salts 

Very recent findings have discerned various phenomena related to pH-dependent 
bismuth(III) precipitation and particle growth, especially at pH 1.5-3.5 [26]. 

1. Coalescence, which is the degree of ordering of bismuth(III) particles in 
solution to which these particles are bonded or grown together, especially at the 
beginning of precipitation of the sheet-like structures of BiOCI (Fig. 6). 

2. Coacervation of bismuth(III) particles, especially at pH 1.5-2.0. This means 
the formation of a liquid precipitate. Coacervation actually involves coagula
tion, however, with the further provision that the bridges between bismuth 
particles and bismuth (glycoprotein) or colloidal units are labile, so that they 
can exist in a sort of equilibrium, being formed and reestablished. In this way 
the coagulation can continue to contract its network to the greatest possible 
extent (Fig. 7). 

3. Xerogel, which is a BiOX gel where the liquid medium has been removed. The 
structure is compressed and porosity reduced to at least some degree by the 
surface tension forces as the liquid is removed (Fig. 8). 

Far From Gel Point 

Near Gel Point 

entangled primarily 

linear molecules 

Gel Point 

additional cross-links 

at junctions Fig. 6. A model of polymer 
growth and gel formation 
in an acid-catalyzed system 
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Far From Gel Point 

branched clusters 

Near Gel Point 

Gel Point 

linked clusters 

\ a 

Fig. 7. A model of polymer 
growth and gel formation in a 
base catalyzed system for 
bismuthoxy compounds 

c 

d 
I) 

Fig.8a-d. A model of bismuthoxy gel desiccation a for an acid-catalyzed gel, b for a base
catalyzed gel, c for a colloidal gel aged under conditions of high concentrations of bismuthoxy 
chloride in the presence of citrate, and d a colloidal bismuthoxy gel at basic pH. The gel is 
composed of weakly bonded particles 
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4. Aquagel, which is very similar to xerogel. The liquid has, however, been 
removed in such a way as to prevent any collapse or change in structure as the 
liquid is removed (Fig. 8). This is important for the polymeric structures 
formed when bismuth oxychloride (Fig. 1) adheres to cell membranes, the 
polymeric glycoprotein (MW 2.0±0.5 x 106), or to acinar gastric cells, or 
highly cooperative membrane structures, e.g., H + -ATPase which are sensitive 
to Ca2 +, Mg2 + and the K +, H + -ATPase of the parietal cells, which is chloride 
sensitive. 

In the context of these various forms of aggregationally related bismuth (III) 
precipitates, the aggregation naturally includes gelling. Here the particles are 
linked together in branched chains that fill the whole volume of a colloidal sol. 
This means that there is no increase in the concentration of bismuth(III) ions in 
any macroscopic region in the medium or nor is there any contact with membrane 
compartments. Instead, the overall medium becomes viscous and is then solidified 
by a coherent network ofbismuth(III) particles. By a special mechanism of action, 
this network retains the liquid and preserves the structural water content of the 
mucosa, as observed by differential scanning calorimetry (Paradies, unpublished 
results). However, coagulation occurs accordingly where bismuth(III) particles 
come together as colloidal particles, a process which naturally occurs in solution at 
pH 1.5-5.0 as shown above. Relatively close packed clumps are observed in which 
the bismuth(III) complexes are more concentrated than in the original colloidal 
sol (diameters between 400 A-800 A), so the coagulation settles as a relatively 
dense precipitate. The formation of this precipitate at acidic pH is controlled 
mainly by typical flocculation kinetics if the bismuth(III) complexes are truly 
cationic, leaving low concentrations of bismuth ions for resorption. However, the 
kinetics of anionic bismuth(III) complexes, especially in the presence of organic 
ligands, i.e., citrates, lactates, malates, or tartrates, with respect to hydration is 
different, due to different Donnan potentials. As a result quite an amount of 
bismuth can be resorbed within a certain limited Bi3 + concentration. Accordingly, 
flocculation occurs primarily where the particles are linked together by bridges 
(Figs. 6, 7), or where the concentration of the flocculating agent, i.e., at pH 1.5-
5.0, is sufficiently low in comparison with the cationic bismuth(III) complexes, so 
that the aggregated structure remains open and voluminous. So, large colloidal 
bismuth(III) particles, e.g., as sheets of BiOX [X = CI, HSO;, acetate, or 
bicarbonate (Fig. 1), though usually BiOCI at acidic pH is meant] are adsorbed on 
coated membrane surfaces and there form a visible film. This film is not, however, 
formed on the area previously exposed to small colloidal bismuth particles, which 
are invisible to the eye but detectable with x-ray photon spectroscopy [26]. 
In contrast, in a colloidal sol of bismuth(III) complexes with organic ligands, 
i.e., anionic bismuth complexes, there is a mixture of large and small particles 
of colloidal bismuth(III) and the smaller particles diffuse more rapidly to 
the membrane surface, thus excluding the slower larger colloidal bismuth(III) 
ones. 

Some of the bismuth(III) structure complexes mentioned above are formed 
during interactions when coming into contact with solid or membrane surfaces. 
However, the development, kinetics, and stability of such structures are beyond 
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the scope of this contribution [27]. Therefore, the different polymeric structures of 
bismuth(III) will be surveyed, in oder to characterize the most important features 
of the bismuth(III) polymers receiving attention with respect to gastritis, duodenal 
ulcers, and H. pylori infection. 

The Structure of The Bismuth(III) Complexes as Gels 

The structure of the cationic BiOX (X = CI, N03 , HS04 ) gels made up of anionic 
complexed bismuth(III) compounds, i.e., coordinated bismuth(III) citrate, tar
trate, malate, lactate, and especially enantiomeric pure bismuth(III) com
pounds [26], depends on the pH of the solution during hydrolysis and the 
kinetics of the condensation reactions as shown below. Base-catalyzed 
bismuth(III) compounds produce gels that are apparently granular in texture and 
retain less organic or organic-like material, e.g., citrate, tartrate, etc. However, 
bismuth(III) salts catalyzed in acidic solution react to form a sort of gel which has 
a finer, denser structure and is not particulate. This occurs especially with 
inorganic bismuth(III) salts. The influence of reaction conditions on the growth of 
bismuth(III) films is strongly dependent on the nature of the solution and the 
environment from which the precipitation occurs or starts, respectively. Nucle
ation and epitaxial effects also playa crucial role under these circumstances, as 
ellipsometry measurements of bismuth(III) films indicate (Paradies, unpublished 
results). Another reaction condition which influences the growth of bismuth(III) 
films is the degree of surface roughness. The thickness of the film formed on a 
protein surface (glycoprotein) is different from the one developed on a surface 
consisting of bismuth(III) polymer with patches of BiOX deposits (hydrated or 
not) or glycoprotein (mucosa). This results in distinct areas of the bismuth film 
being covered. These areas have different surface tensions due to their structure, as 
indicated by the results of x-ray photon spectroscopy experiments [27], 
and some changes do occur among the hydrophobic regions within this 
biofilm. These physical changes are related to biological activities, i.e., adhesion of 
microorganisms, influences on the proton motive forces, environmental pH 
changes, metabolic changes, and hence alterations in chemotaxis and chemoki
nesis, as observed and revealed by microbial induced corrosion (MIC) processes 
[5, 6, 23, 28]. The morphology of the solid phase and the amount of retained 
organic material in the cases of citrate, tartrate, or lactate have a profound effect 
on the densification behavior of the bismuth(III) gels which are subsequently 
formed. In this way it is possible to interpret the sintering kinetics of bulk bismuth 
gel and thin films and especially of the pure cationic bismuth(III) salts in structural 
terms, using x-ray diffraction and x-ray scattering studies. 

Bismuth(III) oxychloride can form a xerogel which contains large amounts of 
hydroxyl ions or, when derived from organic dentated bismuth composition, fair 
amounts of organic groups which are bound to the sheet-like network of BiOX 
(Fig. i). Instead of hydroxyl ions, NO;ions are easily bound to the network 
accordingly. This material, i.e., NO; citrate, can be difficult to remove because 
very small pores can develop the gel along the infinite sheets notes within the 
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network ofbismuth(III) gels (Fig. 7). All these gels are hydrous and have a layered 
structure; they can accordingly intercalate molecules and ions. They then develop 
ion exchange properties similar to zeolites, often with high selectivity. They have a 
wide range of catalytic properties, where even transition metal ions can be 
intercalated. The structure is very much like that of "pillared clays" in which very 
large cations or anions are intercalated to form "pillars". This leads to expanded 
layers, changing diffusion, sorption, and electrochemical potentials (Donnan's 
equilibrium). These results were obtained mainly using x-ray scattering techniques 
[27] and can be accounted for as follows: 

Acidic conditions promote the growth of comparatively linear, tightly cross
linked bismuth(III) polymers. These polymers become entangled at an early stage 
of growth, but do not form a gel until a sufficient density of cross-links has been 
formed (Fig. 6). The hydrolysis of the organic dentates of bismuth is completed 
long before condensation, but cationic inorganic bismuth(III) complexes form 
polymers of bismuth(III) lattices very fast when precipitation starts. By contrast 
under alkaline conditions, denser more heavily cross-linked clusters of 
bismuth(III) gels are formed and these do not interpenetrate (Fig. 7). Many free 
hydroxy groups persist unhydrolyzed after the gel has been point reached. 
Figure 8 shows a diagrammatic scheme of the microstructure of bismuth(III) 
dried gels. Dried gels can be produced in a variety of ways, e.g., by decreasing the 
amount of surrounding bulk water, by chelating of protons by H20 through 
forming (HjOh which is subsequently released from the network of the 
bismuth(III) gel, or by cracking the hydrated gels, which produces smaller pores 
because of increased capillary pressure. 

Although the acid-catalyzed gels are completely hydrolyzed in solution, the 
dried gels of bismuth(III) polymers contain a large number of chemically bound 
OX groups, which can be hydrated fairly well because of rehydrating during the 
drying (sintering) process of the well-hydrated mucosa surface. However, when 
the gels come into contact with biological structures or organelles, this causes a 
large weight loss, as illustrated in Fig. 9. These reactions produce new cross-links 
and seem to stiffen the structure. The shrinkage observed in acid-catalyzed and in 
alkaline-catalyzed bismuth(III) gels are different with respect to their kinetics and 
the densification of the network. When analyzing the isothermal sintering kinetics 
of the acid-catalyzed bismuth(III) gels, it was found that these kinetics are not 
linear due to changes in the viscosity of the gel. This change, which is 
approximately proportional to the viscosity, can be attributed only to a change in 
viscosity brought about by the surface energy of the gelatinous network. This does 
not undergo large variations, since neither crystallization nor growth in pore size 
was observed. Therefore, the increase in viscosity is attributed mainly two factors, 
namely loss of hydration and structural relaxation. Condensation increases the 
cross-link density, and structural relaxation increases the molecular density 
thereby creating a stiffer structure. Since the kinetics of dehydration and 
structural relaxation are not necessarily identical, these transition states of 
bismuth(III) gels can produce gels with similar after contents, but different degrees 
of relaxation. 

The fact that the precipitation of soluble bismuth(III) salts or inorganic 
bismuth(III) salts at pH 1.5-3.5 occurs with any change in molecular confor-



Bismuth - From the Element of the Tablet: The General Chemistry of Bismuth 421 

100 
COLLOIDAL GEL 

8, 

82 

- lU .. 
% 

" 
II 

IAI • I. A2 .... A2(20ac/mln.) 

10 ....... 
" ..... . 

7. 
0 %0 .. 0 50 60 30 

TEMPERATURE (oC) 
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mation with respect to [Bi60 4(HO)4]6+ or the building unit BiO+ 
(Bi60 4 (OH)4 (X- 6) is not unexpected, because no conformational change of 
BiO+ (Bi60 4 (OH)4 (X-)6) is expected, since no conformational change in BiO+ 
was observed due to hydration. For example, for the soluble [Bi60 4 (H04)4]6 + at 
pH 1.5 precipitation occurs (I = 0.1 0 M) within 1 min at 10 °C, but requires over 
400 min at 32°C. This large negative temperature coefficient is a characteristic 
feature of nucleation-controlled kinetics [37, 20]. The steady state rate of 
nucleation, r, can be expressed as 

r ~ exp [( - E + LfG+ +)j RT], 

with E = the activation energy for transport across the interface, and LfG+ + = 
the free energy required to form a nucleus of critical size, and LfG+ + = 
LfH+ + - T LfS+ + = - RTln K, with LfH+ + denoting the activation enthalpy, 
LfS+ + the corresponding entropy, and K the equilibrium constant. LfG+ + will 
vary inversely with the square of the free energy difference between a molecule 
in the homogeneous solution and in the precipitate, whereas LfS+ + and LfH+ + 
will depend on the type of bismuth(III) nucleus being formed. Lf S+ + will be at 
constant T unity, since no change in molecular conformation is achieved. 

On the basis of the x-ray results in the solid state and in solution [27] and 
assuming a cylindrically shaped nucleus comprised of rod-like molecules oflength 
I and radius R, which is consistent with the molecular conformation of the sheet
like structures ofBiOX (Fig. 1), we obtain, according to the nucleation theory [20] 

LfG+ + = 8n R4[2 (j~ (je 

(LfGn? 
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with On and oe denoting the interfacial free energies appropriate to the lateral and 
end surfaces, and L1 G n denoting the free energy of dissolution. Because Ll G n = ° at 
equilibrium dissolution temperature (~45 °c, Ts°C), precipitation cannot occur 
at this elevated temperature. By lowering the temperature, LlGn will increase 
proportionally to the undercooling (Ts °C_ Tp 0C), where Tp is the precipitation 
temperature at 37°C. This factor is the cause of the negative temperature 
coefficient of the nucleation-controlled process. Our studies of dissolution 
temperatures for BiOX salts yielded estimated Ts °C in the range of 28°C -40°C. 
This precipitation occurs at measurable rates at undercooling of the order of 
25 °C_ 30°C. These values are typical of nucleation-controlled kinetics involving 
macromolecular systems as shown by Jackson and involving macromolecular 
systems as shown by Jackson and Mandelkern [13] and for complex proteins [30]. 

However, to correlate these findings with the mechanism of formation of the 
bismuth(III) layer at the ulcer site in vivo is quite speculative at the present time. In 
in vitro studies with organic dentates of bismuth(III) compounds, e.g., tri
potassium dicitrate bismuthate, which has a pH between 9 and 10, visible 
precipitation occurred when the pH was lowered below pH 5.0, precipitation 
taking place predominantly at pH 2.5-3.0, and on lowering the pH further to 
pH 1.0, the precipitate redissolved according to the solubility constant ofBiOX.1t 
can be shown that the optimal pH range for bismuth precipitation is pH 2.5-3.0, 
similar to that for inorganic bismuth(lII) salts, which can dissolve at lower pH 
according to the equation: 

BiOX + 2H+ ¢Bi3+ + H 20 

Thus the pH of fasting gastric juice in humans is below the optimal pH for 
precipitation, which is governed by the equilibrium constant, free amino acid 
residues and carboxy groups according to their pKa of the glycoprotein hydroxy 
vesicles of the carbohydrate moiety of the glycoprotein and membrane fragments 
as biochemical factors mentioned above. Furthermore, it can thus be postulated 
that certain amino acids and hydroxy vesicles at the ulcer sites take up hydrogen 
ions by protonation. Here BiOX interferes, thereby locally elevating the pH 
towards that for the optimal precipitation of the BiOX layers. 

Biochemical and Physiological Actions of Bismuth Salts 

Suggestions for the mechanism by which H. pylori causes hypochlorhydria, 
including a reduction in parietal cell mass and alteration in gastric permeability to 
acid was put forward by Ramsey et al. [32]. Furthermore, in a volunteer study, 
Morris and Nicholson [21] showed that the very rapid recovery of acid 
production observed after the administration of doxycycline, given to try to 
eradicate the H. pylori also suggests that hypochlorhydria is directly associated 
with the presence of this organism. Cave and Vargas [2] measured the uptake 
of [14C]aminopyrine by rabbit gastric epithial cells as an indirect assay for acid 
secretion from parietal cells. This assay is widely used as an indirect measure of the 
H + ion secretion by parietal cells, because the loss of polarity that occurs with 
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isolated cells prevents direct measurements. Since p4C]aminopyrine is a fairly 
weak base which diffuses into parietal cells, once inside these cells it is in a 
compartment with a pH below its pKa of pH 5.0 and is converted into mainly 
ionised form that only poorly diffuses across the membranes. Therefore, the 
accumulation of [14C]aminopyrine reflects the acid production of the parietal 
cells. As a result, one can demonstrate alterations in stimulated acid production in 
the presence of H. pylori. Cave and Vargas found that H. pylori strains, isolated 
from the stomach of three patients with chronic gastritis, duodenal ulcer, and near 
normal mucosa, respectively, inhibited acid secretion at a concentration of 
10- 4 molll cimetidine [2]. They characterize an inhibitor protein of molecular 
mass of 12000-14000 Da. The concentration of the inhibitor was found to be 
very low, since fivefold dilution reduces the activity and tenfold dilution abolishes 
it. Surprisingly, the molecular mass of 12000-14000 Da is the same molecular 
mass correlated to the inhibitory protein subunit of the a-subunit of the Ca- and 
Mg-sensitive H + -ATPase of various bacterial strains [33, 34]. 

Gastric acid secretion results in a pH gradient of about 6.6 units across the 
secretory canaliculi of the parietal cells. That this depends directly on A TP and no 
other process can be shown in isolated, permeable gastric glands where in the 
presence of mitochondrial inhibition and anoxia, which collectively reduce acid 
secretion to zero, added ATP can to restore secretion [4]. Accordingly, this H+ 
secretion is controlled by a H +, K + -ATPase, controlled by the presence of K + , 
and Cl-. Since Bi3+ can penetrate membranes, as observed in fully synthetic 
vesicles in vitro (Paradies unpublished results), and since the nonpermeable BiOi" 
(Bi03)3 - can influence the K + - and Cl- -dependent H + + K + -ATPase, which is 
cimetidine sensitive in a catalytic and regulatory way strongly dependent on 
corroborate the conclusions by Cave and Vargos [2]. They implied that the site of 
activity of the inhibitory protein of H. pylori could well be on the apical cell 
membrane involving the H+, K + -ATPase. 

Furthermore, the competitive inhibition of the H+ -ATPase, which couples the 
ATP synthesis of ADP and inorganic phosphate through an electrochemical 
gradient, is correlated to the Bi3+ dentate shown in Fig. 10. By using NMR i 
techniques to study synthetically produced Bi3+ -ATP complexes, a pseudo axial 
and pseudoequatorial conformation of these Bi dentates can be discerned. Since 
A TP binds to the IX-subunit of the bacterial H + -ATPase [31], a large conforma
tional change was observed after the Bi dentates bound to a specific site of the IX
subunits. Here the Kd value was 1.5 IlM, whereas a value of Kd = 0.1 IlM was 
calculated for Mg-ATP [31]. This change in turn influences the whole complex 
enzyme system, including the molecular geometry of the H+ -ATPase [34]. 
Furthermore, upon binding of Bi-A TP, a considerable loss of structural flexibility 
of the IX-subunit of H+ -ATPase has been observed using fluorescence methods. 
This results in a more compact (tight) structure of this subunit [29]. Moreover, it 
has been observed that the BiO + cation interferes with the transhydrogenase 
activity of the H + -ATPase of H. pylori within the inner membrane close to the cell 
wall. Apparently, nucleotides, Le., ADP, ATP and cAMP, seem to be the primary 
molecular target of this enzyme system, especially in order to change the state of 
hydration of vesicular systems, e.g., membranes, as well as to establish new 
hydrogen bonds between BiO + and certain amino acids residues. Furthermore, 
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Fig. 10. Representation of two possible BiO-ATP diastereoisomers according to NMR results 
and chemical synthesis (Paradies, unpublished) 

protonation of the bases of ATP, ADP, and cAMP and ofbismuth(III) cations is 
an important role of acidic pH, which can be described as BiO + ... - OP and 
NH+ ... OP or NH + .. , OH2 ... Bi, respectively. 

One possible mechanism by which a bismuth coating helps to heal an ulcer can 
be the passive protection provided by the polymeric inorganic bismuth(III) layer 
against the digestive activity of acid and pepsin. Thus, normal healing processes 
are permitted to occur. Though the antipeptic activity ofbismuth(III) compounds 
in the in vivo state seems to be insignificant [7], it remains possible that the 
bismuth(III) coating can act as a local anti peptic effect at the ulcer site. This is also 
supported by the investigations of Koo et al. [14]. 

Conclusion 

Far more data are needed to establish conclusively the molecular mechanism of 
bismuth (III) salts with membranes and intrinsic enzyme systems within mem
branes, as well as the interaction of bismuth(III) salts with H. pylori and gastric 
parietal cells or the mucosa, respectively. Furthermore, with modern surface
sensitive techniques, e.g. x-ray reflectivity, ellipsometry, and x-ray photon 
spectroscopy, and with surface-enhanced Raman spectroscopy, it should be 
possible to delineate the bismuth(III) gel films within biological structures with 
respect to adhesion and in relation to the chemotaxis and chemokinesis of 
H. pylori and their possible attractants to the mucosa. Bismuth chemistry seems to 
encapsulate and convey a great deal of useful information, which is still not 
complete. However, it is of desirable, heuristic value in view of its new application, 
and it serves as a powerful fount of inspiration. Whether isolated molecules can 
properly be said to have any shape at all is irrelevant in this context. 
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Safety Profile of Bismuth-Containing Medications 

J. R. LAMBERT 

Introduction 

Bismuth compounds have been taken as medicinals for more than two centuries 
with the first recorded medical application in 1785. Early uses included local 
demulcent and protective action in the skin and gastrointestinal tract, to aid 
healing of ulcers, as well as to treat and prevent acute diarrhea. Bismuth salts are 
also employed as a contrast material in gastrointestinal radiology. While the 
above describe local effects, the systemic effects of bismuth have been used as 
treatment for syphilis and hypertension. 

Many oral preparations of bismuth have been used and these appear to differ in 
their clinical efficacy as well as their pharmacokinetics. A number of bismuth 
compounds have been employed to treat a variety of gastrointestinal complaints 
including abdominal pain, flatulence, diarrhea, and constipation. The inorganic 
salts used included the subnitrate, subcarbonate, subgallate, tartrate, and 
subsalicylate. These preparations were mainly available over the counter and 
often contained other compounds; several of these are still available in some 
countries. 

Colloidal bismuth subcitrate (CBS) has been successfully administered in the 
treatment of peptic ulcer disease. This preparation has proved as effective as the 
histamine H2-antagonists in the treatment of gastric and duodenal ulcers with 
lower relapse rates following cessation of therapy. The lower relapse rates have 
been attributed to a beneficial effect on Helieobaeter (Campylobaeter) pylori
associated gastritis. Long-term eradication of Helieobaeter pylori improves when 
CBS is co administered with antibiotics [1]. 

Pharmacokinetics 

Absorption 

Following oral intake of bismuth compounds a significant increase in blood 
concentrations of bismuth occurs [2,3]. Table 1 summarizes peak plasma con
centrations of bismuth after ingestion of bismuth compounds for more than 
2 weeks [2,4-8]. 
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Table 1. Plasma concentration posttreatment after 2 or more weeks therapy with bismuth 
compounds 

Reference Bismuth Formulation Range 
compound peak plasma 

concentration 
(Ilg/l) 

Conso et al. (1975) [4] Subnitrate Tablet 17-38 
Steffen et al. (1986) [5] Subsalicylate Tablet 1-10 
Lee (1981) [2] Colloidal bismuth Solution 2-35 

subcitrate 
Dekker et al. (1986) [6] Colloidal bismuth Chewable 

subcitrate tablet 3-33 
McLean et al. (1988) [7] Colloidal bismuth Chewable 

subcitrate tablet 0-58 
Gavey et al. (1989) [8] Colloidal bismuth Swallowable 

subcitrate tablet 4-40 

Gavey and colleagues [8] calculated that 0.2 % of ingested bismuth was 
absorbed, based on urinary excretion following cessation of CBS administration. 
This determination is questionable as it does not account for temporary storage of 
bismuth in body compartments or a possible enterohepatic circulation. 

A rapidly occurring peak in blood bismuth concentration is observed after 
single oral ingestion of CBS (DeNol). The peak occurs between 15 and 60 min 
after administration of DeNol chewable tablets with peak values less than 50 Ilg/1 
[7]. The intake of DeNol swallowable tablets gave peaks in plasma ranging from 
25 to 300 Ilg/1 after a mean of 30 min (range, 15 -1 05 min) [9]. Low as well as high 
absorption peaks could be found in the same person with multiple doses of the 
swallowable preparation. This suggests that bismuth absorption with the 
swallowable tablets of CBS is subject to high intra- and interindividual variation. 
Considerable care should be taken in relating the chronic toxicity described for 
bismuth compounds with the peak concentrations in blood and plasma shortly 
after ingestion. Multiple dosing studies with both CBS preparations show an 
apparent steady state reached by 3-4 weeks [2, 7, 8]. The elimination half-life after 
steady state was reached was between 20 and 30 days for urine and plasma for 
both CBS preparations [7,8]. 

The large interindividual variation in bismuth absorption may be due to a 
number of factors. These include differences in dissolution of tablets, gastric pH, 
and gastrointestinal motility [2,4, 10]. It has also been suggested that the chemical 
form of bismuth at least partly determines the rate of absorption [11,12]. 

The site and mechanism of bismuth absorption in humans is unclear. Electron 
microscopy has demonstrated CBS particles in enterocytes of the duodenum and 
proximal small bowel in humans after oral intake. No particles were noted in the 
gastric mucosal cells [12]. In the rat the uptake of bismuth by the intestinal mucosa 
after oral CBS was highest in the proximal jejunum, ileum, and duodenum with 
low levels in the stomach [13]. The rapid appearance of bismuth in blood after oral 
intake of CBS in humans suggests bismuth absorption in the stomach [10]. 
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Distribution 

The absorbed bismuth is distributed in blood and other tissues. The chemical form 
in which bismuth is present in blood is unknown. Thomas et al. [5] showed an 
association of bismuth with the high molecular weight fraction (~200000 
daltons) including 1X2-macroglobulin, IgM, and IX-lipoprotein after incubation of 
human blood with bismuth subgallate. Russ et al. [14] showed that 17 % of the 
radioactive bismuth citrate incubated with blood was associated with erythrocytes 
and the remainder was not specifically bound to serum proteins. 

In humans and animals receiving bismuth, the highest concentration/g net 
weight was always found in the kidney [14-17]. After 14 months of administration 
of CBS to rats the organic concentrations bismuth, from high to low, were in the 
kidney, lung, spleen, liver, brain, and muscle [18]. Values ranged from 13.9Ilg/g 
net weight in the kidney to O.13llg/g in the muscle. 

The concentrations of bismuth in the brain of humans and animals receiving 
bismuth was higher than in controls [18-20]. In patients dying from bismuth 
encephalopathy the concentration in the gray matter was about twice as high as 
that in white matter, with the highest concentrations in the thalamus and 
cerebellar cortex [21]. 

The factors influencing tissue distribution are not known. The physicochemical 
form of the bismuth compound in the vascular space has some influence on 
distribution [14,22]. 

Elimination 

Elimination of bismuth from the body is via both the urine and feces. The majority 
of orally administered bismuth is not absorbed and excreted in feces. The exact 
contribution of the urine and fecal routes to elimination of absorbed bismuth is 
unclear and may in part be dependent on the salt and dose, as suggested using 
radiolabelled intravenous 206bismuth salts in rats [23, 24]. Bismuth present in 
feces after cessation of oral therapy is excreted partly via the bile and partly via 
intestinal secretion. Preliminary evidence has suggested an enterohepatic circula
tion of the bismuth pool [2, 25]. 

Studies have suggested a two- or three-compartment model to describe the 
elimination kinetics of bismuth from the blood in humans [26] and in animal 
models [14, 27]. The kidney is an important compartment with the other 
compartments including the liver, muscle, and adipose tissue probably being less 
important. 

Bismuth Toxicity in Humans 

A large number of toxic effects have been attributed to bismuth compounds as 
shown in Table 2 [28-37]. The adverse affects on various organ systems may be 
associated with different bismuth compounds. As shown in Table 2 the same 
compounds may affect a number of organs. 
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Table 2. Toxic effects of bismuth compounds in humans 

Organ system Toxic effect Bismuth salts Reference 

Kidney Acute reversible Triglycollamate, [28,29] 
renal failure thioglycollanate, 

diallylacetate, 
CBS (100 tablets) 

Liver Acute hepatitis Thioglycollate [30] 

Bone Osteoporosis Subnitrate [31,32] 
Osteomalacia Subcarbonate 
Fracture Subgallate 

Skin Erythroderma Tartrate, salicylate [33] 

Neuropsychiatric Chronic Subnitrate [34-36] 
"encephalopathy" Subgallate, [37] 

sub salicylate 

Bismuth encephalopathy has been reported mainly as case reports particularly 
from France with often incomplete descriptions of the clinical features and lack of 
blood or plasma concentrations of bismuth. Diagnosis is generally confirmed by 
the presence of elevated bismuth concentrations in the blood, plasma, serum, or 
CSF. In subjects with encephalopathy blood bismuth levels are usually more than 
l0011gjl with most having levels greater than 50011gjl at time of presentation 
[34, 38]. In some case reports a lack of relationship between clinical illness and 
blood concentrations was noted [37,39]. This can be accounted for by one or more 
of the following explanations: blood bismuth levels have been inadequately 
assessed and samples have often been taken late after presentation; there is large 
interindividual variation in susceptibility to bismuth neurotoxicity; and bismuth 
intake has often been discontinued by subjects prior to hospitalization. 

The cause of bismuth encephalopathy is unclear. When subjects with encephalo
pathy were compared with a healthy control group of bismuth consumers, no 
difference in age, sex, quantity of bismuth consumed, duration of drug use, or use 
of other drugs was observed. The only difference between the two groups was the 
problem of constipation in those who developed encephalopathy [40]. A 
hypothesis that intestinal absorption is facilitated in subjects with bismuth 
encephalopathy has thus been suggested [41]. 

The two commonly used bismuth compounds are CBS and bismuth subsalicyl
ate (BSS). As anticipated from the pharmacokinetics of CBS there have been no 
reports of toxic effects in subjects taking the recommended dosage and duration of 
therapy. The steady state plasma concentration of bismuth with standard doses of 
CBS was less than 5011gjl after any of the preparations [2,7,8]. The range of 
plasma concentrations is 1.5 % - 5 % of those concentrations reported from 
patients with encephalopathy. The only case of encephalopathy linked to BSS 
occurred after unknown amounts of a noncommercial preparation were con
sumed by a patient with numerous gastrointestinal complaints [37]. Plasma 
concentration of bismuth after BSS therapy is below 50 llgjl [5,42]. 
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Conclusion 

Bismuth salts have been in medical use for over 200 years with most therapy 
previously available over the counter for a variety of complaints. The current 
medical indications for specific bismuthcontaining preparations are now well 
established. CBS is effective in the treatment of peptic ulcer disease and, in 
combination with antibiotics, is beneficial against Helicobacter pylori-associated 
gastritis [1]. BSS is of benefit in treatment and prevention of infective diarrhea [5]. 
Bismuth compounds, when administered to subjects with normal renal and 
hepatic function for short duration, rarely result in toxicity. 

The adverse publicity relating to toxicity from bismuth compounds has resulted 
mainly from unsupervised, indiscriminate use of these drugs for often inappropri
ate indications. A rational scientific evaluation of the clinical efficacy and 
pharmacokinetics of several bismuth compounds, particularly CBS and BSS, has 
established their usefulness in clinical medicine. Ongoing evaluation of new 
formulations of bismuth are essential to optimize their effect on the healing of 
peptic ulcer disease as well as eradication of Helicobacter pylori, while main
taining the low toxicity. Special attention must be paid to the gastric mucosal 
pharmacokinetics of bismuth compounds to ensure adequate delivery of 
bismuth [43]. 
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Is Nonulcer Dyspepsia Improved by Treating 
Helicobacter pylori Infection? 

A. T. R. AXON 

Clinical research in nonulcer dyspepsia (NUD) is not straightforward. Reported 
studies show variation in the definition of NUD, the population groups studied, 
the endpoints assessed and symptoms evaluated. In attempting to give an 
overview of the benefit of treating Helicobacter pylori (HP) in this condition it is 
relevant first to consider these aspects. 

A recent international working party has defined NUD as upper abdominal or 
retrosternal pain, discomfort, heartburn, nausea, vomiting (or other symptoms 
referable to the proximal alimentary tract), lasting for longer than 4 weeks, 
unrelated to exercise, and for which no focal lesion or systemic cause was found 
responsible [1]. 

One difficulty with this definition is that it includes individuals whose primary 
complaint is heartburn. Although this is technically NUD, it is more likely to 
result from abnormalities of the gastro-oesophageal junction than from HP 
infection and probably should be excluded from studies assessing treatment of 
HP. Secondly, this definition does not adequately exclude those patients with 
irritable bowel syndrome with upper abdominal symptoms. Thirdly, some 
patients with peptic ulcer in remission may be included and, finally, care must be 
exercised in deciding what is meant by the presence or absence of a "focal" lesion, 
should this include severe gastritis or antral erosion? 

When considering the selection of individuals for NUD trials, the varying 
prevalence ofHP, in different age groups, countries, racial subsets, and social stata 
must be considered especially when comparing one study with another. 

To date no convincing well-controlled study has shown HP prevalence to be 
higher in dyspeptic populations than normals, although the weight of subjective 
evidence favours this belief. Figure 1 shows the prevalence ofHP in blood donors 
with an age-matched population attending a dyspepsia clinic in the same city. HP 
appears to be approximately 20 % higher in the dyspepsia group compared with 
age-matched blood donors, but it is unlikely that these groups represent the same 
social background or racial mix. If, however, these figures are regarded as 
generally representative, HP is likely to be responsible for only about 20 % of the 
dyspeptics with HP and therefore only about 10% of an un selected dyspeptic 
population (which will include HP-positive and HP-negative patients). It follows 
that any study attempting to show improvement by medication will need large 
numbers to show a difference. . 
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Fig. 1. Frequency of H. (C.) pylori in nonu1cer dyspepsia (NUD) patients and blood donors [8] 

In setting up a trial it would be helpful if a symptom complex could be identified 
which is associated with HP. A number of studies have addressed this question, 
but no consistent syndrome has been identified, and where a symptom has been 
identified, it has usually not been subjected to an age-specific analysis. This is 
essential when studying HP where there is a very strong association with age and 
thus a risk that a symptom apparently associated with HP is actually associated 
with age. 

Table 1 lists the placebo-controlled studies analysed in this overview and 
includes the drug and the numbers studied. At first sight the numbers appear 
reasonable, but when analysed first for those that were HP positive and then for 
those treated with the active preparation, it is apparent that no single study 
contains sufficient numbers to provide a confident result especially, as previously 
argued, only around 20% would be expected to improve on anti-HP medication. 

Table 1. Placebo controlled trials in nonu1cer dyspepsia (NUD) of H. pylori (HP) positive 
patients treated with bismuth 

Author 

McNulty et al. [2] 
Lambert et al. [3] 
Borody et al. [4] 
Rokkas et al. [5] 
Kang et aI. [6] 
Loffeld et al. [7] 

Treatment 

BSS 
CBS 
CBS 
CBS 
CBS 
CBS 

No. studied 

50 
54 
43 
52 
51 
50 

HP+ 

50 
33 
43 
20 
23 
50 

HP+ on 
active treatment 

18 
15 
22 
12 
11 
26 
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Table 2. Results of bismuth treatment in HP + patients 

Author 

McNulty et al. [2] 
Lambert et al. [3] 
Borody et al. [4] 
Rokkas et al. [5] 
Kang et al. [6] 
Loffeld et al. [7] 

Outcome 

Trend in favour, N.S. 
Pain improved, P < 0.01 
Pain improved, P < 0.001 
Symptoms improved, P < 0.001 
Asymptomatic, P < 0.05 
No significant differences 

A. T.R. Axon 

Table 2 shows, somewhat surprisingly, that statistical differences were found 
between the groups. The possibility of a type 1 statistical error should be 
considered i.e. the greater number of symptoms assessed, the greater is the 
likelihood that a statistically significant factor difference will arise by chance. 

It is possible to amalgamate the results in those studies where an endpoint of 
total symptomatic remission was used. If HP is responsible for NUD elimination 
or suppression of the organism should lead to total relief in the same way as ulcer 
healing is usually associated with complete resolution of symptoms. 

Table 3. HP + patients becoming asymptomatic 

Author 

Rokkas et al. [5] 
Kang et al. [6] 
Loffeld et al. [7] 

Total 

CBS 

5/12 
8/11 
4/26 

17/49 (35%) 

Placebo 

0/13 
3/12 
0/24 

3/49 (6%) 

Table 3 shows those publications which can be analysed in this way and if the 
totals are added up (a practice of dubious scientific credibility) it can be seen that 
49 HP-positive NUD patients were treated with colloidal bismuth subcitrate 
(CBS), and 49 with placebo. It is relevant at this point to emphasize that these 
studies are not double-blind because bismuth causes darkening of the stool. 
Bearing in mind these strictures it appears that 35 % in the bismuth group became 
asymptomatic compared with only 6 % in the placebo group. It is unreasonable to 
apply statistics in this unscientifically designed assessment, but this result might 
imply that HP may be responsible for NUD in up to 30 % of individuals, and 
suggests that a properly designed study using large numbers of patients should be 
undertaken. An alternative explanation for the above finding is that CBS may 
have a nonspecific benefit in patients with NUD unrelated to its effect on HP. 
Unfortunately few studies undertaken have investigated HP-negative nonulcer 
dyspeptics. Those that have done so are included in Table 4. There was no obvious 
trend in favour of CBS, but again the data are unsatisfactory. 
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Table 4. Does CBS improve HP - non ulcer dyspepsia? 

Author 

Kang et al. [6] 
Rokkas et al. [5] 
Lambert et al. [7] 

References 

HP-

28 
32 
30 

Result 

N.S. (trend to placebo) 
N.S. (4/13 vs 4/19 improved) 
N.S. (12/16 vs 9/14 improved) 

1. Working Party Report (1988) Management of dyspepsia. Lancet 1:576-579 
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2. McNulty CAM, Gearty JC, Crump B, et al. (1986) Campylobacter pyloridis and associated 
gastritis: investigator blind, placebo controlled trial of bismuth salicylate and erythromycin 
ethylsuccinate. Br Med J 293:645-649 

3. LambertJR, Borromeo M, Korman MG, Hansky J (1987) Role ofCampylobacter pyloridis 
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Five-Day Triple Therapy and 1S-Day Double Therapy 
on Helicohacter pylori Eradication 

L. G. v. COELHO, M. C. F. PASSOS, D. M. M. QUEIROZ, A. J. A. BARBOSA, 
E. N. MENDES, G. A. ROCHA, C. A. OLIVEIRA, G. F. LIMA Jr, Y. CHAUSSON, 
and L. P. CASTRO 

Introduction 

Many studies have shown that Helieobaeter (Campylobaeter) pylori (HP) is 
sensitive to a number of different antibiotics in vitro [1- 5] but their use in vivo has 
been disappointing [6]. The lack of concordance between in vitro sensitivity and in 
vivo efficacy in eradicating HP is remarkable. 

At this point we must define the sometimes misleading words clearance and 
eradication. Clearance is the absence of the organism in antral biopsy specimens 
on histological or microbiological testing at the end of treatment. This is not 
difficult to achieve, but recrudescence of the original infection usually takes place. 
The organism probably lies deeply within gastric pits, protected from luminal 
chemotherapy by mucus and from blood-borne antibiotics by being extracellular. 
Eradication is defined as absence of the organism on testing 1 month after the end 
of the treatment period. If the patients are clear of the organism at this stage over 
85 % will remain negative at 12 months [7]. 

Although there have been many studies showing that HP is sensitive to a wide 
range of antibiotics, their use in vivo as monotherapy has been rather dissapoint
ing [6]. Dual therapy using bismuth and amoxycillin has proved more effective in 
eradication giving an overall success rate of around 42 %. Rauws et al. [8] used 
amoxycillin 375 mg ti.d. with colloidal bismuth 120 mg q.i.d. for 4 weeks and 
achieved eradication in 7 out of 20 patients. The combination of bismuth 
subsalicylate (BSS) and amoxycillin has been studied by Wagner et al. [9]. They 
used BSS 600 mg t.i.d. with amoxycillin 750 mg ti.d. for 15 days and eradicated 
HP in 4 out of 8 patients. O'Riordan et al. [10] compared a number of adjuvant 
antibiotic regimens designed to achieve optimal HP eradication in patients with 
duodenal ulcers and an associated HP-positive antral gastritis. The association of 
bismuth 120 mg q.i.d. plus amoxycillin 500 mg ti.d. (n = 18); bismuth 120 mg 
t.i.d. plus metronidazole 200 mg t.i.d. (n = 23), and bismuth 120 mg ti.d. plus 
metronidazole ti.d. for 7 days eradicated HP in 50%, 57%, and 85% of the 
patients, respectively. 

Preliminary use of triple therapy appears to be more successful. Borody and 
Carrick [11] treated 100 consecutive patients for 4 weeks with a combination of 
colloidal bismuth subcitrate (CBS; chewable De-Nol) q.i.d. tetracycline 500 mg 
q.i.d. for 2 weeks. An eradication rate of94 % was achieved at 8 weeks and 47 of 50 
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patients were still clear 12-25 months later. Borsch et al. [12] studied 105 patients, 
71 of whom were followed-up for a mean period of 6-9 months. Patients received 
a combined oral medication of amoxycillin 500 mg t.i.d. and metronidazole 
500 mg ti.d. in addition to BSS 600 mg ti.d. for various time periods, ranging 
from 0 to 2 weeks. The 7-day treatment regimen achieved an eradication rate of 
80% (12/15) and was considered the shortest regimen for HP eradication. In a 
previous study [13] we have shown that furazolidone, similarly to bismuth salts, 
effects HP clearance, peptic ulcer healing, and reduction of ulcer relapse. 

We describe a preliminary study of two different furazolidone-antibiotic 
associations on HP eradication using triple short-term and double medium-term 
regimens. 

Patients and Methods 

After giving written consent, 10 HP-positive subjects (6 asymptomatic volunteers 
and 4 duodenal ulcer patients) took part in the study. Six participants used 
furazolidone 100 mg, amoxycillin 500 mg, and metronidazole 250 mg orally, t.Ld. 
for 5 days. Four subjects used furazolidone 100 mg and metronidazole 250 mg 
every 6 h for 15 days. Gastroscopy and the 14C-urea breath test were performed 
before and after (range 72-184 days) the end of the treatment in all subjects. 
Antral biopsy specimens were collected for histology, Gram staining, culture, and 
urease test, also for monitoring HP clearance. HP eradication was defined as HP
negative at culture. Antral mucosa histology was evaluated according to 
Whitehead. The presence of neutrophils in the lamina propria was graded for the 
assessment of the activity (PMN score, 0 to 3) of the gastritis. 

Results 

All participants completed the trial. In the 5-day triple therapy group, HP 
eradication was demonstrated by the negative tests performed 73-96 days 
(x = 88) after therapy in five (83.3 %) out of six patients. Also, normal histology, 
with only rare PMNs in the lamina propria was seen in these five patients. The 
only one who persisted to be HP positive showed a striking improvement of the 
active gastritis (PMN score, + + + to +). Two subjects developed minor GI 
symptoms. In the 15-day double therapy group, HP was eradicated in two (50%) 
of the four subjects as demonstrated by the negative tests performed 72-184 days 
(x = 128) posttreatment. Although chronic gastritis persisted in the two HP
negative subjects, signals of activity were not seen. No side effects were seen. The 
duodenal ulcer patients that cleared HP remained asymptomatic and healed. 

Conclusion 

Five-day triple therapy using furazolidone, amoxycillin, and metronidazole 
showed itself to be a short, inexpensive, and effective regimen for HP eradication. 
A larger trial using this therapeutic regimen is currently under way. 
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Antibacterial Therapy: 
Effect on Healing and Relapse of Peptic Ulcer Disease 

G. BORSCH 

Introduction 

Helieobaeter pylori (formerly Campylobaeter pylori, H. pylori, HP) is rapidly 
evolving as the single most important factor in the pathogenesis of ulcer disease, at 
least gastritis-associated duodenal ulcer disease [13]. Unlike the underlying genetic 
predispositions of this condition, H. pylori has the tremendous practical advan
tage of being a treatable condition. 

Ulcer treatment has previously - and successfully - focused on manipulating 
physiologic events such as secretion of acid or pepsin. H. pylori has now opened a 
fundamentally new era by making it both logical as well as tempting to use 
antimicrobials as a therapeutic regimen. 

A survey of such treatment modalities will be the topic of this review. It will 
address any studies on duodenal and gastric ulcer disease, that will allow an 
analysis of the correlations between ulcer healing and relapse with treatment 
effects on H. pylori. Since conventional ulcer therapy based on H 2-receptor 
antagonists, antacids, sucralfate, or pirenzepine will in all likelihood fail to 
influence a patient's H. pylori state, only trials using bismuth salts and/or 
antimicrobial drug modalities will be taken into consideration. Also excluded 
from further discussion will be a small number of trials that have investigated the 
effect of antimicrobial therapy on peptic ulcer disease without monitoring the 
patients' pre- and posttherapeutic H. pylori state. These studies and also their 
shortcomings have been reviewed in detail elsewhere [1,5,11]. 

There is then, however, a dearth of well-conducted, sufficiently large, and 
adequately reported H. pylori ulcer trials. Important studies have recently been 
initiated which are still going on [15] or will possibly be finished in the near future. 
These may in due time corroborate and refine our current thinking, but they will in 
all likelihood not refute present basic assumptions on the causal role of H. pylori 
in ulcer disease. 

Influence of H. pylori Therapy on the Kinetics of Ulcer Healing 

The pertinent studies and their location in the literature, as identified by their 
principal author and the jourual of publication of full reports or abstracts, are 

Department of Medicine, Elisabeth-Hospital, Academic Teaching Hospital of the University of 
Essen Medical School, Moltkestr. 61, D-4300 Essen, FRG 

Helicobacter pylon, Gastritis and Peptic Ulcer 
Edited by P. Malfertheiner and H. Ditschuneit 
© Springer-Verlag Berlin Heidelberg 1990 
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Table 1. Studies addressing the effect of the state of H. pylori on healing and relapse of peptic 
ulcer disease 

Coghlan et al. [10]a 
Marshall et al. [19] a 

Bayerdorffer et al. [2] a 

Lambert et al. [17] 
Borody et aI. [6] 
Smith et al. [20] 
Graham et al. [15] 

a Published in full detail 

summarized in Table 1. Detailed formal papers still represent the exception rather 
than the rule and are therefore marked by an asterisk. All studies indicated in 
Table 1 have been systematically analysed in regard to both major areas of this 
review: ulcer healing and relapse. 

Before addressing the first topic of the review - ulcer healing - reference should 
be made to the fact that acceleration of healing is not a crucial test for the role of 
H. pylori in ulcer disease, neither in theory nor in practice. There exists some 
potential analogy to the inefficiency of cytoprotective prostaglandins, that is, low 
dose prostaglandins, to promote ulcer healing [7]. This is best explained by the 
assumption that factors leading to ulcer formation (for example, local epithelial 
breakdown in H. pylori induced gastroduodenitis) might be quite distinct from 
those that eventually govern ulcer healing (for example, speed and capacity for 
local epithelial repair). 

Therefore, any lack of influence of H. pylori oriented therapeutic regimens on 
ulcer healing kinetics would certainly not disprove an important pathogenetic role 
of H. pylori in peptic ulcer disease. On the other hand, acceleration of ulcer healing 
by antibacterial therapy would nevertheless provide further support for an 
important causal effect of gastroduodenal H. pylori colonization on peptic ulcers. 

Studies published by Graham et al. [15], Bayerdorffer et al. [2], Marshall et al. 
[18,19], and Lambert et al. [17] have investigated the influence of H.pylori on 
duodenal ulcer healing. By adding 2 weeks of oral triple therapy, that is, bismuth 
subsalicylate (BSS), tetracycline 2 g, and metronidazole 750 mg per day, to 
ranitidine 300 mg alone significantly accelerated healing in the first 39 duodenal 
ulcer patients of a randomized controlled H. pylori oriented duodenal ulcer trial 
[15]. The 4-week healing rates were 81 % after additional triple therapy versus a 
rather low 44 % rate after ranitidine alone (Table 2). 

Likewise, Bayerdorffer et al. [2] have described significantly faster healing of 
duodenal ulcer after adding ofloxacin 2 x 200 mg to ranitidine 300 mg nocte 
(Table 2). The latter data are somewhat difficult to explain, since ofloxacin almost 
never eradicates H. pylori. It may, however, reduce the bacterial density and could 
thus exert some influence on ulcer healing. The same authors have described a 
beneficial effect of combined ofloxacin/H2-receptor antagonist therapy in refrac
tory duodenal ulcers [3]. Since quinolones have the propensity to induce resistance 
of H. pylori in a high proportion of patients, these drugs are presently not 
considered to be useful agents in the therapy of H. pylori colonization. 
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Table 2. Effect of adding antimicrobial drugs to standard therapy on the healing kinetics of 
duodenal ulcers [2, 15, 18] 

Cumulative percentage healed - no. of weeks 

2 4 6 8 10 12 

Ranitidine a 10 44 n.d. 60 n.d. 83 
R+triple 37 81* n.d. 87 n.d. 100 

Ranitidine b 44 68 88 96 96 100 
R + ofloxacin 80 92 100 n.d. n.d. n.d. 

Bismuth C n.d. n.d. n.d. n.d. 68 n.d. 
B + tinidazole n.d. n.d. n.d. n.d. 74 n.d. 

Cimetidine C n.d. n.d. n.d. n.d. 59 n.d. 
C + tinidazole n.d. n.d. n.d. n.d. 76 n.d. 

* p < 0.05; n.d., not done 
a Graham et al. [15]: initial 39 duodenal ulcer (DU) patients 
b Bayerdorffer et al. [2]: 50 DU patients 
C Marshall [18]: 100 DU patients 

The data of the largest randomized controlled H. pylori oriented trial in 
duodenal ulcer disease [18,19] show a tendency for tinidazole to improve 10-week 
ulcer healing rates above those observed for either cimetidine (76 % vs 59 % 
healing) or colloidal bismuth subcitrate (CBS) alone (74 % vs 68 % healing; 
Table 2). A different look at these figures also reveals that after bismuth therapy 
with or without concomitant tinidazole administration, ulcers healed in 10 of 22 
patients (45 %) remaining positive for H. pylori posttherapeutically. Ulcer healing 
occurred much more frequently in 25 of those 27 that had become H. pylori 
negative (93 %). 

The sole evidence arguing for a lack of influence of the H. pylori state on ulcer 
healing is a brief remark by Lambert et al. [17] to the effect that the H. pylori state 
after 8 weeks of CBS therapy was unrelated to healing in their uncontrolled 
duodenal ulcer trial. However, numbers that would allow reader scrutiny of this 
statement are not given in the published abstract. All other papers forming the 
data base of this review fail to adress the issue of ulcer healing (Table 1). 

Therefore, available data on the effect of H. pylori oriented therapy on ulcer 
healing kinetics suggest that, first, suitable antimicrobial therapy may accelerate 
healing of duodenal ulcers [2, 15]. Second, after bismuth therapy, clearance of 
H. pylori is probably associated with faster ulcer healing, as compared with 
persistence of H. pylori [18, 19]. Third, the effect of antimicrobials on the healing 
kinetics of gastric ulcers is presently unknown, and this is due to a current lack of 
published data. 

Influence of H. pylori Therapy on Ulcer Relapses: 
Profound Modification of the Natural History of the Disease 

The posttherapeutic H. pylori state has a most profound, almost dramatic impact 
on duodenal ulcer relapse rates. However, a reservation has to be made insofar as 
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published observations have covered periods up to 12 or 18 months only. Also, the 
studies shaping our knowledge in this field are far from flawless in design, have 
small subject numbers, and with only two exceptions [10, 18] are yet to be 
published in full detail. 

The pertinent data are summarized in Table 3. They clearly suggest that 
patients remaining H. pylori positive after ulcer therapy have high 12-18 month 
duodenal ulcer relapse rates of approximately 80 %, while ulcer relapses in 
patients maintaining a state of therapeutically induced H. pylori eradication are 
extremely rare, probably not more than 8 % or 10% per year, and sometimes even 
around zero. These findings certainly come close to suggesting a "no H. pylori - no 
duodenal ulcer" relationship [14]. 

The lower relapse rate of 10% in the Coghlan et al. [10] (Table 3) study applies 
to patients remaining persistently H. pylori negative, while the relapse rate of27 % 
involves all patients who were H. pylori negative after an index therapy of 
cimetidine or CBS and thus includes patients with bacterial recrudescence and 
reinfections. Likewise, the lower relapse rate of 8 % in the Marshall et al. [18, 19] 
study applies to H. pylori-negative patients with anatomically proven duodenal 
ulcer relapse, while the higher relapse rate of 21 % includes recurrence of any 
ulcer-like symptoms, not necessarily being associated with genuine ulcer craters. 

Three other trials in this field merit further comment. A study by Eberhardt et 
al. [12] in 39 duodenal and 3 gastric ulcer patients showed higher healing and lower 
relapse rates after BSS 3 x 600 mg versus cimetidine 800 mg nocte, but this work is 
seriously flawed by technical difficulties leading to a H. pylori detection rate of 
only 61 % in this small group of ulcer patients. This precludes a meaningful 
analysis of the influence of H. pylori on healing and relapse. 

A study by Bianchi Porro and Lazzaroni [4] comparing ulcer recurrences after 
healing by H 2-receptor antagonists or by CBS and published as a letter to the 
editor reports the posttherapeutic, but not the initial H. pylori state. There was a 
high bacterial clearance, but a low real eradication rate after CBS. Therefore, too 
few patients were actually eradicated to form a truly H. pylori-negative group for 
follow-up of relapses. However, 94% of patients were H. pylori-positive on 
relapse, which clearly argues in favor and not against a causal role of H. pylori for 
ulcer recurrences. 

A study by Humphreys et al. [16] includes cases with duodenal and gastric ulcers 
in addition to erosions or esophageal lesions, which also precludes a precise 
analysis. The data are nevertheless interesting insofar as they support a role of 
H. pylori in determining the healing rate after therapy with liquid CBS 4 x 5 ml. 
Six weeks of this drug induced healing in 82 % of H. pylori-positive, but only 42 % 
of H. pylori-negative lesions, while the results of cimetidine treatment were similar 
in both groups, 70% vs 67%. 

Comment on the Influence of H. pylori Therapy 
on Relapses in Gastric Ulcer Disease 

Concerning relapses in gastric ulcer disease, it is the author's personal view that 
many or even most gastric ulcers will behave exactly like duodenal ulcers, which is 
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based on my own observations of30 patients with H. pylori-positive gastric ulcers 
treated by oral triple therapy [9]. However, any formal or controlled data on 
gastric ulcers to prove this assumption are currently unavailable in the literature. 

Clearly, the relation between gastric ulcers and H. pylori will by necessity be less 
clear-cut than the relation between duodenal ulcers and H. pylori [8]. Un
doubtedly, there are causative factors for gastric ulcers other than H. pylori, and 
therefore a considerable proportion of gastric ulcers develops independent of 
H. pylori. Such ulcers stay under life-long risk of acquiring a coincidental, but 
causally unrelated H. pylori colonization, potentially making these ulcers 
H. pylori associated, but not H. pylori induced. Presumably, treatment of 
H. pylori will in all likelihood not affect these patients' ulcer diathesis. In addition, 
such independent ulcer causes may also affect patients with previously established, 
but so far asymptomatic H. pylori colonization. Again, such ulcers would then be 
H. pylori associated, but not H. pylori induced, with treatment of H. pylori 
probably not affecting the natural history of these patients' ulcer disease. 
Therefore, recurrence of gastric ulcers despite eradication of H. pylori may be 
expected in a considerable proportion of gastric ulcer patients and would not 
disprove a decisive causal role of H. pylori for a subgroup of gastric ulcer disease. 

Summary and Conclusions 

The rather small data base on H. pylori-oriented therapy in peptic ulcer disease 
may best be summarized by stating that, first, suitable antimicrobial therapy may 
accelerate healing of duodenal ulcers; second, clearance of H. pylori may also be 
associated with acceleration of duodenal ulcer healing; and third, and above all, 
eradication of H. pylori will virtually eradicate duodenal ulcer relapses, at least for 
the 12- to 18-month periods that have so far been prospectively investigated, 
unless bacterial reinfection from outside sources occurs. 

The same will in all likelihood also apply to many or most gastric ulcers [8, 9], 
even though controlled data to lend formal proof to this assumption are currently 
unavailable. 

In conclusion, then, the data presented here clearly support a key role of 
H. pylori for peptic ulcers and highlight its potential to cure - and not merely to 
control- the most common, gastritis-associated variant of ulcer disease, termed 
GAUD [3, 13]. The available scientific information is now sufficient for H. pylori 
"believers" to accept this proposition of a potentially lasting cure of (previously) 
idiopathic, gastritis-associated ulcer disease as valid. Current H. pylori "nonbe
lievers" are still entitled to ask for larger patient numbers and better study designs, 
before finally giving in to the H. pylori ammendment of the ulcer equation. 
However, still being "in search of the flawless trial" should not become a perma
nent excuse for evading a timely personal decision on possibly flawed and imper
fect, but nevertheless persuasive experimental findings as part of the rapidly growing 
data base which clearly points to a key role of H. pylori in ulcer pathogenesis. 

However, for H. pylori eradication to become a standard procedure in ulcer 
therapy, better treatment regimens - in terms of simplicity, safety, and effective
ness - are urgently needed. 
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Natural History and Long-Term Monitoring of 
Therapeutic Attempts to Eradicate Helicobacter pylori 

E.A.J. RAUWS and G. N.J. TYTGAT 

Introduction 

Information about the natural history of H. pylori-associated gastritis is mainly 
obtained indirectly because without symptoms individuals are rarely endoscoped, 
and so infections may remain undiagnosed. To truly determine the natural history 
many persons, colonized or not colonized with H. pylori and with or without 
symptoms, should be followed up, including endoscopy and biopsies, without 
treatment. An alternative approach to study the significance of H. pylori is long
term follow-up of a substantial group of patients after eradication of these 
microorganisms. 

H. pylori and Natural History 

We prospectively followed a large group of H. pylori culture positive (n = 50) and 
negative (n = 27) patients up to more than 3 years after diagnosis, without 
treatment. Antral mucosal biopsy specimens were taken for culture and microbi
ological examination about every 3-6 months. If H. pylori was isolated, the strain 
was stored at - 70 °e. All formalin-fixed hematoxylin and eosin stained antral 
biopsy specimens were scored for severity of active chronic gastritis using a score 
scale for density of the inflammatory infiltrate in the lamina propria (0-2), density 
of polymorphonuclear leukocytes in the lamina propria (0-3), presence of 
intraepithelial polymorphonuclear leukocytes (0- 3), and presence or absence of 
superficial erosions (0-2). For each parameter, score 0 was none, 1 was mild, 2 
was moderate, and 3 was severe. Without exception, all culture-positive patients 
remained positive and all culture-negative patients remained negative for a follow
up period or more than 3 years. All the culture-positive persons initially had active 
chronic or chronic gastritis which remained roughly unchanged during the follow
up period as measured by the gastritis score. No changes in degree of atrophy or 
intestinal metaplasia were noted during this relatively short follow-up period. We 
did not see spontaneous disappearance of the microorganisms. Initially the 
culture-negative persons had normal gastric histology which remained constant 
during follow-up. 
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Restriction endonuclease analysis of H. pylori DNA showed that all the isolates 
from different patients showed different DNA restriction patterns, suggesting that 
they all differ in their subtypes [1]. The H. pylori isolates harvested during the 
follow-up study were also characterized by restriction endonuclease analysis of 
the bacterial DNA [2]. This made it possible to distinguish between persistence 
(same pattern) of the infection and reinfection (appearance of a different pattern). 
In all culture-positive individuals, over a median follow-up of 22 months (range 
12-28 months), the DNA digestion patterns of the isolates remained identical. 
This proves, that if H. pylori-associated gastritis is present, the same H. pylori 
strain is likely to continue, for at least 2 years. 

But, when, how, and why an individual becomes colonized remains to be 
elucidated. We only met a few patients who were H. pylori negative and became 
H. pylori positive, but in these cases endoscopic patient-to-patient transmission 
could be proven by DNA analysis of the isolated strains. This phenomenon will 
happen all over the world and is of course very important and may be a 
consequence of endoscopic follow-up. 

Concluding Remarks 

In the literature there is only scanty information on the natural history of H. pylori 
colonization and concomitant gastritis. It is not known if, and how often, 
spontaneous clearance of H. pylori infection and the associated gastritis occurs in 
those persons who acquired the disease naturally. We did not see spontaneous 
disappearance of the microorganisms in nonulcer dyspepsia (NUD) patients, in a 
maximal follow-up of 51 months. Spontaneous clearance especially of a small 
inoculum is, however, possible, as was shown by the spontaneous resolution in one 
volunteer self-inoculation experiment [3]. 

Follow-Up After Therapeutic Attempts to Eradicate H. pylori 

Introduction 

The link between H. pylori and gastritis led to treatment aimed at eradicating the 
microorganisms. Eradication of H. pylori is defined as the absence of microorgan
isms for at least 1 month after stopping treatment. Some authors use the word 
"eradication" incorrectly to describe only transient clearance of H. pylori. 

We have treated many H. pylori-positive patients with various agents, and 
scored all antral biopsy specimens for the severity of gastritis [4]. 

Treatment Regimens 

Patients with a gastric or duodenal ulcer were treated with cimetidine (200 mg 
q.i.d.) or colloidal bismuth subcitrate (CBS; 120 mg q.i.d.) for 4 weeks. Nonulcer 
dyspepsia patients with a positive culture for H. pylori and histological evidence of 
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chronic active gastritis received either cimetidine (200 mg q.i.d.), sucralfate (1 gr 
q.i.d.), spiramycine (500 mg q.i.d.), tetracycline (250 mg q.i.d.), CBS (120 mg 
q.i.d.), or amoxicillin (375 mg t.i.d.). 

Gastroscopy and Biopsies 

The upper gastrointestinal endoscopy was performed after an overnight fast. 
From antral mucosa biopsy specimens were taken using a sterilized biopsy 
forceps. The biopsy specimens were taken from either the lesser or greater 
curvature about 2 cm from the pylorus. Two specimens were placed in 2 ml of 
phosphate-buffered saline at 4°C for bacteriologic examination. Two specimens 
were fixed in 10% formalin for histopathologic examination. 

Results of Treatment 

Neither H 2-receptor antagonists, sucralfate, spiramycine, nor tetracycline had 
any effect on the presence of H. pylori. The effects of therapy on H. pylori cultures 
of antral mucosal biopsy specimens are summarized in Table 1. 

In patients where H. pylori was successfully eradicated (H. pylori not detectable 
at least 1 month after stopping treatment), we observed hardly any recolonization 
for now more than 3 years after initial treatment. This very low recolonization rate 
during follow-up suggests either a low rate of exposure to H. pylori or that 
conditions in the stomach are unfavorable for colonization by H. pylori. 

The effect of therapy on the gastritis score (severity of gastritis) parallels the 
effect of therapy on the presence of H. pylori. The gastritis scores remained 
unchanged after treatment with H 2-receptor blockers, sucralfate, spiramycine, 
and tetracycline. But after CBS, amoxicillin, or the combination of CBS and 

Table 1. Follow-up of culture results of378 H. pylori culture-positive patients with chronic active 
or chronic gastritis after various therapeutic regimens 

Treatment No. of Negative immediately Negative after (Months) 
patients after treatment 1 3 6 > 12 

H2-receptor 
blocker 97 0 
Sucralfate 33 0 
Spiramycine 6 0 
Tetracycline 7 0 
Metronidazole 10 2 1 1 1 1 
CBS 115 36 Ilb 10 10 10 
Amoxicillin 45 29 14 13 a 13 12b 
CBS + amoxicillin 65 44 27 26 a 26 23 ab 

a Recurrence, recolonization with the same strain 
b Cases of accidental inoculations (that is Colonization by other than initial strain (identical to 

previously endoscoped H. pylori-positive patient) 
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amoxicillin, a significant decrease in the severity of gastritis is demonstrated. After 
successful eradication of H. pylori, the acute polynuclear component of the 
inflammatory reaction disappears rapidly, whereas the mononuclear component 
takes longer to diminish and disappear, as has been shown in our long-term 
follow-up study [4]. After real eradication of H. pylori there is a complete 
disappearance of the inflammatory changes during follow-up, but the gastritis 
score worsens again if recolonization of H. pylori occurs. Recolonization usually 
occurs within 1 month after apparently successful eradication (Table 1). Late 
recolonization is rare and sometimes caused by iatrogenic person-to-person 
transmission of the microorganism. 

These data suggest that long-standing H. pylori-induced active chronic gastritis 
may ultimately evoke chronic atrophic gastritis and gastric atrophy after 20-40 
years of follow-up [5, 6]. To what extent this may be true is still controversial. 
Many long-term studies of patient cohorts will be necessary to answer this 
question. If H. pylori colonization is etiologically linked to the sequence: 
active chronic gastritis -+ atrophic gastritis -+ gastric atrophy -+ dysplasia -+ 

carcinoma, this sequence of events can be averted via long-term eradication of 
H.pylori. 
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Optimal Conditions for the Design 
of a Clinical Trial in Helicobacter pylori 
Related Duodenal Ulceration 

R. E. POUNDER and C. U. NWOKOLO 

Introduction 

The general principles involved in the design of clinical trials relating to peptic 
ulceration are well known and have recently been reviewed in detail by Lauritsen 
and Rask-Madsen [1]. None of the studies that are quoted as evidence for the 
beneficial effect of eradication of H. pylori in duodenal ulceration comes close to 
the standards recommended in that article [2-6]. 

Existing Studies Related to Eradication of H. pylori and Duodenal Ulcer 
Management 

Review of the data of the five major studies [7 -11] usually quoted to prove the 
beneficial role of eradication of H. pylori in the management of duodenal 
ulceration demonstrates the remarkably small number of patients that have been 
involved in these studies, confusion between eradication and clearance of 
H. pylori, and lack of comparison with the best existing strategy for the 
management of duodenal ulceration (full-dose H 2-blockade for acute ulcer 
healing, followed by low-dose maintenance treatment). Duodenal ulceration is a 
long-term illness, and any modern trial should involve follow-up for at least 1 
year. 

It is probably impossible for studies in this area to be performed under double
blind conditions. The different types of bismuth formulation which cause the 
darkening of stools during bismuth therapy, the need for multiple antibiotics in 
eradication regimens, and the necessary comparison with an H 2-blocker would all 
combine to produce such a complicated trial, if the "double dummy" technique 
were used, that compliance would be compromised inevitably. For these reasons, 
we believe that it is acceptable to reject the need for double-blind conditions - if all 
the end-points involved in a trial are verifiable by independent observers during 
later analysis. 

Recent studies at the Royal Free Hospital have demonstrated that the 
bioavailability of bismuth varies between the different formulations [12]. Two De
N oltabs contain 214 mg of bismuth, Pepto-Bismol 90 ml contains 897 mg of 
bismuth, and two Roter tablets contain 456 mg of bismuth - but only the De-
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Noltabs are associated with significant systemic absorption of bismuth. As the 
bioavailability of bismuth from the three compounds differs, it is important to 
define exactly which bismuth salt is used in any clinical study. The situation is even 
more complicated with the introduction of a range of bismuth-containing drugs of 
uncertain bioavailability and unreported clinical benefit in the Federal Republic 
of Germany. Does bismuth act as a luminal agent, or is systemic absorption 
necessary for either short-term or long-term benefit [13, 14]? 

Proposal for a Trial in Duodenal Ulceration 

To aid the discussion of the problems associated with the design of a trial to test 
the clinical benefit of eradication of H. pylori, we would like to propose the outline 
of a clinical trial for the management of duodenal ulceration using two different 
strategies for the eradication of H. pylori, in comparison with acute and 
maintenance treatment using H 2-blockade. 

Patients 

The trial should include all patients with duodenal ulceration presenting for 
endoscopy - except those treated with any of the trial drugs during the preceding 6 
months, those with plasma urea greater than 10 mmol/l, those who need 
maintenance treatment because of aggressive ulceration, and those unfit for a 
clinical trial. 

Clinical trials in peptic ulceration have often used a highly refined population of 
patients, to such an extent that final results bear little relevance to everyday 
clinical practice. Even this proposal suggests the exclusion of those patients who 
have had treatment with any of the trial drugs during the preceding 6 months -
obviously such an exclusion is necessary for people who have been exposed to 
certain bismuth-containing compounds, because of persistence of bismuth in the 
body [13]. However, such an exclusion may eliminate many patients, because of 
the widespread use ofH2-blockade by general practitioners. It may be reasonable 
to modify this exclusion criterion, eliminating patients who have been treated with 
bismuth in the preceding 6 months, and those who have received H 2-blockade 
during the preceding month. 

First Endoscopy ( - 7 Days to Day 0 of Trial) with Antral Biopsies 
for Histological Analysis 

The introduction of video endoscopy provides the opportunity for a remarkable 
improvement in this aspect of clinical trial management. For the first time the 
index endoscopy and follow-up endoscopies can be reviewed by independent 
observers, to ensure that only adequate duodenal ulceration is admitted to a study 
and to provide a later objective assessment of ulcer healing. This type of quality 
control could provide the independent end-points that would allow the study to be 
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performed without double-blind conditions. Antral biopsy specimens should be 
taken for histological analysis, allowing later independent assessment of H. pylori 
status and microbiological culture for in vitro sensitivity of H. pylori [14]. 

13C-Urea Breath Test ( -7 Days to Day 0) 

The 13C-urea breath test does appear to be the best-available test of active 
infection with H. pylori [14, 15]. It is suitable for use in all subjects without risk of 
radiation hazard, but it does have one problem - that of cost. Developments in the 
near future may reduce the cost by identifying the minimum oral dose of 13C-urea 
and the least number of breath samples that are necessary. Certainly, this 
technique is suitable for analysis by a central laboratory; containers of exhaled 
breath can be sent by post. 

Eight Weeks of Treatment with One of Three Regimens 

1. De-Noltab i q.d.s. plus antibiotics 
2. Pepto-Bismol tab i q.d.s. plus antibiotics 
3. Ranitidine 300 mg nocte 

It appears that bismuth alone achieves eradication in only a minority of patients 
infected with H. pylori and that the addition of an antibiotic regimen is necessary. 
Obviously, the final choice of the antibiotic will depend on the investigator, but at 
the present time the optimum regimen appears to be amoxycillin 250 mg t.d.s. 
with metronidazole 400 mg t.d.s. for 2 weeks [6]. It is planned that all patients will 
receive an acute course of treatment for 8 weeks, even if ulcer healing is 
demonstrated at 4 weeks. This is a reasonable strategy: first, in clinical practice at 4 
weeks the gastroenterologist has no idea which patients has healed, and it is only 
by 8 weeks that 95 % of ulcers can be expected to have healed; second, if some 
patients have 4 weeks of acute treatment and others have 8 weeks of acute 
treatment, it produces a doubling of a number of groups that enter the 
maintenance phase - thereby increasing the total number of subjects required for a 
confident discrimination between the groups at the various end-points. Com
pliance can be a problem in any medical treatment but the use of alarm wrist 
watches, which can be preprogrammed to sound at fixed intervals during the day, 
should encourage regular medication. 

Second Endoscopy (Day 24-32) and Possible Third Endoscopy (Day 52-60) 

The purpose of this endoscopy is to document the state of the duodenum in terms 
of ulcer healing and also to provide antral biopsy specimens for histological 
assessment of clearance of H. pylori. Patients unhealed after 28 days of treatment 
will be subjected to further endoscopy at 56 days - continued lack of ulcer healing 
at that stage would result in the patient being withdrawn from the trial. 
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All Healed Patients Enter Follow-Up Phase (Week 0-52) 

This phase of the study would be managed entirely by the post, with the patient 
never having any direct contact with the investigator. Once a fortnight each 
patient would receive a letter and diary card: he or she would maintain a daily 
record of ulcer symptoms, and be asked each fortnight to confirm one of two 
statements: 

Either: "My duodenal ulcer is causing me little or no trouble, and I am happy to 
continue with the study." 

Or: "My duodenal ulcer is causing me so much trouble that I wish to 
withdraw from the study." 

The patients in the ranitidine group would receive further ranitidine 150 mg 
tablets each fortnight and be advised to take one tablet every night; the remaining 
patients would receive no maintenance treatment. 

Boyd et al. [16] have shown that in the long-term management of duodenal 
ulceration, the intermittent endoscopy of asymptomatic patients identifies what is 
probably irrelevant asymptomatic ulceration - and it is much more valuable to 
measure success in long-term ulcer treatment by an assessment of symptoms. 

The proposed design allows the patient to withdraw from a study at any time 
during 1 year of follow-up, which will allow the analysis of success or failure in 
terms of the symptomatic management of peptic ulceration. 

13C-Urea Breath Test (Week 3-5) 

All patients should be recalled for a 13C-urea breath test approximately 1 month 
after cessation of the original 2-month course of treatment, to determine 
eradication of H. pylori infection. 

Final Endoscopy (Treatment Failure or Week 52) 

All patients should undergo a final endoscopy either at the time of symptomatic 
relapse or at the end of 1 year of follow-up. This endoscopy will allow examination 
of the duodenum for assessment of either symptomatic or asymptomatic 
ulceration, and will also allow a final antral biopsy to assess eradication of 
H. pylori. 

13C-Urea Breath Test (Treatment Failure or Week 52) 

The final 13C-urea breath test will determine whether there is persisting infection 
with H. pylori or reinfection after initial eradication. 
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Trial End-Points 

This study provides six independent end-points for the comparison of the three 
trial regimens: 

1. Relief of acute symptoms (days 0-56) 
2. Cumulative acute ulcer healing at day 28 and day 56 
3. Cumulative H. pylori clearance at day 28 and day 56 
4. H. pylori eradication at week 4 and end of trial (biopsy and 13C-urea criteria) 
5. Long-term treatment success: symptom relief, symptomatic ulceration, and 

asymptomatic ulceration (life-table analysis) 
6. Adverse events and complications 

Calculation of Statistical Significance 

A large number of patients will be required to achieve a statistically significant 
analysis of the final result, because of the very high success rates that can be 
anticipated in the group receiving ranitidine: cumulative duodenal ulcer healing 
with ranitidine 300 mg nocte is 84 % at 4 weeks and 95 % at 8 weeks [17]; after 1 
year of maintenance treatment with ranitidine 150 mg nocte, approximately 90 % 
of patients can be expected to be symptom-free and 80% ulcer-free (the 10% 
difference is due to the detection of asymptomatic ulceration at the week 52 
endoscopy) [16]. Thus, the end-points for the ranitidine strategy range between 
80 % and 95 %. If the average end-point is 85 %, to achieve a four-in-five chance of 
detecting a significant minus 10 % difference with another treatment (75 %) needs 
587 patients in each group, and to have a four-in-five chance of detecting a 
significant plus 10% benefit (95 %) requires 500 patients in each group. Hence, the 
proposed three-arm study should aim to enrol 1761 duodenal ulcer patients, and 
even that number does take account of losses due to protocol violation. Similarly 
large studies have been performed in peptic ulceration - but these calculations 
demonstrate the problem of proving "no significant difference" between an 
established effective treatment and a new management strategy. 
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Treatment of Helicohacter pylori Infection: a Comment 

M. DELTENRE 

Thanks to the results of therapeutic trials Helicobacter pylori is known to be a 
prominent factor in the development of chronic active gastritis and the recurrence 
of duodenal ulcers. 

Acute achlorhydric gastritis may be the first manifestation of H. pylori-related 
diseases, but no controlled trial is currently available about the impact of any 
treatment during the invasive phase which may be overlooked because of the 
absence of severe symptoms. 

Obviously, recurrent duodenal ulcer (DU) is a multifactorial disease, but 
H. pylori is now recognized as a key factor; the suppression of H. pylori might 
accelerate the healing of the ulcerous lesion, but the most important fact is the 
striking reduction of the relapse rate ofDU after H. pylori eradication, as proven 
by several independent studies. Relapse rates of DU after H. pylori eradication 
vary between 6% and 25%, and the mean relapse rate (around 15%) approaches 
the long term relapse rate after selective vagotomy. In this respect, a prospective, 
randomized study comparing H2 blockers maintenance treatment and H. pylori 
eradication would be useful. 

As fas as non ulcer dyspepsia (NUD) (or perhaps should we say idiopathic 
dyspepsia) is concerned, A.T.R. Axon pointed out that among NUD patients the 
prevalence ofHP is approximately 20% higher than in normal individuals (age
matched blood donors), and varies with age, race, and social condition. There is 
no specific symptomatic profile of H. pylori-positive NUD, and the majority of 
H. pylori carriers with gastritis are asymptomatic. The symptomatic benefit of 
H. pylori suppression or eradication in NUD remains controversial. Because of 
randomization, very few H. pylori-positive patients have been treated with active 
drugs. Moreover, the respective role of H. pylori suppression versus other 
potential actions of the treatment on the symptoms is not clearly precised. A sharp 
definition of NUD, a convenient scoring technique for symptomatology, and 
long-term follow-up are needed to answer those questions. 

Nevertheless, the problem of eradication has not been solved; despite a large in 
vitro sensitivity of H. pylori to many antibiotics, monotherapies have been shown 
to be ineffective. Tritherapies were shown to H. pylori, but brought an unaccept
able rate of intolerance and side effects. Various bitherapies with amoxycillin, 
nitrofurans, Tinidazole, metronidazole, or bismuth salts are successful (60 %-
80% eradication rate). A 1-week course seems to be equivalent to 4 weeks 
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treatment and successive therapy reveals no advantage. An interesting trial from 
Brazil suggests that a short course oftritherapy could be useful. The possible roles 
of topical or intermittent therapy and urease inhibitors have not been discussed. 
Potentialization of amoxycillin by omeprazole remains an open question and 
many problems have not been solved, e.g., compliance or reinfection rate (6% 
within 6 months according to G. Borsch, see p. 441). 

One of the most important questions is the induction of H. pylori resistance to 
antimicrobial drugs. Posttreatment resistance to tinidazole or metronidazole has 
been confirmed as well as induced resistance to quinolones. Pretreatment 
resistance to tinidazole has been also clearly described, showing the necessity for 
testing sensitivity before therapy. 

Why is there no eradication of H. pylori with drugs to which H. pylori is and 
remains sensitive? All forms of bismuth salts are found to be equivalent for in vitro 
H. pylori susceptibility, but local concentration of the therapeutic agent (for 
instance amoxycillin) ont the gastric mucosa is important. Bismuth sub-salicylate 
(BSS) is absorbed less than colloidal bismuth subcitrate (CBS) and may 
apparently suppress better, but might be inferior to CBS q.i.d. in terms of 
eradication. Finally, the (controversial) description of coccoid forms, perhaps 
induced by antimicrobials but possible also by antacids or H2 blockers, might be 
an elegant explanation for early reactivation after transient suppression. 

As far as toxicity of bismuth salts is concerned, there is no accumulation of CBS 
or BSS (single dose, 4- and 8-week courses) in the antroduodenal mucosa or 
gastric mucus. Bismuth is cleared rapidly from the stomach, but after 4 or 8 weeks 
of treatment, a reversible increase in plasma bismuth concentration has been 
observed, also in children. The risk of tissular accumulation is not clearly 
evaluated. Nobody can yet answer the question of treatment for infected children. 
One may speculate about the prevention of future DU disease or even gastric 
cancer, but so far there is no clear demonstration of any positive effect of 
eradicating H. pylori in those fields. For NUD, the question is at least as difficult 
here as in adults and the natural evolution of infection during childhood remains 
unknown. 

In conclusion, the eradication of H. pylori seems to be a very reasonable way to 
reach a definitive cure of DU disease. Short term bitherapy could be a solution, 
but primary or acquired resistance must be carefully checked. For NUD, long 
term, randomized, placebo-controlled studies are needed, since there is so far no 
proof that the eradication of H. pylori and subsequent healing of chronic gastritis 
would be beneficial in terms of symptoms. 



Perspectives 



Helicohacter pylori: Future Direction in Research * 
D.Y. GRAHAM 

Introduction 

My task is to synthesize the material of current knowledge, integrate the new 
information into what is known, and to identify areas that appear most productive 
for additional research. I envision research as occurring in two broad categories. 
The first category is forefront research, defined as efforts riding the crest of the 
current wave of technology and ideas; the second I term "puddle" research. This is 
research done after the wave is receded; even then we find small tidal pools full of 
interesting questions, by analogy starfish and urchins. It is often from such 
puddles that the impetus for the next wave of research comes. One form of 
research is not better than the other and most do both. 

The field of Helicobacter pylori research is rapidly maturing. Much of the 
research that we hear and see reported at meetings such as this, confirms what we 
already think we know. Usually close insection of what we "know" reveals that 
there are many major gaps in our knowledge. There are now sufficient data to 
allow us to make many projections that should come very close to the mark. At the 
same time, there are a number of areas of research that remain largely unaddressed 
but are becoming sufficiently defined so that they can be tackled in an organized 
fashion. 

I will divide my article into two parts with some overlap. I will discuss those 
things that I know (or I think that I know) and those items that I do not know but 
would like to. The latter exercise is designed to uncover areas for fruitful 
investigation. I recognize that not all will agree with the tenets and hypotheses that 
I will enumerate as they often represent synthesis and projections of data from a 
variety of sources. Thus, while some of the ideas and concepts outwardly will 
appear clean and crisp, they may not be based upon firm underpinnings. 
Nevertheless that is what I have been asked to attempt and I will start with the 
areas of epidemiology and transmission. 

* This work was supported by the Department of Veterans Affairs, by grant DK 39919 from the 
National Institute of Diabetes and Digestive and Kidney Diseases, and by the generous support 
of Hilda Schwartz. 

Departments of Medicine and Molecular Virology, Veterans Affairs Medical Center and Baylor 
College of Medicine, Houston, Texas 

Helicobacter pylori, Gastritis and Peptic Ulcer 
Edited by P. Malfertheiner and H. Dltschuneit 
© Springer-Verlag Berlin Heidelberg 1990 



464 D.Y. Graham 

Epidemiology and Transmission 

The epidemiology of H. pylori infection appears to parallel quite closely that of 
other enteric infections known to be transmitted by the fecal-oral route. The 
closest current parallel is with the epidemiology of hepatitis A (HAV) infection [7]. 
We believe the age-specific frequency of anti-HA V antibody in a population 
provides a reasonable gauge of fecal-oral exposure and predicts the age-specific 
rate of onset of H. pylori infection in that population, i.e., rapid, intermediate, or 
slow. To date, this hypothesis has been proven correct. 

Study of the factors previously found to be important in the epidemiology of 
gastritis, of hepatitis A, and of poliomyelitis (before the introduction of polio 
vaccine), all of which are essentially identical, should form the framework for 
studies of the epidemiology of H. pylori [7]. Details concerning the factors that 
should be important such as socioeconomic status, sanitation, housing density, 
ethnic group, etc., need to be addressed and verified. Recent knowledge and 
concepts suggest that testing sera obtained from uncharacterized populations for 
anti-H. pylori antibody will provide little new data, insights, or understanding. 
Studies need hypotheses rather than "I wonder what the frequency of H. pylori 
antibody is in a population." Previous H. pylori correlations need to be reassessed 
as the marked differences in frequency of H. pylori infection between socioeco
nomic classes and ethnic groups were not taken into account. For example, the 
reported possible increase in prevalence of Hy. pylori infection in abattoir workers 
may have been an artifact based upon unrecognized differences between groups 
that were compared [20]. 

One particularly striking finding is that the motile spiral form of H. pylori can 
survive for at least 1 week in river water. This finding increases the likelihood that 
transmission of H. pylori is fecal-oral. The relevance of the observation that 
coccoid forms can survive in river water for 1 year or more is unknown as, in my 
opinion, they are unlikely to be infectious for man. The rapid turnover of the 
gastric epithelium probably precludes their prolonged residence in the stomach, 
although they may be responsible for some instances of early relapse. 

Diagnostic Tests 

I believe there have been a few genuine advances in the area of diagnostic tests. The 
currently available major tests for the diagnosis of H. pylori infection were 
developed soon after the problem of cultivating the organism was solved. These 
tests have proven to be robust, i.e., they can withstand considerable change and 
still provide reasonably accurate information. A number of minor modifications 
of culture methods, of the biopsy urease test, and of the breath test were presented. 
Each modification was attempted with the aim of "simplifying" or "optimizing" a 
diagnostic test. In reality such modifications or adaptions are those particularly 
suited for an individual laboratory or country but usually they do not represent 
general advances. Data predicting the reported "advance" was often present 
within the graphs and tables of previous publications. For example, in the urea 
breath test, the rate of hydrolysis of urea is linear over a considerable time [8]. The 
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choice of timing and the number of samples to be taken may seem quite arbitrary 
as more information is present in the test than is collected. One simply must decide 
how much information one needs to balance cost and patient and technician time 
against overall accuracy. For example, the potential gains by eliminating one or 
two samples must be compared with how much one might lose. The duration of 
our current 13C-urea breath test is 1 h [15]. Although it is clear from our published 
data that one breath sample following substrate ingestion would be the minimum 
required, we know that to do so would reduce the accuracy of the test slightly by 
increasing the rate of the false-positive results. This knowledge is based on the 
performance of hundreds of tests in all age groups. Improvements do not come 
easily. 

Another good example is the biopsy urease test. Changes in the recipe for biopsy 
urease tests continue to be introduced as "improvements" while the most 
important parameter is probably the size of the biopsy specimen and not the actual 
ingredients. Most do not even attempt to take the biopsy size into account. In 
addition, biopsy urease tests require fiber-optic endoscopy and, as the availability 
of accurate serologic tests and breath tests increases, endoscopy may soon be 
relegated to the status of a second-line diagnostic test. 

Considerable work continues in attempting to grow large quantities of H. pylori 
in liquid media. Some progress has been made; more is required. 

The discovery that a commercial monoclonal antibody directed against 
Campylobaeter jejuni was useful in identifying H. pylori in paraffin-fixed tissue 
was, in my opinion, a significant advance [2]. The number of bacteria that must be 
present before special stains, such as the Warthin-Starry stain, are definitely 
positive is quite high, limiting the usefulness of histology for determining whether 
the infection has been eradicated. Theoretically, immunohistochemical stains 
using the monoclonal antibody would allow identification of a much lower 
bacterial load and increase the usefulness of histology for determining whether 
therapy has been truly successful. The commercial availability of the monoclonal 
antibody should lead to rapid and widespread testing of its actual usefulness. The 
potential problem of cross-reactivity with C. jejuni subsp. doylei will also need to 
be addressed. 

Pathophysiology of Duodenal Ulcer Disease 

Most now believe that H. pylori plays a critical role in the development of 
duodenal ulcer disease [6]. The extent of gastric metaplasia in the duodenal bulb is 
becoming widely recognized. Many previous studies were done without acknowl
edging that the duodenal bulb in a patient with duodenal ulcer disease is both 
structurally and functionally different from one in a normal individual. For 
~xample, in duodenal ulcer disease the surface area of villus mucosa of the bulb is 
decreased as a variable proportion of the mucosa is gastric and not intestinal. We 
have also rediscovered and confirmed that areas of gastric metaplasia in the bulb 
are capable of producing acid [1]. It is unknown how many of the previously 
described abnormalities in duodenal function are due to H. pylori-induced 
differences in bulb anatomy and physiology. In addition, we do not know the 
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degree to which these changes are reversible, but preliminary evidence suggests 
that they are reversible, at least partially [6]. Previously reported abnormalities in 
bulb function, such as abnormal bicarbonate secretion in duodenal ulcer disease 
[16], will need to be reinvestigated following eradication of the H. pylori infection. 

The newest information relates H. pylori infection and antral gastrin release. It 
is now clear that meal-stimulated gastrin release is exaggerated in patients with 
H. pylori infection. This abnormality is seen in both asymptomatic individuals 
and in patients with duodenal ulcer. Several laboratories, including our own, have 
shown ablation of this exaggerated gastrin release following treatment designed to 
eradicate the infection. Gastrin is a trophic hormone for parietal cells. Exagger
ated meal-stimulated gastrin release has been previously postulated to be 
responsible for the increased number of parietal cells characteristic of patients 
with duodenal ulcer disease. This hypothesis can now be tested by measuring the 
number of parietal cells before and after eradication of H. pylori infection in 
patients with duodenal ulcer. Such studies are under way in a number of 
laboratories. 

Areas Needing Additional Work 

Virulence Factors 

There is a considerable amount of work being done on putative virulence factors 
[10]. Proof that a suspected virulence factor has such a function in vivo is difficult 
without a good animal model as the traditional method of proof is to compare the 
effect of challenge with a strain with the factor with one lacking it. The importance 
of motility has been strongly suggested by studies in the gnotobiotic pig [3]. The 
fact that H. felis infection of the mouse leads to gastritis complete with a 
polymorphonuclear response suggests that it will be a good model for evaluation 
of various putative virulence factors, although it is not clear that the interactions 
of H.felis and the mouse will be directly transferable to man. A better model may 
be H. pylori in the germ-free puppy but only the actual experiments will decide. 

Catalase, which possibly provides protection from leukocyte-derived oxygen 
metabolites, and urease-negative strains of H. pylori have been described although 
it is not clear that lack of these enzymes is a stable property of the strain. For 
example, we infected an H. pylori-negative chimpanzee with a urease-negative 
strain of H. pylori and later recovered urease-positive organisms from the animal. 
Several groups have now cloned the H. pylori urease gene and will be able to 
produce definite urease-negative mutants by deletion or site-specific mutagenesis 
of the urease gene followed by homologous reconstruction. It should soon be 
possible to directly evaluate the importance of urease as a virulence factor without 
the confounding variables associated with mutants that are otherwise 
uncharacterized. 

The possible damaging role of ammonium ion produced by urease has been 
questioned on a number of grounds. For example, the urease-producing H.felis 
colonized the cat stomach but without histologic abnormalities and ammonium is 
used to load tissue culture cells with hydrogen ion without damaging effect [18]. 
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The oral administration of ammonium chloride is not known to be associated with 
any particular gastric damage and ammonium chloride has a long history as a 
drug. Stuart Hazell suggested that formation of chloramines by the interaction of 
ammonium ion and neutrophils may be the mechanism by which urease becomes a 
virulence factor promoting mucosal damage [12]. Normally, ammonium ion 
produced by urease hydrolysis of urea would react with gastric acid from the 
relatively nontoxic product, NH4Cl. In the chloramine model, interaction with 
neutrophil-produced hypochlorous acid with ammonium ion would produce the 
mono-N-chloramine, NHzCl which is toxic to the mucosa and should also be toxic 
to the bacteria [11]. H. pylori catalase might reduce the amount of neutrophil
produced HzOz in the vicinity of the bacterium and thus protect it from the 
damaging effects ofNHzCl. In contrast, the chloramine would be produced in the 
region of the polymorphonuclear leukocytes and might damage them preventing 
them from successfully evicting the bacteria. Studies evaluating the sensitivity of 
H. pylori would be of interest. The intriguing suggestion concerning the possible 
role of mono-N-chloramine in urease-related toxicity Cleserves further evaluation. 

A toxin that produces nonlethal vaculation of cells in tissue culture has been 
described and several laboratories are working toward understanding whether it is 
a laboratory phenomenon or has some relation to disease. One criterion for in vivo 
production of the proposed virulence factor is the presence of antibody to it in 
infected individuals. This has been described for the vaculating toxin. An 
association with disease can be shown by demonstration of the toxin, or toxin
producing strains, in patients with the disease (e.g., duodenal ulcer) and not in 
infected but asymptomatic individuals. Studies in gnotobiotic piglets did not 
confirm a pathogenic role for the toxin [3]. Studies are under way in several 
laboratories comparing the frequency of antibody against the toxin in H. pylori 
infected patients with and without ulcer disease. 

Serologic Tests 

There is considerable need for additional work in the area of serologic testing. It 
has been demonstrated that serologic tests using crude antigens, although 
validated in developed countries, do not provide reliable data in developing 
countries (and also probably not in some populations in the developed country) 
[17]. It has been suggested that such tests must be standardized for each 
population and the failure to do so may lead to a very high frequency of false
positive results [17]. We have had the opportunity to compare the results of our 
second generation ELISA [4] with the results of a first generation test that used 
crude H. pylori lysates as antigens. We were able to confirm that the first 
generation test yielded a poor positive predictive value when used in populations 
from developing countries (unpublished observations). 

Serologic tests based on defined antigens with no known cross-reactivity are 
needed. One candidate is to base tests on the high molecular weight cell-associated 
antigens of H. pylori [4]. Other antigens are needed as one would feel more 
comfortable relying on the results of two tests that used entirely different antigens 
to confirm the diagnosis of H. pylori infection. Another possible candidate 
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antigen is the fibrillar hemagglutinin (adhesin) of H. pylori but this will not be 
possible until the full range of antigenic types of the adhesin is known [5]. 

It has been suggested that the combination of positive anti-H. pylori IgG and 
IgA yields increased specificity [19]. Studies using immunoblots have not 
confirmed that hypothesis and it seems unlikely that such an approach will lead to 
improved positive or negative predictive value [21]. Current tests for an IgA, IgM, 
or IgE response have not used techniques such as antibody capture to overcome 
the problems encountered because of the presence of a large excess of serum IgG 
directed towards the antigens in question [19]. Such modifications should increase 
the specificity and sensitivity of detection of such antibodies. 

One hopes that the European Helicobacter Study Group will take on the task of 
developing standardized reagents for the serologic testing of H. pylori. 

Therapy to Eradicate H. pylori Infection 

We clearly need improved therapy to eradicate H. pylori infection. Although 
considerable work has been done in the area of therapy during the past 2 years, no 
breakthroughs have yet been either identified or confirmed. Current therapies 
have been associated with side effect rates of 7%-10%. The relatively high 
frequency of side effects must be reduced if we are to recommend widespread use 
of anti-H. pylori therapy in diseases for which we already have safe and effective 
therapies. The use of omeprazole to block acid secretion may simplify therapy by 
eliminating low pH as a barrier to effective antibiotic therapy. 

What Is Happening in the Stomach and Why? 

Here I will pose questions for which I would like to know the answers. What is 
happening in the stomach and duodenum? What virulence factor(s) causes the 
inflammatory response? Is it preventable? How does the infection usually begin -
abruptly, slowly, or both? We have only limited data from two human challenge 
studies and from a few examples of iatrogenic infection. We do not have a clear 
idea of how the disease starts, how it progresses, or what governs the pattern of 
spread. We also do not know the pattern of reinfection or relapse. The latter is 
easier to study because many laboratories are following groups of patients after 
attempted eradication of H. pylori. Our impression is that relapse appears slowly 
as if the bacteria have difficulty in reestablishing the high level of infection present 
before treatment. Similarly, in the months following onset, the disease seems to 
wane as both the distribution and number of bacteria decrease as does the 
inflammatory response. What are the patterns of disease onset? What mechanism 
is responsible for the waning of the infection? How much of the control of the 
infection is humoral (e.g., antibodies neutralizing secreted toxins) and how much 
cellular? Which cells? 
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How Is Progress Made? 

In general, progress is made using little data and considerable insight. This 
synthesis of available data leads to a projection about "how things really are." 
Such a projection, formally called a theory, is often presented as a fact. For 
example, several recent theories are that the age-of-acquisition of an H. pylori 
infection determines the clinical spectrum of the disease or diseases that result [9], 
and that the epidemiology of H. pylori closely parallels that of hepatitis A 
infection [7]. A good theory leads to testable hypotheses which ultimately serve to 
confirm, refute, or modify the theory. A good theory, even if ultimately proven 
wrong, relates many previously disparate facts so clearly that one wonders why 
they had not made the same synthesis earlier. Many ideas and theories will be 
found to be rediscoveries. For example, my concept of the urea breath test came in 
a flash of understanding while I was acting as a reviewer of the manuscript of 
Hazell et al. [13]. We subsequently found that the urea breath test was a 
rediscovery of concepts that were well described in the past, only to have been lost 
[15]. As Thomas Carlyle said, "All that mankind has done, thought, gained or 
been: it is lying as in magic perservation in the pages of books. " How much more is 
simply waiting for us in the library! We must also remember to acknowledge our 
intellectual debts for concepts and theories gained from the work of others. 
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