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Preface 

In 1987, a group of researchers interested in the field of Campylobac­
ter pylori and gastroduodenal pathology organized a meeting in 
Copenhagen to present and to discuss the current research and 
findings on the subject. 

This informal meeting was the start of the European Campylo­
bacter Study Group (ECSG). When 3 years later,the name Campylo­
bacter was changed to Helicobacter the name of the group changed 
to EHSG. From its very start this working party has been a 
multidisciplinary group with the aim of stimulating research on the 
role of H elicobacter in animal and human pathology. One of the 
group's commitments is an annual International Workshop: the first 
official workshop was held in 1988 in Bordeaux, France, and the next 
two followed in 1989 and 1990 in Ulm, Germany, and Toledo, Spain. 

The EHSG has published the proceedings of these workshops, 
collecting the new data which are generated each year. This third 
proceedings book has been named "Helicobacter pylori and Gastro­
duodenal Pathology". 

We have introduced new sections in this volume dealing with 
malignancies and disease in children. Other sections have main­
tained their titles, but they contain new data and also give informa­
tion on original methods or approaches in basic research and 
practical clinical applications. It is not unusual for proceedings 
volumes to present data and hypotheses which have not yet been 
validated at the time of publication. The editors support this idea, 
and feel that the publication of preliminary data will help to 
stimulate the interchange of ideas between the scientists involved. 

The workshops and the proceeding are the result of the scientific 
contributions, the suggestions, and continuous cooperation of the 
European Group. The financial support of pharmaceutical and 
commercial companies is gratefully acknowledged. We also wish to 
express our most sincere appreciation and thanks to the authors, 
who have contributed their manuscripts to create this book. 

July 1992 The Editors 
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Helicobacter pylori Detection by Polymerase Chain 
Reaction of the Gene Encoding 16S Ribosomal RNA in 
Fresh and Paraffin-Embedded Material 

S.A. Hol, F.A. Lewisl, D.A. Secker2, D.S. Tompkins2, G.R. Taylor3, 

J.I. Wyatt4, M.F. Dixon!, and P. Quirkel 

Introduction 

The emergence of Helicobacter pylori as an important aetiological agent in 
gastroduodenal disease has led to the introduction of many methods for the 
detection of this organism. Current methods for H. pylori detection can be 
divided into two main categories, endoscopic and non-endoscopic. Endoscopy 
provides biopsy specimens for subsequent culture [3], histology [5], in situ 
hybridisation [20] or rapid urease testing [10]. The non-endoscopic techniques 
include serological tests [12] and the l4C or 13C breath tests [4, 23]. All of 
these techniques are unsatisfactory because they are insensitive to low bacterial 
densities and cannot identify "non-culturable" coccoid forms of H. pylori. 
Research has been hampered through the lack of a sensitive assay and the 
invasive nature of the best methods, and thus many key questions remain 
unresolved. The development of an extremely sensitive technique which can be 
applied to a wide variety of materials (including saliva or faeces), may allow the 
sources and routes of transmission of H. pylori to be elucidated. 

The polymerase chain reaction (PCR) is a revolutionary technique for 
amplifying minute quantities of nucleic acid. The nature of amplification is 
extremely sensitive and precise, allowing millions of copies of a highly specific 
area of DNA or RNA to be replicated from amongst large chains of nucleic acid 
such as the human or bacterial genome. Amplification only occurs when the 
target nucleic acid sequence is present. Thus PCR has proved to be invaluable 
for identifying the absence or presence of specific gene sequences and has formed 
the basis of many diagnostic tests. 

The gene encoding 16S ribosomal RNA (rRNA) was selected as a specific 
target for PCR. This was because it fulfilled several important criteria. The 16S 
rRNA gene is not transferred between bacteria. The availability of data demon­
strating areas of greatest dishomology on 16S rRNA sequences between 
H. pylori and closely related bacteria eased the task of designing specific 
oligonucleotide primers. Most importantly, H. pylori was recently established as 
a new and separate genus based in part on 16S rRNA studies which showed that 
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significant sequence differences existed between H. pylori and its closest rela­
tives [8,15,.18,19]. In addition, "universal" sequences are present to which PCR 
primers could be targeted to act as a positive control. This would eliminate false 
negatives arising from inhibition of amplification, which is a problem encoun­
tered particularly with paraffin-embedded tissue blocks [9]. Specificity can be 
obtained using 16S rRNA. A synthetic oligonucleotide probe complimentary to 
this gene has recently been described for specific detection of H. pylori [11]. 

The urease gene was not utilised because, until recently, sequence informa­
tion has been limited, especially concerning other urease producing bacteria. 
Specific primer design may have been difficult since DNA probe hybridisation 
analysis has revealed that urease genes exhibit conserved sequences among 
phylogenetically distant Gram-negative bacteria [1]. Particular difficulty may 
be encountered in the amplification of closely related urease producers such as 
H elicobacter mustelae, H elicobacter felis or other gastric organisms such as 
Gastrospirillum hominis. 

This paper describes the development of a PCR for the highly sensitive and 
specific detection of H. pylori utilising the gene encoding 16S rRNA. 

Materials and Methods 

Design of Oligonucleotide peR Primers 

Universal Primer Design 

Two sets of "universal" primers were synthesised from highly conserved areas on 
the 16S rRNA sequence. These primers possess a broad specificity for a wide 
range of eubacteria. The fragment lengths amplified were 124 bp (U1 : U2) and 
992 bp (U1 : U3) (Table 1). 

Design of H. pylori-Specific Primers 

Published sequences for H. pylori and its closest relatives (Campylobacters and 
Wolinella succinogenes) were compared, and regions where their 16S rRNA 
sequences are highly dishomologous were identified [8, 15, 18, 19]. Particular 
attention was paid to areas ofthe 16S rRNA sequence where H. pylori is highly 

Table 1. Primer sequences 

Primer 

U1 
U2 
U3 
Hpl 
Hp2 
Hp3 

Sequences (5'-3') 

CGG TTA CCT TGT TAC GAC TT 
CCT TGT ACA CAC CGC CCG TC 
CAG CAG CCG CGG TAA TAC 
CTG GAG AGA CTA AGC CCT CC 
ATT ACT GAC GCT GAT TGT GC 
AGG ATG AAG GTT TAA GGA TT 

Region of 16S rRNA 
compared with E. coli 

1491-1510 
1386-1405 
518-535 
834-853 
744-763 
407-426 
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dishomologous to W. succinogenes. This was because W. succinogenes was the 
closest relative of H. pylori from which 16S rRNA sequences were available at 
that time [19]. Region 834-853 of the 16S rRNA sequence was found to be 
suitable for designing an H. pylori-specific primer. This primer was called Hp1 
(Table 1). 

In the region 834-853, nine bases are found in H. pylori which do not occur 
in the other closely related organisms: there are 13 base differences between 
H. pylori and Escherichia coli and ten base dishomologies between H. pylori and 
W succinogenes. In addition, there is one deletion present in E. coli, 
W. succinogenes and the Campylobacters which is not present with H. pylori. 
Hp1 produces an amplification PCR product of 335 bp when used in conjunc­
tion with U3. 

A second H. pylori-specific primer, called Hp2 (Table 1), was designed in 
order to eliminate weak amplification products produced by Hp1 : U3. Areas of 
greatest mismatch of H. pylori with Campylobacter laridis, Campylobacter jejuni 
and Campylobacter coli were identified. Region 744-763 was found to be highly 
dishomologous to these organisms. Sequence information concerning 
H. mustelae and H. felis was not available at this time. A PCR product of 109 bp 
was amplified by Hp1 : Hp2. 

A third primer (Hp3) was designed for nested PCR [14, 17] (Table 1). 
Primer Hp3 was targeted to a further area of dishomology (407-426) on the 
16S rRNA sequence. 

Bacteria Tested 

DNA was extracted from the following bacteria: a human clinical isolate of 
H. pylori, H. mustelae (F1 and F8 isolated by Dr. D.S. Tompkins), "c. cinaedi" 
(Seattle 48), C. fetus subsp.fetus (NCTC 10348), C. laridis (NCTC 11352), 
C.jejuni (NCTC 11168), C. coli (NCTC 11353), C. sputorum subsp. sputorum 
(NCTC 11528), E. coli (JM 101) and W. succinogenes (NCTC 11488). DNA was 
qualitatively assessed by 0.7% agarose gel electrophoresis and quantitated using 
the TKO-100 dedicated mini-fluorometer (HSI) and the fluorochrome Hoescht 
33258 (Polysciences). 

DNA Extraction 

Bacterial colonies were suspended in 567 ttl Tris-ethanol buffer in an Eppendorf 
tube with a flamed inoculating wire loop. To this was added 30 III 10% Sodium 
dodecylsulphate (SDS) (Sigma) and 3 III (2 mg/100 Ill) proteinase K (Bethesda 
Research Laboratory). After thorough mixing, the tube was incubated at 37°C 
for 1 h in a water bath. Then 100 illS M NaCI and 80 III hexadecyltrimethylam­
monium bromide (CTAB) were added and the tube incubated for a further 
10 min at 65°C. The contents were then extracted with an equal volume of 
chloroform/isoamyl alcohol [24], spun at 9000 g in a microcentrifuge for 3 min 
and the aqueous layer transferred to a fresh Eppendorf tube. Two further 
extractions were performed using phenol/chloroform/isoamyl alcohol followed 
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by chloroform/isoamyl alcohol. Isopropanol was added (0.6 vol) to precipitate 
the DNA at - 20°C. The DNA was collected by microcentrifugation at high 
speed (16000 g), washed with 70% (vol/vol) ethanol and briefly desiccated 
before being dissolved in 100 III of molecular biological grade water (BDH). 
Quantitative analysis of the extracted DNA was performed using the TKO-toO 
dedicated mini-fluorometer (HSI) and the fluorochrome Hoescht 33258 (Poly­
sciences), and a 0.7% agarose electrophoresis gel stained with ethidium bromide 
was used for qualitative analysis. 

Preparation of Coccoids 

A suspension of the non-culturable coccoid form of H. pylori was kindly 
supplied by Dr. H. Oosterhom (Gist-Brocades, Holland) and DNA extracted 
by the method described. 

DNA Extraction from Paraffin-Embedded Material 

A proteinase K, SDS extraction protocol was used, modified by an increased 
proteinase K incubation time of 5 days as described previously by Jackson et 
al. [6]. To avoid the problems of DNA contamination, the microtome blade was 
cleaned with xylene before and after cutting, and a negative control was also 
"extracted" alongside the samples to exclude contamination. DNA was assessed 
as described before and then amplified by PCR. 

Preparation of Faecal Suspensions Seeded with H. pylori 

A paediatric clinical specimen was selected since it was less likely to harbour 
H. pylori than an adult sample. The faecal sample was emulsified in saline (1 : 1) 
in order to obtain a consistency which could be measured using 1.0-ml plastic 
tips. Using 0.7 ml aliquots of the faecal sample in sterile plastic 1.0-ml cryovials 
(Nalgene Cryoware) ten fold serial dilutions of known quantities of H. pylori in 
0.3 ml Brucella broth containing 5% fetal calf serum were added. Also, 0.3 ml 
plain Brucella broth was added to an extra tube to act as a negative control. 
DNA was then extracted with the protocol utilising CT AB before analysis by 
PCR. 

PCR Reaction Conditions 

PCR was performed in 0.5 ml Eppendorftubes in 50-Ill reaction volumes; 1 III of 
each oligonucleotide primer was aliquoted (50 pmol/Ill for each primer) in an 
Eppendorf tube and dried in a vacuum desiccator before the addition of: 5 III 
toXPCR buffer (500 mM KCI, toO mM TRIS-CI, 15 mM MgCI 2 , 0.1 % (w/v) 
gelatin pH 8.3), 8 III dNTP mixture (final concentration of 1.25 mM dATP, 
dCTP, dGTP and dTTP : BRL or Pharmacia), 2.5 U Taq DNA polymerase 



H. pylori Detection by peR 7 

enzyme (Promega) and distilled water (BDH) and finally 1 JlI of the extracted 
DNA sample. Liquid paraffin was then added (40 JlI) to seal the reaction 
mixture, and the tube was then placed in a programmable thermal cycler 
(Grant: Autogene}. The temperature profile was: 30 s at 95°C, 30 s at 55°C or 
60° and 30 sat n°e. The final cycle used an extended period at noc (5 min), 
and the mixture was subsequently refrigerated at 4°C before analysis. The 
number of cycles was 20, 30 or 40. For nested PCR, 25 cycles were used for each 
set of primers. PCR amplification products were analysed by 2% agarose gel 
electrophoresis stained with ethidium bromide. 

Assessment of Sensitivity 

H. pylori DNA were amplified in ten fold serial dilutions with Hpl : Hp2 from a 
concentration of 1 ngj Jll-l fgj Jll. The thermal profile employed 40 cycles and an 
annealing temperature of 60°e. Similarly for nested PCR, Hpl : Hp3 were used 
for the first reaction followed by Hpl : Hp2 to amplify 1 JlI reaction product 
from the initial PCR. 

Results 

Universal Primers. Amplification fragments of 124 bp and 992 bp were success­
fully produced by each of the paired universal primers (Ul : U2 and Ul : U3). 
The universal primers Ul : U2 also amplified the correct fragment size of 
124 bp from DNA of all the bacteria included in the screening group. This 
confirmed the gene encoding 16S rRNA was capable of PCR amplification in all 
of the samples under study, and negative results caused by the failure of the PCR 
reaction could be excluded. 

Primers Hpl : U3. Using a thermal cycle of 30 cycles and an annealing 
temperature of 55°C only H. pylori DNA amplified strongly. Weak amplifica­
tion was observed in DNA samples from H. mustelae (Fl and FS), C. laridis, 
C. jejuni and C. coli. These weak cross-reactive bands were completely elimi­
nated by reducing the number of cycles to 20 or by increasing the annealing 
temperature to 60°e. 

Primers Hpl : Hp2. H. pylori DNA was successfully amplified, producing a 
product size of 109 bp utilising 40 cycles and an annealing temperature of 60°C 
with the two specific primers. No other bacterial samples were amplified (Fig. 1). 
This indicated that Hpl : Hp2 were highly specific for H. pylori DNA. Further 
PCRs incorporating primers Hpl : Hp2 utilised 40 cycles and an annealing 
temperature of 60° C to ensure stringent specificity. 

Nested peR. Hpl : Hp3 were used for 25 cycles followed by 25 cycles of 
Hpl : Hp2. This revealed stronger amplification of the 109-bp final product. 
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Fig. 1. A 2% agarose electrophoresis gel stained with ethidium bromide demonstrating the 
specificity of H. pylori detection obtained by PCR using primers Hpl : Hp2. Lane I, H. mustelae 
(Fl); 2, "c. cinaedi"; 3, C. fetus subsp. fetus; 4, C. laridis; 5, C. jejuni; 6, H. mustelae (F8); 7, C. coli; 8, 
C. sputorum subsp. sputorum; 9, E. coli; 10, H. pylori; II, W. succinogenes; 12, negative control; 13, 
123-bp DNA ladder 

Sensitivity. Hp1 : Hp2 could amplify from as little as 0.1 pg of starting bacterial 
DNA. Nested peR enhanced the sensitivity by ten fold, and 0.01 pg of DNA 
was detectable. 

Detection of Cocco ids. DNA extracts from non-culturable coccoid forms of 
H. pylori were successfully amplified with Hp1: Hp2. No amplification was 
observed in the negative control from the DNA extraction protocol indicating 
the absence of peR reagent contamination. 

Paraffin-Embedded Material. Ten gastric biopsies which were histologically 
verified as H. pylori positive were obtained for DNA extraction. They produced 
the correct fragment size of 109 bp. Other human tissues from outside the 
human gastrointestinal tract were used for negative controls and these did not 
produce any positive reaction, showing that the Hp primers did not amplify 
human DNA. To exclude false negatives caused by Taq inhibition, factor VIII 
primers [7] were used to confirm that the DNA from the negative tissue controls 
were amenable to amplification by peR. 

Exclusion of Cross-reactivity. DNA extracted from human faeces alone were not 
amplified, whilst those seeded with H. pylori from 1.89 x 10 7 to 7.40 X 104 

organisms per millilitre yielded a 109-bp fragment. A similar experiment was 
performed where H. pylori DNA was added to Iflg human genomic DNA in ten 
fold serial dilutions. Amplification was observed only in those samples which 
contained added H . pylori DNA, down to a concentration of 1 pg. This 
represents a 1: 10 6 concentration ratio of H. pylori DNA to human genomic 
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DNA. These experiments prove that H. pylori detection is extremely sensitive 
even when a large background of "stray" DNA is present. 

Discussion 

Ribosomal RNA sequence data is highly suitable for demonstrating bacterial 
phylogenetic diversity because it is a common but distinctive cellular compon­
ent [2,15,18, 19,22]. Several PCR tests have recently been reported for a range 
of bacteria, some of which utilise the 16S rRNA gene as their target [13, 21]. 
The PCR assay we have developed for H. pylori DNA amplification is highly 
sensitive and specific utilising the gene encoding 16S rRNA. Our experiments 
show that a high degree of specificity is obtainable using only one specific primer 
(incorporating a lO-base mismatch in addition to a I-base deletion) in conjunc­
tion with a universal primer if the annealing temperature is relatively high at 
60°C or the number of cycles employed is reduced. A considerable amount of 
16S rRNA data are readily available which should enable this gene to be used as 
an extremely versatile target for PCRs, and specific amplification can be 
achieved even when there is little sequence dishomology. A second and a third 
Hp primer was designed because high sensitivity and specificity were major 
requirements. 

The level of sensitivity of H. pylori detection achieved by our PCR assay 
easily surpassed those of existing methods. Further increased sensitivity by up to 
lOOO-fold may be possible by the inclusion of a preliminary reverse transcription 
step in the protocol since each bacterium contains approximately 15000 copies 
of 16S rRNA. Such improvements have been reported in a study investigating 
10hne's disease [21]. 

Using Hp1 : U3, weak cross-reactions occurred with H. mustelae, C. laridis, 
C. jejuni and C. coli. Elevation of the annealing temperature from 55 ° C to 60° C 
abolished all these cross-reactions except from H. mustelae. In the area of the 
16S rRNA gene to which primer Hp1 flanks, the sequence between H. pylori 
and H. mustelae contains five base mismatches and one deletion, whereas 
between H. pylori and H. felis there are six base mismatches [16]. However, 
bacterial DNA from H. felis was not available to us for amplification. The 
design of Hp2 eliminated cross-reactions to H. mustelae. Hp2 contains one base 
mismatch and one deletion to H. mustelae and two base mismatches to H. felis; 
thus the latter is unlikely to be recognized by this PCR if H. mustelae fails to 
amplify. In addition, if nested PCR is used, the problem of concatamerisation is 
overcome [14, 17]. No cross-reactions occurred when human genomic or faecal 
DNA extracts were subjected to PCR, which reaffirmed the specificity of the Hp 
primers. 

Existing techniques for H. pylori identification have been unable to elucidate 
the sources and mode of transmission of H. pylori. The high sensitivity and 
versatility of PCR will be invaluable in searching for oral bacterial niches and 
detecting small numbers of bacteria which may persist in the stomach after 
therapy. Current methods are unable to detect low bacterial densities and may 
then give rise to false-negative results. PCR can be used for confirmation of 
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complete eradication of H. pylori which is of considerable importance in patient 
management and perhaps in finding new, more effective means for treating 
H. pylori infection. Finally, if PCR can detect H. pylori in minute amounts of 
excreted material, not only will this shed some light on the possible modes of 
transmission of infection, but PCR may then become a useful non-invasive test 
for confirming current H. pylori infection. 
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Polymerase Chain Reaction for Helicohacter pylori 

B. Gobertl, J.D. Korwin 2 , M.e. Conroy3, M.e. Bene l , and G.e. Faure l 

Introduction 

The recent development of gene amplification techniques has considerably 
expanded the field of investigations at the DNA level in biology. The under­
standing and epidemiology of infectious diseases will be greatly improved in the 
coming years by the now possible identification of microorganism-specific 
sequences in media or conditions not suitable for classical culture or microscop­
ic identification. 

Helicobacter pylori, the microorganism identified as associated with chronic 
gastritis [1], is slow growing but can be easily visualized in microscopy in the 
mucus of infected stomach biopsies. The urease test, based on the strong 
enzymatic activity of H. pylori is useful for a rapid assessment of infection but 
requires live organisms [2]. Serologic studies, especially when they discriminate 
anti-H. pylori isotypes, provide an indirect but non-invasive means offollow up, 
showing the appearance or decrease of a humoral systemic immune 
response [3-5]. These variations are correlated with infection and healing [5]. 

Great difficulties have, however, been encountered in two circumstances in 
the study of H. pylori infection: (a) assessing post-therapeutic eradication; and 
(b) identifying the mode of contamination. Gene amplification could provide 
answers to both these problems. 

Here we present a preliminary study designed to test the applicability of the 
polymerase chain reaction (PCR) to biologic samples for the identification of 
H. pylori-specific DNA. Our data were compared with classical methods of 
H. pylori identification and suggest that PCR could indeed be useful in prospec­
tive epidemiologic and post-therapeutic studies. 

Patients and Methods 

Patients 

Biopsy samples were obtained in 11 patients whose clinical condition justified 
gastric endoscopy (Table 1). These specimens were collected at the same time as 
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Table 1. Indications for endoscopy in the 11 biopsied patients 

Patient No. Indication Histology PCR 

1 Peptic ulcer Positive Positive 
2 Epigastralgia Negative Positive 
3 Epigastralgia, ulcer Positive Positive 
4 Dysphagia, gastritis Positive Positive 
5 Peptic ulcer Positive Positive 
6 Gastritis, hiatus hernia Positive Negative 
7 Treated ulcer (control) Negative Negative 
8 Treated ulcer (control) Negative Negative 
9 Treated ulcer (control) Negative Negative 

10 Gastritis, phlebitis Negative Negative 
11 Epigastralgia Negative Negative 

biopsies used for standard histology, Giemsa staining, H. pylori culture, and the 
urease test. They were snap frozen in liquid nitrogen, processed for immunohis­
tology on frozen-cut sections, and the remainder, always maintained below 
- 30°C and mostly at - 80°C, were used for PCR. 

Gastric juice was obtained from these 11 patients at the time of endoscopy 
and saliva from nine of them. In addition 39 saliva samples and 34 samples of 
gastric juice were obtained from other patients whose biopsy was not tested in 
PCR. A total of 44 paired saliva and gastric juice samples were analyzed in PCR. 

For all patients, the current analyses of the gold standard were performed. 
Anti-H. pylori immunoglobulin G (IgG), IgA, and IgM were assayed in serum 
samples from all of them using an enzyme-linked immunosorbent assay (ELISA) 
with whole crude extract as antigen [5]. Six saliva samples were obtained from 
healthy controls without gastric complaints. 

Methods 

Polymerase Chain Reaction 

Biopsy samples were treated immediately upon thawing, after removal from the 
- 80° freezer. Thawed samples were placed in sterile Eppendorf tubes and 

mixed with 9 ILl bi-distilled sterile water (BDS-HzO) containing 0.15% of 
proteinase K (Sigma, St Louis, USA). After incubation for 30 min at 65°C, the 
samples were vortexed and boiled at 100°C for 5 min. 

Freshly collected or thawed gastric juice or saliva samples were boiled for 
5 min in BDS-HzO and were not submitted to enzymatic digestion. 

One microliter of each preparation was sampled and placed in a sterile 
Eppendorf microtube. Eleven microliters of H. pylori primers [6, 7] in BDS­
Hz 0 buffer was added to the sample, followed by 1.2 ILl Taq polymerase (Perkin 
Elmer Cetus, Norwalk, USA), 57 ILl nucleic acids and 11 ILl DMSO. After 
thorough vortexing, the mixture was covered with one drop of mineral oil, and 
the tube was capped and placed in the Perkin Elmer automated amplifier 
(Cetus). The programmed amplification procedure included 35 cycles with 40 s 
denaturation at 92°C, 30 s annealing at 57°C, and 40 s synthesis at n°e. The 
program included a stepwise 2 s increment of annealing and synthesis times. 
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DNA from wild H. pylori colonies, cultured from biopsies of infected 
patients and treated in similar conditions, was always used as a positive control. 

BDS-HzO alone was always processed as a sample to provide a negative 
control and check the absence of contamination. 

PCR Product Identification 

Polyacrylamide Gel Electrophoresis and Silver Staining. Upon completion of the 
amplification cycles, the samples were vortexed, and 1 III was removed for 
molecular weight identification of the amplified products. This procedure was 
carried out on Phast system (Pharmacia, Uppsala, Sweden) polyacrylamide 
mini-gels. This polyacrylamide gel electrophoresis (PAGE) allows the repro­
ducible separation of minute amounts of proteins or nucleotides. Eight to 
twenty-four samples can be run simultaneously. In this study, a mixture of phage 
lambda restriction fragments (Boehringer, Mannheim, Germany) was run as a 
base-pair length control. Electrophoresis was performed on 10-15 gradient gels, 
with native Veronal buffer strips, for 20 min, and a cumulative voltage of 60 Vh. 
Immediately after the end of the electrophoretic separation, the gels were stained 
in the automated coloration chamber of the Phast system, using a standard 
silver-staining procedure (Pharmacia). Results were obtained approximately 1 h 
after the end of the amplification cycles. 

Restriction. The primers used in this study allow the specific amplification of 
H. pylori urease-C gene. The sequence of this gene contains a restriction site for 
CfoI (HhaI) that will yield two fragments of approximately 150 bp. Aliquots of 
amplification products (10 JlI) were incubated with 1 unit of this restriction 
enzyme (Boehringer) for 1 h at 37°C. The resulting products were submitted to 
PAGE and silver staining in the same conditions as described above. 

Dot Blot. A 45mer H. pylori-specific probe, provided by A. Labigne [7], was 
used for a nonisotopic dot blot. Amplification products were dotted on Nytran 
membrane (Schleicher Schuell, Dassel, FRG) using the BioRad Dot-Blot 
vacuum apparatus (BioRad, Ivry, France). The membrane was air dried and the 
dotted DNA fixed by exposure to ultraviolet light. Nonspecific sites of the 
blotted membrane were blocked by salmon sperm DNA (Boehringer) overnight 
at 65°C. Hybridization was carried out with the biotinylated probe in the same 
conditions and revealed with peroxidase-labeled streptavidin. Resulting spots 
were visualized by incubating the membrane in hydrogen peroxide and dia­
mino-3, 3'-benzidine tetrachlorhydrate (Sigma). 

Results 

All the amplification products obtained had a length of approximately 290 bp 
identified using the migration reference curve provided by the oligonucleotide 
standards run with each gel (Fig. 1). This band was always obtained after 
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Fig. 1. Identification of PCR products by PAGE and silver staining. Lane a, base pair length 
markers; lane b, positive biopsy sample; lane c, positive gastric juice sample; lane d, positive saliva 
sample; lane e, positive saliva sample; lane f, saliva sample from lane e after enzymatic restriction of 
the amplification product with Cfo I; lane g, wild colony of H . pylori; lane h, wild colony from lane g 
after enzymatic restriction of the amplification product with Cfo I; lane i, amplification of bi-distilled 
water (negative control); lane j, wild colony of H. pylori (positive control) 

amplification of H. pylori DNA and is consistent with the 294-bp sequence of 
the Ure-C gene [8]. Replacement of DNA or biologic samples by BDS-H2o in 
the process yielded no amplification product. This method further allowed the 
appreciation of the amount of H. pylori DNA amplified, since bands of varying 
intensities were observed, related to the amount of DNA initially available for 
amplification. Thus control lanes where amplification of H. pylori colonies were 
run always yielded the strongest bands, while some saliva samples produced 
fainter bands. 

Digestion of amplification products with the CfoI restriction enzyme yielded 
two shorter fragments of 170 and 125 bp, respectively, consistent with the 
H. pylori-specific sequence expected to be amplified (Fig. 1). Finally, as ex­
emplified in Fig. 2, all the samples which failed to produce a detectable band in 
PAGE were negative in dot blot, while all those scored as positive by PAGE and 
enzymatic cleavage yielded clear dots after specific hybridization. 

As a whole, H. pylori-specific DNA was amplified from six biopsies, 33 saliva 
and 27 gastric fluid samples. None of the six control saliva yielded positive 
amplification. These data were correlated with each other in paired series and 
with other elements allowing the appreciation of current or previous H. pylori 
infection. Correlations, evaluated as positive-positive or negative- negative 
were observed with the frequencies indicated in Table 2. 

The best correlation was obtained for paired samples of gastric juice and 
biopsy material, with only one discordant result. The latter (negative gastric 
juice, positive biopsy) could be interpreted by a strong adherence of H. pylori to 
the overlying or intraglandular mucus. Conversely, the 82% correlation ob­
tained when comparing biopsy PCR and histology suggests that focal areas of 
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Fig. 2. Identification of PCR products by dotblot hybridization. Upper row, bi-distilled water 
(negative control) and two biopsy samples detected as negative by PAGE; lower row, amplification 
product of a colony of H. pylori (positive control) and two biopsy samples yielding a 294-bp band in 
PAGE 

Table 2. Consistent correlations (positive/positive or negative/nega­
tive) between the various PCR tests and between PCR and other 
criteria of H. pylori infection 

Polymerase chain reaction on: 

Biopsy Saliva Gastric Juice 

PCR biopsy 44 91 
PCR saliva 77 
Histology 82 61 66 
One of gold standard 82 82 67 
Serology 56 74 60 

H. pylori infection may lead to misleading interpretations, in both methods, 
related to the size of the sample analyzed. 

Only nine paired samples of gastric mucosa and saliva were studied, and the 
poor correlation obtained needs to be tested on a larger series, since the 44 pairs 
of gastric juice and saliva indicate a higher level of consistency. Discordant data 
in this series were more often (eight times) related to positive saliva versus 
negative fluid, suggesting that the presence of H. pylori in the saliva might occur 
in healthy carriers and contribute to contamination. This is further suggested 
both by the 61 % correlation obtained between saliva samples and histology, 
and by the 74% observed with serology, suggesting that protective antibodies 
may be raised following a chance contact with this microorganism. Although 
more data are again needed, one of the features leading to H. pylori-related 
gastric diseases could be found in inadequate levels of such antibodies, should 
the very similar 56% and 60% correlation between biopsy PCR or gastric juice 
PCR and serology be confirmed. 
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Discussion 

This study reports on the efficiency of gene amplification to identify H. pylori­
specific DNA in biologic fluids. The specificity of the amplification product 
obtained was checked by the length of the sequence amplified, by its sensitivity 
to enzymatic restriction, and by its ability to hybridize a specific probe. 

Amplification of the urease-C gene with the primers used in this method has 
been demonstrated of high specificity to discriminate H. pylori from related 
microorganisms [6]. The PCR technology used is a standardized procedure, but 
the methodology chosen for identifying amplification products has been less 
widely used [9, 10]. It has the advantages of requiring minute amounts of the 
samples tested, of being nonisotopic, and of yielding results within a few hours. 
It was validated in this study by the two other nonisotopic tests used to confirm 
the specificity of amplified products. Electrophoresis identification of non­
isotopic amplification products is increasingly used in vegetal, animal, and 
human studies for the investigation of exogenous DNA sequences. 

From a fundamental point of view, the correlative data reported here are 
consistent with the few similar studies performed for other microorganisms. In 
their work on HIV infection, for instance, Horsburgh et al. [11] report a 95% 
consistency in paired serum and mononuclear cell samples, which could be 
compared to our smaller series of biopsies and gastric juices. When more 
samples have been studied, PCR might appear as a less cumbersome alternative 
to in situ hybridization for the identification of residual bacteria within the 
mucosa after therapy [12]. 

Finally, regarding the ecology of H. pylori, our results support other studies 
suggesting that oral-oral or oral-fecal transmission could be involved in the 
pathogenesis of H. pylori infection. More samples will be studied with this 
method, and comparison of future results with those obtained using other 
probes will undoubtedly be highly informative. 
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Helicobacter pylori strains from Duodenal Ulcer 
Patients Differ at the Genomic Level 
from Those Patients with simple Gastritis 

H.H. Yoshimura and D.Y. Graham 

Introduction 

The frequent presence of Helicobacter pylori in healthy individuals without 
peptic ulcer disease suggests that as yet unidentified specific microbe-host 
interactions are important in determining whether an infected individual does or 
does not develop ulcer disease. Development of a peptic ulcer following 
H. pylori infection may require the genetic predisposition of the infected indi­
vidual, infection with an "ulcer-virulent" H. pylori strain, or both. 

We investigated whether differences in the infecting organism result in 
different clinical outcomes of infections with H. pylori. We compared the DNA 
base sequences of H. pylori isolates by DNA-DNA hybridization to determine 
whether hybridization levels allowed classification of the H. pylori isolates into 
groups corresponding to the types of diseases (e.g., duodenal ulcer vs. asympto­
matic gastritis) from which they were recovered. 

Materials and Methods 

Target DNAs were prepared from H. pylori strains cultured from gastric biopsy 
specimens of 20 patients, nine with duodenal ulcers, and 11 from asymptomatic 
volunteers endoscopically proven not to have peptic ulcer disease. DNA-DNA 
hybridization was performed with whole genomic probes made from one isolate 
from each of the disease categories. 

Bacteria were scraped from the culture plates and transferred to approxi­
mately 25 ml 0.007 M phosphate-buffered saline, pH 7.3. The organisms were 
pelleted by centrifugation for 12 min at 8000 rpm in a Sorvall SS-34 rotor, then 
washed twice with phosphate-buffered saline and once with TEN (50 mM Tris, 
pH 8.0,100 mM ethylenediaminetetra-acetic acid (EDTA), 150 mM NaCl). The 
bacteria were resuspended in 3-5 ml TEN containing 30 mg/mllysozyme. After 
incubation for 30 min at 37°C, Sodium dodecyl sulfate (SDS), pronase, and 
proteinase K were added to final concentrations of 1 % (w/v), 3 mg/ml, and 
0.5 mg/ml, respectively. The mixture was incubated overnight at 3TC. Another 
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increment of pronase equal to that used earlier was added, and incubation was 
continued for an additional 3 h. DNA was purified from the cell lysate as 
described previously [2], through a process involving phenol extractions, eth­
anol precipitations, ribonuclease digestions, and spooling. 

Whole genomic probe DNAs were labeled with tritium by nick translation 
as described previously [2] with the exception that a higher concentration 
(10 -2 JLg/ml) of DNase I was used. Specific activities of the probes ranged from 
2.8 x 106 cpm/JLg DNA to 5.9 x 106 cpm/JLg DNA. DNA-DNA hybridization 
was carried out as previously described [2] with the following modifications. 
The reaction mixtures contained 25 ng probe DNA and 25 JLg target DNA in 
760 JLI of 0.01 M hydroxyethylpiperazine ethanesulfonic acid (HEPES)­
buffered solution (pH 7.0) containing 0.6 M NaCI and 0.002 M EDT A. The 
DNAs were denatured by heating for 10 min at 105°C, followed by renaturation 
at 66°C. Samples were removed after 0, 2, 4, and 7 days of incubation; 20-JLI 
aliquots were assayed for hybridized probe DNA by Sl nuclease digestion, 
trichloroacetate (TCA) precipitation, and liquid scintillation counting as de­
scribed previously [2]. 

Results 

Melting point (T m) determinations were carried out in hybridization buffer 
(0.6 M NaCI) in order to determine the optimal temperature for hybridization. 
T m of91 °C-93°C were obtained. Thus, the optimal temperature for hybridiza­
tion, T m - 25°C [3], was between 66°C and 68°C; we used 66°C. 

Preliminary hybridization kinetics experiments showed that hybridization 
was essentially complete after incubation for 30 h and that hybrids remained 
stable for at least 7 days at 66°C. Hybridization levels for each reaction mixture 
were determined at three time points (2, 4, and 7 days) to ensure that maximal 
hybridization was attained in each mixture. 

Two hybridization groups were defined using the DU probe 88-44 (Fig. 1). 
The mean levels of hybridization of DNA from H. pylori isolates from duodenal 
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Fig. 1. The results (% homology) of DNA-DNA hybrid­
ization in solution between probe 88-44 obtained from a 
patient with duodenal ulcer and 19 individual target 
DNAs (11 asymptomatic gastritis and eight other duode­
nal ulcer patients) is shown. The difference in DNA 
homology between H. pylori obtained from duodenal 
ulcer patients and those with asymptomatic gastritis was 
significant (p = 0.025) 
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ulcer patients and asymptomatic gastritis were 85.5% ± 7% and 78.3% ± 5%, 
respectively (mean ± SD, p = 0.025). 

Discussion 

Our studies confirm that all H. pylori isolates are closely related to one another 
and are very different from Campylobacter jejuni. These findings support the 
recent reclassification of the organisms previously known as Campylobacter 
pylori in a new genus [1]. 

Some of the hybridization levels we observed were low enough (67%) that 
one could question, according to generally accepted guidelines of what consti­
tutes a species in hybridization experiments [lJ, whether the H. pylori isolates 
involved actually belonged to the same species. It remains to be determined 
whether the various isolates currently designated H. pylori actually belong to 
more than one species within the genus Helicobacter. 

Our results indicate that, using whole genomic probes from certain H. pylori 
isolates, statistically significant differences may be observed in hybridization 
with target DNAs from H. pylori isolates obtained from patients with different 
clinical conditions. It is possible that the outcome of infection (e.g., ulcer or no 
ulcer) may be due to virulence factors encoded by genomic DNA. If such 
differences exist, it should be possible to produce probes that would identify the 
ulcer virulence gene(s) and clearly distinguish between ulcerogenic and non­
ulcerogenic strains of H. pylori. 
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Perspectives on the Microbiology 
of Helicobacter pylori 

F. Megraud 

Considerable data have been obtained from the newly discovered bacterium 
named Helicobacter pylori. If we compare it to other bacterial pathogens, the 
optimists will say that much progress has been made in less than 10 years. This is 
true, and papers presented in this section of the book can give an idea of our 
state of knowledge. However, the pessimists will argue that we still do not know 
much and that the real science is just on the way. They are also right since new 
approaches are now being used. As a tool, molecular biology is taking off in the 
field. This powerful technique allows us to work at the gene level and, therefore, 
to gain the maximal insight. All of our past experience must be reconsidered and 
re-evaluated. 

What Can We Expect to Gain by Using Molecular Biology 
in the Future? 

For Diagnosis. Molecular biology can be used to improve the sensitivity of 
detecting the organism. Currently there is no quick and sensitive method to 
detect H. pylori in biopsy specimens. The urease test and Gram stain probably 
need 104 or more organisms in the biopsy specimen to elicit a positive response. 
Polymerase chain reaction (PCR) should circumvent this problem, being a 
quick method which is adaptable to automats. 

When one considers other specimens such as stools, another challenge must 
be faced. The thinking is that H. pylori should be present but may be not as 
cultivable forms. In fact, no culture has even revealed itself positive. Therefore it 
will be necessary to develop molecular biology techniques in order to detect 
these noncultivable, but presumably viable, forms. The use of magnetic beads 
labeled with specific antibodies could also be a useful method. 

For Typing. The traditional methods such as serogrouping have not yet been 
decisive in the proposal of a schema. A concentrated effort should be given to 
such a schema in the future. Genotyping techniques seem to be the only ones to 
be highly discriminatory. However, the restriction endonuclease assay is difficult 
to interpret and other techniques should be proposed. Ribotyping, which is a 
derivative of the former method using 168-238 ribosome-labeled RNA to probe 
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the DNA, is a possibility that should be explored. However, the actual pre­
paration procedure of the DNA is time consuming and is therefore, a limiting 
factor. The possibility of studying products of PCR amplification avoids this 
problem and may one day give us an answer to the fundamental questions that 
we are now asking concerning the natural history of the infection and its 
transmission. The complex technique of pulse field electrophoresis has been used 
for the typing of other bacteria. There is no doubt that this technique will also be 
applied to H. pylori. 

For Our Understanding of Pathogenesis. This is an area where genetic manipula­
tion of the organism will generate answers. How can one prove that a particular 
property, let us say production of urease or a cytotoxic factor, has a role in the 
pathogenesis and is not relevant to the area of phenomenology? The same strain 
possessing a character or not must be used in experiments because, if different 
strains are used, many properties can be different. It is possible to use sponta­
neous mutants of the parent strain without the given character; however, it can 
be argued that it is not the best way because other properties may have changed. 
The best way will be to construct genetically isogenic mutants for the character 
under study and to restore the gene for control. Such technology will certainly 
be available soon for H. pylori. It will allow the exploration of different 
pathogenic mechanisms such as motility, urease, and adherence. But to explore 
a relationship, it is necessary to have the counterpart, and so the need for a good 
animal model is crucial. The physiology of this animal should be as close as 
possible to that of humans. A small animal model with a known genetic 
background and easy maintenance for a long period of time should theoretically 
be perfect but may be unrealistic. A key point would be to identify ulcerogenic 
strains. Current data do not favor this hypothesis. H. pylori is not a clonal 
pathogen but looks more like a highly diverse organism engaged in a com­
mensal relationship. However, much more must be done in this direction. 

Other more traditional areas will also be to focus research in the future, for 
example, on the susceptibility to antimicrobial agents. Metronidazole is a key 
drug in H. pylori eradication, but we do not know the mechanism of resistance. 
Proton pump inhibitors have a selective bactericidal action on this bacterium. 
How can this be explained? 

We are entering into another exciting realm of research. This fascinating 
organism still has a lot of mysteries to deliver. We can postulate that micro­
biological literature will be more and more abundant. This is a fantastic 
adventure for those participating in the field. 



II. Epidemiology 



A Descriptive Study of the Characteristics 
of People with Helicobacter pylori Infection 

L. Basso!, J. Clune2 , S. Beattiel , S. Lawlor3 , and C. O'Morainl 

Introduction 

In 1893 the Italian pathologist G. Bizzozzero first described the presence of 
"curved bacilli" in the stomach of dogs [1]. During the following years other 
authors reported the detection of curved bacilli in the stomach of mammals such 
as rats and cats [2], in the stomach of patients with ulcerated neoplasms [3] and 
in the stomach of subjects with gastroduodenal peptic ulcers [4]. These findings 
were confirmed by later studies [5, 6]. However, none of these curved bacilli was 
ever isolated, and the theory of their role in human diseases progressively 
declined. However, in 1983 Warren and Marshall [7] succeeded in isolating 
spiraliform bacteria from human stomachs. These were first called Campylobac­
ter pyloridis, then Campylobacter pylori and, eventually, H elicobacter pylori 
(HP). These two Australian researchers also suspected that antral gastritis and 
duodenal ulcers were of infectious origin and have to their credit the definition 
of the culture conditions necessary for the growth of this microorganism, so that 
it has been thereafter possible to perform several clinical studies on HP. Thus, 
we currently know that some 70%-92% of people with chronic gastritis are 
carriers of HP, and that it is found in about 86% and in 65% of subjects with 
duodenal and gastric ulcer [8], respectively. 

Since 1983 HP has been detected in all human populations investigated. 
However, there is an astonishing lack of information about the true paths of 
transmission of this bacterium and about the general features of those people 
having a higher risk of developing the infection. The aim of the present study 
was to ascertain the prevalence of HP infection within a selected community of 
healthy adult males and to describe some of the characteristics of those people 
who were found to be infected by HP. 

Materials and Methods 

A total of 133 males serving in the Irish Armed Forces (age: mean = 28.0 years, 
range = 19-50 years) were studied from 1 April to 31 May, 1990 to assess the 
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prevalence of HP infection among them. Each subj~ct was first submitted a 
standard questionnaire and, following this, a 5-ml venous blood sample was 
taken. 

A standard enzyme-linked immunosorbent assay (ELISA) of specific im­
munoglobulin G IgG was thereafter performed on the serum to ascertain the 
presence of HP infection, and a dilution titre of 1: 3200 or greater was 
considered as a positive indicator. 

Results 

We found HP infection in 51/133 (38.3%) of the subjects studied. Mean age, 
height, and weight in the HP-positive and in the HP-negative populations are 
reported in Table 1. Prevalence of HP infection within each age group is 
reported in Table 2. Prevalence of HP infection was also assessed in relation to 
rank, education, family or medical history of gastritis and/or of peptic ulcer 

Table 1. Mean age, height and weight in the positive and in the 
negative groups 

Mean age (years) 
Mean height (cm) 
Mean weight (kg) 

Positives (n = 51) Negatives (n = 82) 

29.1 
175 
78.8 

27.4 
177 
75.6 

Table 2. Prevalence of HP infection within each different age group 

HP infection 

Age Total Positives 
(years) (n) (n) (%) 

19-24 53 17 32.1 
25-30 40 15 37.5 
31-35 17 8 47.1 
36-50 23 11 47.8 

Table 3. Prevalence of HP infection in relation to rank 

Rank 

Troops/sergeants 
Officers 

Total 
(n) 

116 
14 

HP infection 

Positives 
(n) (%) 

46 
4 

39.6 
28.6 
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Table 4. Prevalence of HP infection in relation to level of education 

HP infection 

Education Total Positives 
(n) (n) (%) 

Primary 13 6 46.l 
Secondary 104 40 38.5 
Tertiary 13 4 30.8 

Table 5. Prevalence of HP infection in relation to family/medical history of disease 

Family/Medical History 

Family history of peptic ulcer 
Medical history of gastritis 
Medical history of peptic ulcer 

Total 
(n) 

15 
6 
4 

HP infection 

Positives 
(n) (%) 

8 
4 
3 

53.3 
66.7 
75.0 

Table 6. Prevalence of HP infection in relation to social habits 

HP infection 

Social Habit Total Positives 
(n) (n) (%) 

Beer 110 40 36.4 
Spirits and/or wine 16 5 31.2 
Tea 127 49 38.6 
Coffee 66 24 36.4 
Cigarettes 94 34 36.2 

Table 7. Prevalence of HP infection in relation to history of contact with domestic 
animals 

HP infection 

Animals Total Positives 
(n) (n) (%) 

Dogs 62 34 54.8 
Cats 19 10 52.6 
Cattle 21 12 57.l 
Horses 8 5 62.5 
Sheep 9 6 66.7 
Pigs 4 3 75.0 
Birds 5 3 60.0 
None 45 15 33.3 

29 
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(Tables 3-5). We also enquired about social habits and about history of contact, 
at home and/or at work, with domestic animals (Tables 6, 7). 

Discussion 

Serological diagnostic tests are highly reliable, sensitive and specific. Standard 
ELISAs of specific IgG are sensitive indicators of the presence of HP infection. 
These also differentiate infections due to HP from those caused by Campylobac­
ter jejuni. A titre of 1 : 3200 or greater is usually considered a positive indicator of 
HP infection. 

Several factors may combine to influence the true prevalence of a disease 
and/or condition. We therefore examined certain subsets to see if there would be 
any major identifiable patterns. Certainly the extremely limited number of 
subjects enrolled in our research does not allow us to reach any conclusive 
statement, which would be far beyond the purposes of our merely descriptive 
study. Furthermore, the role of age as a confounding variable cannot be 
excluded from the analysis of our data, and, again, the limited size of our sample 
did not allow any statistical significance at the 95% level to be achieved. 
Nevertheless, some of our findings are interesting. As in virtually all other major 
series [9-11J, age proved to be an important factor in increasing the likelihood 
of developing HP infection. However, it has been found that the relationship 
between HP infection and age is inversely related to the level of sanitation of a 
certain environment, since a higher rate of HP infection is found at young ages 
in Third World countries [12, 13]. Thus, it can be postulated that each 
population has a sort of "critical" threshold of individual exposure to HP: the 
more frequent and the more intense the contacts with the bacteria, the higher the 
likelihood of developing the infection earlier in life. 

HP infection causes antral gastritis, and this can turn into gastric atrophy. 
The latter is commonly considered a precancerous condition. A study [14J was 
recently carried out on 1882 males in the People's Republic of China to establish 
any geographical association between HP infection and gastric cancer. This 
research confirmed a moderate but significant geographical association between 
gastric cancer mortality and the prevalence of HP infection in 46 rural Chinese 
counties. Thus, the reported sequence (HP infection-chronic gastritis-gastric 
atrophy-gastric neoplasm) could, at least partially, explain the fact that gastric 
cancer during the last 30 years has been declining in developed countries and 
increasing in Third World environments. In our research we analysed some 
simple socioeconomic indicators such as rank and level of education, and they 
both showed a similar relationship, with the occurrence of HP infection being 
higher in lower socioeconomic classes (i.e. education and/or rank). A previous 
study had showed conflicting results [15J. 

Mean height and weight both suggested a higher body mass index in people 
with HP infection. However, this finding could be merely related and dependent 
on differences in eating and drinking habits in people with HP infection. Family 
and/or medical history of gastrointestinal disorders such as gastritis and peptic 
ulcer confirmed the now well-established clinical relationships between gastro-



A Descriptive Study of the Characteristics of People with H. pylori Infection 31 

duodenal pathology and HP infection. It is interesting to note that in our 
questionnaires the nonspecific term of gastritis was used to identify gastric and 
upper digestive tract symptoms of unknown origin and, therefore, also non-ulcer 
dyspepsia (NUD). 

We also analysed some social habits, some of which are commonly reported 
to have a relationship with the occurrence of gastritis and of peptic ulcer. These 
included: alcohol intake from beer, wine, and spirits; consumption of tea or 
coffee; and cigarette smoking. Alcohol, tea, coffee and smoking all have a direct 
action on the gastric wall, implying some major metabolic changes [16-18]. 
However, none of these factors showed any real trend to suggest a true 
association with HP infection. 

An interesting link was detected between HP infection and a history of 
contact with domestic animals. Previous research [19] had also suggested that 
HP infection could, indeed, be a zoonosis. However, it is certainly difficult to 
ascertain whether the animal world represents a sort of "compulsory" reservoir 
for HP or, rather, whether it is simply an independent pathway for the biological 
course of the bacteria. In conclusion, no assumption has been made that certain 
environmental and socioeconomic conditions playa true aetiological role in the 
development of HP infection. Nevertheless, they should be regarded as contri­
butory to or even necessary for the development of this condition. 
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High Prevalence of Helicobacter pylori-Induced 
Gastritis in China: Results of a Screening Study 
in 194 Adolescents 

R. Raedschl, M. CrespF, R. Waldherr1, J. Chang-Claude3, Y.G. Rei\ 
N. Mufioz\ and P. Correa4 

Introduction 

Helicobacter pylori (HP) infection has been reported in populations all over the 
world. Whereas the direct source of infection is still unknown, there is increasing 
evidence that HP is spread via a contaminated water or food supply [1]. The 
prevalence of HP infection in the general population is correlated to the 
socioeconomic status and standard of hygiene in specific subpopulations. In 
some countries up to 90% of healthy adults may be infected [2, 3]. In Western 
countries the prevalence of HP infection increases with age and reaches a 
plateau at about 50%. 

HP has been identified as the most important factor of chronic gastritis [4]. 
This fact has led to new classifications of gastritis (Sydney System) [5]. HP­
induced gastritis presents most commonly as chronic gastritis of the antrum 
with activity, but it may also cause chronic pangastritis. Glandular atrophy and 
intestinal metaplasia are often found and may increase in extent and degree with 
advancing age or time course of HP infection. There is some evidence that 
chronic gastritis with atrophy may represent a precursor of gastric cancer [6]. 
The role of HP in gastric cancer is still undefined, but HP gastritis and HP 
infection in the early years of life may represent risk factors of gastric cancer. 

In the present study we investigated the prevalence of gastritis and HP 
infection in adolescents of Huixian, Henan Province. Huixian is a rural area in 
the People's Republic of China which is known as a high-risk area for 
esophageal cancer. We had the unique opportunity of investigating HP infection 
and gastritis in young adolescents chosen at random from the general popula­
tion, irrespective of clinical symptoms. 

Patients and Methods 

In the course of a screening program for precursor lesions of esophageal cancer, 
upper gastrointestinal endoscopy was performed in a total of 538 adolescents 
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aged 15-25. One third of the subjects were selected from households with a 
family member presenting with esophageal cancer within the past 6 years, and 
two thirds came from control households. The data on precursor lesions of 
esophageal cancer in these subjects have been published elsewhere [7, 8]. 
Besides screening for the precursor lesions of cancer in the esophagus, in a 
subgroup of 194 subjects additional biopsies were taken from the corpus and 
antrum of the stomach to investigate the presence of gastritis and HP infection. 

Histopathological grading of gastritis and determination of HP were per­
formed with hematoxylin and eosin and silver staining. Gastritis was classified 
according to the criteria of Correa [9] as: superficial, diffuse, atrophic, and 
active or inactive gastritis. Reading of the pathology slides was performed 
independently by R.W. and P.e. 

Results 

In these adolescents, selected irrespective of clinical symptoms, a very high 
prevalence of gastritis was found. In 182 of the 194 subjects (93.8%) gastritis was 
present. Figure 1 demonstrates the histopathological grading of chronic gastri­
tis. By histology 71 (36.6%) of cases presented with superficial gastritis (14 
active, 57 inactive), 101 (52%) with diffuse gastritis (96 active, five inactive), and 
in ten (5.1 %) adolescents chronic gastritis plus focal atrophy (nine active, one 
inactive) was demonstrated. In only 12 of the 194 adolescents (6.2%) was 
normal mucosa found in the antrum and corpus of the stomach. 

HP was present in 166 (85.6%) ofthese young study subjects. All 119 cases 
showing histologically chronic active gastritis were HP positive (Fig. 2). Of the 
63 cases with chronic inactive gastritis, HP infection was found in 37 of 57 
(64.9%) of subjects with superficial, three of five (60%) with diffuse, and one 
adolescent with atrophic inactive gastritis. HP was also demonstrated in six of 
the 12 (50%) adolescents with histologically normal mucosa. 

NORMAL SUPERFICIAL DIFFUSE ATROPHIC 

Fig. 1. Prevalence of chronic gastritis 
in 194 adolescents. In about 94% of 
these cases gastritis was present. Grad­
ing of gastritis showed activity and 
even atrophy in a considerable number 
of subjects. Open columns, inactive gas­
tritis; hatched columns, active gastritis 
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% 

SUPERFICIAL DIFFUSE ATROPHIC 
CHRONIC GASTRITIS 

Fig. 2. Prevalence ofHP as judged by histology. HP was present in all subjects with active gastritis. 
Open columns, inactive gastritis; hatched columns, active gastritis 

Conclusions 

These data demonstrate a very high prevalence of gastritis and HP infection in 
young adolescents in China. The prevalence of gastritis and HP infection in 
adolescents in China is much higher than in comparable age groups in Western 
countries. These findings suggest an HP infection early in life which led to 
atrophic gastritis in a considerable number of these adolescents. A possible 
significance ofHP infection at a young age for the development of gastric cancer 
has to be elucidated. 
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Seroepidemiology of Helicobacter pylori Infection 
in Vegans and Meat Eaters 

MJ. Webberley, J.M. Webberley, P. Lowe, V. Melikian, and D. Newell 

Introduction 

The acquisition and transmission of Helicobacter pylori infection is poorly 
understood. Considerable evidence supports the person-to-person spread of the 
organism within close communities [1, 2], but the initial source of H. pylori 
remains unknown. Volunteer studies have shown that the organism can be 
acquired by ingestion, implying that diet may be important [3, 4]. Although a 
natural animal host (other than human) has not yet been found, some workers 
have demonstrated an association between occupational exposure to animals or 
meat and H. pylori colonisation [5, 7]. The presence of meat in the diet may 
therefore be a risk factor for H. pylori infection. We investigated this hypothesis 
by measuring anti-H. pylori-specific antibodies in Asian life-long vegans, Asian 
meateaters and Caucasian meateaters. 

Subjects and Methods 

A total of 67 Asian life-long vegans (age range 18-74 years), 105 Asian 
meateaters (20-69 years) and 67 Caucasian meateaters (22-70 years) were 
recruited from routine medical outpatient clinics. All subjects were asympto­
matic for gastrointestinal disease and were of similar socioeconomic back­
ground. Clotted venous blood (lOml) was acquired from each patient, and 
an enzyme-linked immunosorbent assay (ELISA) system [6], using an acid­
extractable cell surface H. pylori antigen, was used to measure serum H. pylori­
specific antibodies. 

Results 

A group of 54 Asian vegans were age and sex matched with Asian meateaters. 
There was no statistical difference in anti-H. pylori antibody levels between these 

Department of Gastroenterology, Dudley Road Hospital, Dudley Road, Birmingham, B18, UK 
CAMR, Porton Down, Salisbury, UK 

1M. Pajares et at. (Eds.) 
H. pylori and Gastroduodenal Pathology 
© Springer-Verlag Berlin Heidelberg 1993 



38 

E 
If 
<II 
"a; 

~ ,.. 
~ 
C 
c( 

90 

80 

70 

60 

50 

40 

30 

20 

10 

a 

a 

a 

a 

EI 

a 
a a 

M.J. WebberJey et al. 

aa a a aa a 

EI 

a 

········i3-····-1Is····································· ............ -.,;. 
a a a a a 

O~~~MM~~~~~a~.~ .. ~.~:~~.~.~a~a~.~.~~~~~~~~~~~ 
15 20 25 30 35 40 45 50 55 60 65 70 75 

Age (years) 

Fig. 1. Anti-H.pylori antibody levels in Asian vegans 

90 a EI m 

80 

70 

E EI 

If 60 
EI 

!!J. 50 CD 

~ ,.. 

t 40 

30 a EI EI 
EI 

EI 

20 

10 •••• IP. ••••••• .&\! ••• IiI. ••••••• ~ •••••••••••••••••••••••••••••••••• a EI 

~ ... a ':Iii! 
O~~~~~~~~~~~~~~~~~·~·~~~~~ 

15 20 25 30 35 40 45 50 55 60 65 70 75 

Age (years) 

Fig. 2. Anti-H.pylori antibody levels in Asian meat eaters 



Seroepidemiology of H. pylori Infection in Vegans and Meat Eaters 

E 

~ 
If) 

Qj 
> 

.S! 
>-

" .8 
E « 

90 

80 

70 

60 

50 

40 

30 

20 

III 

10 --------------------------------------------------------------. 

15 20 25 30 35 40 45 50 55 60 65 70 75 

Age (years) 

Fig. 3. Anti-H.pylori antibody levels in Caucasian meat eaters 

39 

two groups. A group of 65 Asian meateaters were age and sex matched with 
Caucasian meateaters. Significantly higher antibody levels were detected in the 
Asian group (p < 0.01), where 32.3% were found to be seropositive compared 
with 17% in the Caucasian group. 

The distribution of results was significantly different between the two 
groups. In the Caucasians, the results were clear-cut, either strongly positive or 
negative, using an established cut-off level of 10 flg/ml. However, amongst both 
Asian meateaters and vegans, a wide spread oflevels was observed (Figs. 1-3). 

The cross-reactivity between the flagellar antigens of H. pylori and anti­
C ampylobacter jejuni antibodies has been shown to influence serological data in 
populations where there is high asymptomatic carriage of C jejuni. In order to 
exclude this as a potential cause for the observed difference in spread of antibody 
levels between the two groups, anti-C jejuni antibodies were measured in all 
subjects. No correlation was observed between anti-H. pylori and anti-C jejuni 
antibody levels, with no significant differences in anti-C jejuni antibody levels 
being seen between any of the Asian or Caucasian groups. 

Discussion 

These results suggest that ingestion of meat is not a risk factor for acquisition of 
H. pylori. The study does highlight differences in distribution of antibody levels 
as well as seropositivity between Asians and Caucasians. Other studies have 
shown ethnic differences in H. pylori seropositivity but have not demonstrated 
variations in the spread of antibody levels [2]. Observed intrafamilial clustering 



40 M.J. Webberley et al.: Seroepidemiology of H. pylori Infection in Vegans and Meat Eaters 

of H. pylori infection may be important in populations where there are large 
families, but there is no evidence that this is a significant factor in our study. 

More work is needed to investigate different ethnic groups within the same 
society. The spread of antibody levels within our Asian group may indicate that 
different criteria for seropositivity may be needed for various ethnic groups. This 
is currently under investigation. 
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Seroepidemiology of Helicobacter pylori Infection 
in the Armed Forces 

I. Hammermeister l , G. Janus 2 , F. Schamarowski 3 , M. Rudolf4 , E. Jacobs l , 

and M. Kist l 

Introduction 

The mode of transmission of Helicobacter pylori, first isolated in 1982 [28], is 
still unknown, although there is increasing evidence for a person-to-person 
spread of infection. There are several investigations that support the idea of 
person-to-person transmission: a higher prevalence of H. pylori was found in 
endoscopy staff [17, 22], in institutionalized residents [2], as well as in psych­
iatric patients, orphanage children, and family contacts of H. pylori-infected 
patients [16, 22]. 

Studies on the seroepidemiology of H. pylori infection in the armed forces 
have shown an elevated risk of infection in submarine crews [7]. The results of 
this study are reported here. The immune response of H. pylori-positive patients 
correlates well with histologic findings in biopsy specimens [4, 10, 26, 27]. 
Various serologic methods have been used to detect a systemic immune 
response to H. pylori, e.g., complement fixation [3, 11,27], passive hemagglutin­
ation [14], enzyme-linked immunosorbent assay (ELISA) systems [8,25], and 
the immunoblot test [26, 27]. In the present study we used the immunoblot 
technique to detect an H. pylori-specific immune response. The aim of this 
prospective study was to investigate serologically the prevalence of H. pylori 
infection in well-defined risk groups, by screening over a period of 2 months to 
1 year. 

Materials and Methods 

Western Blot Method. 

We used a whole cell sonicate of a 120-kDa antigen-positive H. pylori strain [1]. 
The whole cell sonicate was separated in sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) according to the method of Laemmli [13]. 
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Protein samples of 800 jlg per gel were applied to an 8% running gel and a 4.5% 
stacking gel. Protein transfer from the slab gel to Immobilon membrane 
(Millipore, USA) was performed in a TRIS- glycin-methanol buffer by electro­
transfer (30 V; 14h). Mter the blotting procedure free protein binding sites were 
blocked with 10% skimmed milk in phosphate-buffered saline (PBS). The 
Immobilon membrane was cut into strips and incubated for 1 h with 3 ml 
patients' sera, diluted 1:150 for immunoglobulin G (IgG) and 1:60 for IgA 
detection. After three washes in 0.05% Tween PBS buffer for 30min, the strips 
were incubated for a further hour with rabbit anti-human IgG (1:500) (Behring­
werke, FRG) or rabbit anti- human IgA antibodies (1:500) (Dakopatts, FRG), 
respectively. After this procedure they were washed, incubated with a swine anti­
rabbit antibody (1:100) (Dakopatts) for another 30 min and washed again three 
times. Finally, a peroxidase conjugated anti-swine antibody (1:333) (Dakopatts) 
was added for another 30 min. The strips were then washed three times and the 
reaction bands were made visible by addition of PBS buffer containing dia­
minobenzidine as substrate and H20 2 as reactant. The reaction was stopped 
after 10 min for IgG and 15 min for IgA by dilution with water. A clearly visible 
staining of the 120-kDa, 88-kDa, 86-kDa, and 82-kDa protein was assumed to 
indicate an H. pylori-specific and infection- related immune reaction, as shown 
in a previous study [1]. 

Study Groups 

The following two groups presumed to be at elevated risk for person-to-person 
spread of infections, both by the oral-oral or fecal-oral route, were selected: 

1. German submarine crews (n = 64, mean age: 26.2 years, range: 20-33 years). 
Three blood samples per individual were examined during a time period of 2 
months: before, immediately after, and 3 weeks after a submarine mission. 
Epidemiologic characteristics of the submarine crews assumed to be risk 
factors were: (a) overcrowded space; (b) closed community; (c) close social 
contacts; (d) very limited sanitary facilities; (e) common food supply. 

2. French infantry (n = 51, mean age: 26.5 years, range 21-39 years) consisting 
of regular officers having joined the military service for a minimum of 3 years. 
Assumed risk factors for the French infantry officers were: (a) long-lasting 
military service; (b) predominantly common food supply. 

These potential risk groups were compared with two control groups con­
sisting of: 

1. German air force staff (n = 74, mean age: 23.7 years, range: 19-31 years). 
2. French infantry (n = 135, mean age: 20.5 years, range: 19-27 years) consisting 

of recruits, having just started military service. 

We examined three to four blood samples per individual during a time 
period of 1 year. The control groups were age matched to the appropriate risk 
groups as closely as possible. The German draft system ensures socioeconomic 
homogeneity between the different branches of the military forces. All study 
groups usually had a common food supply. Each subject was required to fill out 
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a questionnaire to control for age, family status, gastric pain, current medical 
treatment, and duration of military service. 

Statistical Analysis 

Data were analyzed using the chi-square test and additionally by a logistic 
regression analysis applying the eMS SAS software program. 

Results 

The overall frequency of a positive antibody response to H. pylori in the different 
branches of the military forces are presented in Table 1. 

The German submarine crews exhibited a markedly increased frequency in 
total antibody response, as well as in the IgG, IgA and combined IgGjlgA 
responses, when compared to the German air force staff of comparable mean 
age (38.1 % versus 18.9%) and even to the other military branches (French 
infantry) enrolled in this study. This difference in frequencies for both the total 
antibody responses and the IgG and IgA responses in the German submarine 
crews and in the German air force staff was significant when analyzed by logistic 
regression analysis (Table 2) but was not significant when combined IgG/IgA 
response rates were compared. 

The prevalence of H. pylori-specific antibodies did not differ significantly 
between the regular officers and the recruits, both serving in the French infantry 
for different time periods. The frequency of the total antibody response, IgG, 
IgA, and combined IgG/IgA response was comparable in both groups. There 
was no significant difference when logistic regression analysis was applied 
(Table 2). In general the prevalence of anti-H. pylori antibodies (especially IgG) 
was strongly dependent on age (Table 2). The frequency of a positive antibody 
response to H. pylori in the German submarine crews was significantly higher in 
comparison with the other branches of the military fbrces examined in this 
study. 

Table 1. Frequency of a positive antibody response (confirmed by immunoblot) for H. pylori in 
different branches of military forces 

Age (years) 

Subjects Mean Range Total IgG IgA IgG and 
(n) Antibody IgA 

(lgG or IgA) 

German submarine crews 63 26.1 20-33 38.1 31.7 25.4 19.0 
French infantry A 51 26.5 21-39 21.6 13.7 17.6 9.8 

B 135 20.5 19-27 20.0 18.5 11.1 9.6 
German air force 74 23.7 19-31 18.9 16.2 12.2 9.5 

A, regular officers; B, recruits 
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Depending on the group studied, we examined in a prospective manner three 
to four blood samples over a time period of 2 months (German submarine crews, 
n = 64) to 1 year (French infantry recruits, n = 135). No seroconversion was 
detected during these examination periods. 

Discussion 

Sources and routes of H. pylori infection are still awaiting further elucidation, 
but increasing evidence for a person-to-person spread is accumulating. The oral­
oral or fecal-oral mode of transmission is currently under discussion. Several 
reports on indirect person-to-person transmission, predominantly via endo­
scopes [6,9,21] and a higher prevalence of H. pylori in gastroenterologists [17], 
endoscopy staff [22], orphanage children [22], psychiatric patients [22], institu­
tionalized residents, [2] and family contacts of H. pylori-infected patients [16, 
22] confirmed the notion of a person-to-person transmission. 

We examined samples from military personnel from two countries and in 
different branches, presumably having a differing general risk for person-to­
person spread of infection. Submarine crews probably have an overall increased 
risk of acquiring person-to-person infections, especially during submarine mis­
sions, due to the very limited sanitary facilities which were located in a room of 
1.5 m 2, and were used by 16-20 persons. Air force staff, as controls, have the 
main epidemiologic characteristics in common with the German submarine 
crews with the exception of the special conditions characteristic for submarine 
missions as mentioned above. The second presumed risk group was regular 
officers of the French infantry because of their already long military service, 
including quartering in barracks and common food supplies, compared with 
French infantry recruits who had just joined the military service at the beginning 
of the study. 

The immunoblot method, with its high specifity [18, 19], permits a distinc­
tion between specific and cross-reactive antibodies. As described previously [1], 
the 120-kDa and 88-kDa proteins are specific for H. pylori and are infection­
related antigens which are often combined with an 86- and 82-kDa protein 
band. 

Considering the well-known age dependency of the H. pylori antibody 
response [12, 23, 25], the prospective study revealed a significantly higher 
prevalence of anti-H. pylori-specific antibodies in the German submarine crews 
in comparison to the German air force staff. There was a significant difference in 
the frequency of the total antibody response, the IgG antibody response, and the 
IgA antibody response between these two groups, whereas no significant 
difference in the frequency of the combined IgG/IgA response was demon­
strable. This might possibly indicate that in this group the higher prevalence of 
anti-H. pylori antibodies does not indicate a higher rate of more acute, ongoing 
infections with H. pylori, which might be associated with a combined IgGjIgA 
response [22, 24]. On the other hand, the prevalence of combined IgGjIgA 
responses could be too small to be statistically significant, although it was twice 
as high in the German submarine crews compared to the German air force staff. 
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Both groups were comparable in age, sex, common food supply, and health 
condition when entering the army. However, in contrast to the air force staff, the 
submarine crews serve during their missions in an overcrowded space with 
extremely limited sanitary facilities, leading to very close social contacts. These 
conditions may facilitate oral-oral or fecal-oral routes of transmission. The 
submarine crews also exhibited a markedly increased frequency in their anti­
body response when compared to regular officers and recruits of the French 
infantry. 

The main difference between the two study groups from the French infantry 
was that the regular officers had served in the army for years, whereas the 
recruits had just started military service. Nevertheless, there was no significant 
difference in the frequency of the antibody response. In fact, the regular officers 
of the French infantry had a distinct but not significantly lower prevalence of an 
IgG antibody response in comparison to the recruits; this might be influenced by 
a different socioeconomic status in the two study groups. 

The frequency of a positive antibody response in the control groups (Ger­
man air force, recruits of the French infantry) corresponds well with data from 
studies in which blood donors of comparable age in the two countries were 
examined [15, 25]. Depending on the study group in our prospective study, we 
examined three to four blood samples over a time period of 2 months to 1 year. 
During the examination period no seroconversion was detected. Several authors 
quote that the rate of acquisition of an H. pylori infection is one per 100 per year 
[5,20,23]. Although it could be shown that the German submarine crews have a 
significantly higher risk of infection, the study period of 2 months might be too 
short to detect a seroconversion. This deserves further investigation. In the case 
of the French infantry recruits, the sample size of the individuals examined 
might still be too small to guarantee a seroconversion during the observation 
period of 1 year. 

The results of this study strongly suggest that person-to-person spread of 
infection, especially by the oral-oral or fecal-oral route, is the predominant mode 
of transmission of the H. pylori infection. 

Conclusion 

The seroprevalence of H. pylori infection was studied in the following branches 
ofthe armed forces: German submarine crews (n = 64, mean age 26.2 years) and 
regular officers of the French infantry (n = 51, mean age 26.5 years) who had 
served for a minimum of 3 years. The submarine crews were compared with air 
force staff (n = 74, mean age 23.7 years), and the French officers with French 
infantry recruits (n = 135, mean age 20.5 years) who had started their service at 
the beginning of the study. The frequency of an IgG and IgA antibody response 
to a 120-, 88-, 86-, and 82-kDa protein was determined by the immunoblot 
method. The submarine crews revealed significantly raised frequencies of the 
IgG and IgA response compared to air force staff. The antibody responses of 
French officers and recruits were not significantly different. It is concluded that 
submarine crews, serving during their missions in an overcrowded space with 
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extremely limited sanitary facilities must be considered as a high-risk group for 
H. pylori infection. These results strongly suggest the person-to-person route, 
either oral-oral or fecal-oral, of H. pylori infection. 
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Helicobacter pylori Infection Clusters 
in Families of Healthy Individuals 

H.M. Malatyl and D.Y. Graham 1•2 

Introduction 

Within the past decade it has been established that the Helicobacter pylori 
organism is the most common cause of chronic gastritis and H. pylori gastritis is 
strongly linked to peptic ulcer disease [6]. The epidemiology of H. pylori 
infection is beginning to be understood, but the data concerning possible 
reservoirs and transmission are scanty [1-3, 5, 7-9,11-18]. Several studies have 
investigated the parents and siblings of children with symptomatic H. pylori 
infection and have reported a higher frequency of H. pylori infection among 
families of infected symptomatic children than among controls [3, 16]. The 
focus of our studies has been to attempt to avoid the bias associated with 
patient-based studies and to perform traditional epidemiologic studies in the 
healthy population. In this study, we investigated whether there was clustering 
of H. pylori infection within family units of healthy volunteers. We defined the 
status of the family on the basis of the results of H. pylori status in an index 
parent. We found that H. pylori infection was strikingly more frequent in the 
spouse and children of families in whom the index parent was infected, sug­
gesting that person-to-person transmission or common source infection occurs 
frequently. 

Methods 

We investigated the frequency of H. pylori infection within families, defined as 
consisting of a husband and wife with at least one biological child, all living in 
the same household. Inclusion criteria required that both the parents and the 
children had been born in the United States, had used no antibiotic or bismuth 
for the previous 2 months, had no recent major illness or surgical operation, and 
had no symptoms referable to the upper gastrointestinal tract. H. pylori infec­
tion was identified using a 13C-urea breath test [10] and an enzyme-linked 
immunosorbent assay (ELISA) for anti-H. pylori immunoglobulin G (IgG) [4]. 

1 Department of Medicine, Veterans Affairs Medical Center, 2002 Holcombe Blud., Houston, 
TX 77030, USA 
2Division of Molecular Virology, Veterans Affairs Medical Center, 2002 Holcombe Blud., Houston, 
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Statistical Analyses 

Families were identified on the basis of H. pylori status ofthe index parent. Two 
groups were defined: the negative index group in which the index parent was not 
infected with H. pylori, and the positive index group in which the parent was 
infected. The data were analyzed by t test and the Mantel-Haenszel chi-square 
using the SAS program (SAS Institute, Cary, NC). The t test or Wilcoxon rank 
test analyses were used to test the differences between the positive index group 
and the negative index group with regard to the age of the children and the 
parents, to the mean number in the family, and to the family income of the 
parents. We also examined the frequencies of H. pylori infection among the two 
groups to look for evidence of clustering of H. pylori infection within the 
positive index families. The index case was not counted in the calculations to 
determine the percentage infected in the family group. 

Results 

A total of 41 families (151 healthy individuals) residing in different geographic 
regions of the Houston metropolitan area were enrolled. The median number of 
family members was four (range three to six members). Before the results of the 
H. pylori tests were known, one parent was selected as the index case. In 22 
families the index parent was not infected with H. pylori (negative index), but 
was infected (positive index) in 19 families. The two groups of families were 
comparable (p > 0.1) with regard to the number of family members, age of 
children and adults, and family income. The children of the uninfected index 

Table 1. Summary of study populations 

Family members a 

Number of family members 
(median) 
Number of children 
Age of parents (years) a 

mean 
range 

Age of children (years) b 
mean 
range 

Annual family income b 

Race 
black 
white 

a Excluding the index case. 
bMedian. 
* p = 0.05 Wilcoxon rank test. 

Positive Index 
(n = 19) 

54 
4 

35 

36 
19-53 

9 
1-18 

15-25000 

12 
7 

Negative Index 
(n = 22) 

56 
4 

34 

33 
22-40 

6* 
2-17 

15-25000 

6 
16 
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parent were slightly, but significantly younger than those of the infected index 
parents (Table 1). 

Helicobacter pylori infection clustered, i.e., 68% of spouses of H. pylori­
infected index cases were also H. pylori infected compared to 9% of spouses of 
H. pylori-negative index cases (p < 0.0001). The children of infected index 
parents were also more likely to be infected than children of uninfected index 
parents: 40% vs. 3%, respectively (p < 0.0001); and the results in the children 
were independent of whether the father or mother was the index case. Clustering 
of H. pylori infection within families suggests person-to-person transmission or 
common source exposure. The high frequency of H. pylori infection in spouses 
suggests that genetic factors are less important than living conditions for 
transmission of H. pylori infection. 

Black families were overrepresented in the positive index group (12/19) 
compared to the negative index group (6/22) (p < 0.05). We therefore analyzed 
each race separately to determine ifthe clustering phenomenon was independent 
of race; the pattern of clustering was still evident. 

Discussion 

The design of this study was unique because it was based on healthy asympto­
matic volunteers and not on the study of individuals in contact with patients 
with symptomatic H. pylori infection (many with peptic ulcers) [3, 16, 18]. Our 
design allowed us to examine the transmission of H. pylori infection within 
normal households not at high risk for transmission via contaminated instru­
ments or through patient contact. The high frequency of H. pylori infection 
among the spouses and the children living in the same household with a positive 
index parent strongly support a process of person-to-person transmission, a 
common source infection, or both. 

The higher prevalence of H. pylori infection among black families was 
consistent with our previous studies [5, 8] which demonstrated that the age­
adjusted prevalence of H. pylori infection is approximately twice as great in 
blacks than in whites; this difference remained after adjustment for socio­
economic factors. The racial difference in apparent susceptibility to H. pylori 
infection remains unexplained. The high frequency of H. pylori infection in 
spouses suggests that genetic factors are less important than living conditions 
for transmission of H. pylori infection, and this is confirmed by the finding from 
this study that identical twins (age 16 years) in one black family were discordant 
for H. pylori infection. Additional studies in twins are in progress. 
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Reinfection with Helicohacter pylori 
Due to Intrafamilial Clustering of the Organism 

R. Collins, S. Patchett, S. Beattie, C. Keane, and C. O'Morain 

Introduction 

Helicobacter pylori is now well established as a pathogen in humans, being the 
major cause of non-autoimmune chronic gastritis [1]. There is growing evidence 
that it is also an important factor in duodenal ulcer (DU) relapse, with 
consequent implications for changes in DU therapy. However, its mode of 
transmission remains unclear. So far, epidemiological studies suggest possible 
zoonosis, or else person-to-person spread. We have studied 50 patients with 
endoscopically proven DU and in whom H. pylori was grown from antral 
biopsies taken at the time of diagnosis. Following appropriate treatment, at 
8-week follow up all were H.pylori negative and their ulcers were healed. One 
year later, 36% had become reinfected with H. pylori. We set out to investigate if 
person-to-person spread did occur. 

Methods 

Patients 

Eight patients with endoscopically proven DU and antral cultures positive for 
H. pylori were selected as our study group. The control group comprised eight 
patients with normal findings at gastroscopy and negative for H. pylori. The 
family members of each patient were screened serologically for evidence of H. 
pylori infection. 

Materials 

A standard enzyme-linked immunosorbent assay (ELISA) technique was used 
to detect H. pylori antibodies. Antigen was prepared from five strains of H. 
pylori cultured in the laboratory and then harvested in distilled water. The cells 
were disrupted by sonication to produce the antigen which coats the ELISA 
plates overnight. Each patient's serum was diluted with serum immune buffer 
and incubated for 1 h. Positive and negative controls were used for each plate. 
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Anti-human immunoglobulin G (IgG) conjugate was added and then the 
substrate (o-phenylenediamine). The cut-off point for active H. pylori infection 
was an optical density reading at 492 nm of > 1.0. This corresponds with an 
antibody titre of ~ 1/3200. We have previously shown this ELISA technique to 
be highly predictive of active H. pylori infection [2]. 

Results 

A total of 37 family members of the H. pylori-negative patients and 42 family 
members of the H. pylori-positive patients were screened serologically for 
evidence of H. pylori infection. Three out of 37 (8.1 %) in the former group had 
positive titres (i.e. ~ 1/3200, whereas 38/42 (90.5%) were positive in the latter 
group (Fig. 1). 

Discussion 

There is good evidence in support of person-to-person spread of H. pylori from 
current epidemiological data. It has clearly been shown that the prevalence of 
H. pylori infection increases with increasing age [3]. Similarly, the prevalence is 
much higher in underdeveloped countries where poor sanitary conditions may 
facilitate spread by the faecal-oral route [4]. Further evidence supporting 
transmission by this route is that the prevalence of antibodies to H. pylori 
among the general population is similar to the population profile of hepatitis A 
antibodies. One study [5] documents higher serum H. pylori antibody titres 
among patients in an institution for the mentally retarded as compared with 
titres in age-matched blood donor controls. Mentally retarded institutionalised 
patients are a known high-risk group for person-to-person spread of organisms 
by the faecal-oral route. 

Our results clearly demonstrate intrafamilial clustering of H. pylori. By 
chance, there is a higher proportion of young people among the relatives of the 
H. pylori-positive patients. In Western societies, this is a group one would expect 
to be H. pylori negative. However, as can be seen in Fig. 2, 13 individuals in the 
1O-20-year-old age group were in fact H. pylori positive. This can be explained 
by intrafamilial clustering of the organism. 

There have been several studies [6-8] which show serological clustering of 
H. pylori among families of index patients with endoscopic and microbiological 
proof of H. pylori infection. Our study supports these findings among the Irish 
population, there being no other ethnic groups involved in the study. We found 
no significant difference between male and female antibody titres. 

In our study, all of the H. pylori-positive patients had DU, whereas there was 
a miscellany of H. pylori-associated conditions in the other studies. Peptic ulcer 
disease is characterised by relapses and remissions, and the strong association 
with H. pylori infection is well recognised [9-14]. Following successful eradica­
tion, the relapse rate is only 30% [9] and may be accounted for by intrafamilial 
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Fig. 2. Age differences. Solid columns, H. pylori - positive patients; hatched columns, H. pylori -
negative patients 

spread of H. pylori. Therefore, in cases of recurring DU despite successful 
healing, the optimal therapeutic approach may be to treat the patients' family 
contacts, thereby eradicating H. pylori infection and reducing the relapse rate of 
DU. 
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Epidemiology: Summary of Workshop 
and Future Prospects 

R.A. Feldman 

In November 1990, at the European Helicobacter pylori study group workshop 
in Toledo, Spain, a 2-h epidemiology workshop reviewed three main areas: 
infection rates, mode of spread and reservoirs; risk factors for infection and the 
possible association of gastric cancer as a post-infectious complication. There 
was also discussion of the importance of distinguishing in treatment failure 
between recrudescence and re-infection. 

Transmission of H. pylori remains poorly understood. The only available 
data concerning acute infection come from ingestion by adult volunteers. If 
humans are the source of infection, we do not know at what stage an individual 
is most infectious. Transmission may be most common in the first phase of the 
infection, regardless of the age of the person. Or perhaps children, during an 
acute infection, may be the most important source of infection for others, while 
chronic infection of adults may only rarely lead to transmission. Perhaps 
transmission is most likely to occur with oesophagi tis and gastro-oesophageal 
reflux in a person of any age. 

With treatment failure, there are problems distinguishing between recrude­
scence of an original infection, reinfection with the same organism within the 
family or infection with a new genotype of H. pylori [1, 2]. 

Initial Colonization 

It is unclear whether H. pylori reaches the stomach on foods, in water or via 
person-to-person contact. Whatever the vehicle, H. pylori is prevalent world­
wide in both males and females equally [3, 4]. Seropositivity to H. pylori 
develops early in developing countries [5]. In Thailand, 17.5% of children have 
antibodies to H. pylori by the age of 9 years [6J, and in the Gambia 15% are 
positive by 20 months and 46% by 60 months [7]. By contrast, only 5% 
of French children less than 10 years of age are seropositive [5J. In Newcastle 
less than 1 % of children under 5 years are seropositive and less than 6% 
are antibody positive in the 5-16-year age group [3]. In the United States, 
antibodies are rarely seen in individuals under 20 years of age [4]. Seroconver­
sion occurs at an earlier age in lower socioeconomic groups of a population [7, 
8]. 
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In the workshop, further data were presented. Holcombe et aL (see "Heli­
cobacter pylori in children") showed a high (40%) seropositivity rate in pre­
school children in Maiduguri, Nigeria, and late in the plenary session Raedsch et 
aL showed a high positivity rate in young adults in China. Hook Nikanne et aL 
studied sera from a group of endoscoped patients and found history of use of 
alcohol and milk/butter/margarine to be factors associated with an increased 
rate of H. pylori seropositivity. 

Spread by Food 

Experimental studies have shown that H. pylori may survive in chilled foods for 
several days [9]. Some H. pylori isolated from swine have identical genotypes to 
those found in humans [10]. Abattoir workers are more frequently seropositive 
than other people working in the same environment but not having direct 
animal contact [11]. However, vegetarians and populations that abstain from 
eating either pork or beef show no difference in prevalence of seropositivity [5, 
12]. In the workshop, Vaira et aL described further studies concerning an animal 
reservoir for H. pylori. Using a monoclonal antibody to human H. pylori, they 
identified H. pylori-like organisms in the stomachs of pigs and rabbits. At 
present, on balance, a zoonotic reservoir does not appear to explain the major 
epidemiological characteristics of H. pylori infection. 

Spread by Water 

There is inconclusive evidence concerning the spread of H. pylori by water. 
H. pylori has been shown to survive in water [9]. At the workshop, Graham et 
aL presented a report concerning Peru which showed an increased rate of 
seropositivity in persons from an urban area who drank from a municipal water 
supply, when compared with those drinking from private wells [13]. Although 
this may be an isolated finding, it suggests H. pylori reaches water from faecal 
contamination. Nowottny and Heilmann found no correlation between the 
source of drinking water and prevalence of H. pylori antibodies [14]. 

Spread by Fomites 

Helicobacter pylori have been transmitted from one person to another via 
contact with endoscopes. Restriction enzyme analysis of bacterial DNA demon­
strated that the individuals were infected with identical strains of H. pylori. The 
only relationship of these individuals to each other was that they had been 
serially endoscoped [15]. 
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Spread from Person to Person? 

Indirect evidence suggests that person-to-person spread of H. pylori may occur. 
Institutionalised individuals in psychiatric units and orphanages have increased 
antibody prevalence compared to the general population [6, 16]. Jones et 
al. [17], studying adults as index cases, found no increased rate of seropositivity 
in the patients' spouse. If person-to-person spread is a major mode of transmis­
sion, these results suggest that adults are not the major source of infection within 
the family. An increased rate of H. pylori seropositivity has been seen in 
gastroenterologists [18]. 

Several studies have demonstrated familial clustering of seropositivity to 
H. pylori when children were the index cases [19,20]. In the workshop Malaty 
and Graham described family clustering of H. pylori, with the index adult 
defined by absence of symptoms relating to the gastrointestinal tract, absence of 
antimicrobial use, and a positive breath test and positive serology. When the 
index adult was positive by both tests, the index spouse was also frequently 
positive, as were the children, while when the index adult was negative, there 
were few other positives in the family. 

At the workshop Megraud et al. described a study in Burkina-Faso in which 
seropositive mothers and seropositive children were compared to seropositive 
mothers and seronegative children. Premastication of food was more common 
in the families with both mother and child positive, while water supply, 
sanitation and poor dental hygiene were not risk factors. De Giacomo et al. (see 
"Helicobacter pylori in Children") reported serologic studies which showed a 
low rate of seropositivity in young children, and family clustering of positives. 
Hammermeister et al. showed a higher rate of H. pylori seropositivity in 
submariners than in other military comparison groups. 

If person-to-person transmission does occur, is the route faecal-oral or oral­
oral? At the workshop, Blaser showed data that were compatible with a faecal­
oral spread, with comparable rates of transmission of hepatitis A and other 
enterically transmitted organisms and the seropositivity data of H. pylori. 
Mitchell et al. [21] failed to demonstrate viable H. pylori in the faeces of infected 
patients. 

In a study of 71 individuals with H. pylori cultured from the stomach, only 
one had H. pylori isolated from saliva [22]. In this patient, the H. pylori isolated 
both from the stomach and the saliva were indistinguishable by restriction 
endonuclease analysis [23]. More recently, Majmudar et al. [24] reported 
isolating H. pylori from dental plaque of 100% of 40 healthy volunteers. 
H. pylori was confirmed by smear, rapid urease testing and culture. These 
observations are unique. 

There are now several centres using the polymerase chain reaction (PCR) to 
study H. pylori infection [25,26]. Gobert (see "Diagnostic Progress") described 
use of the PCR with identification of H. pylori in saliva, gastric juice and biopsy 
specimens. Saliva was positive, in association with seropositivity, even when the 
biopsy was negative. Vincent et al. described a study of 20 patients in which 
three patients had more than one strain of H. pylori, when studying isolates 
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from antrum, fundus and gastric juice using restriction enzyme analysis of 
strains. 

Helicobacter pylori has not been isolated from nasopharyngeal, biliary, 
colonic nor urethral contents [27]. There are no reports suggesting sexual 
transmission or transmission via blood products. 

At the workshop, there were three presentations concerning the relation of 
prior infection with H. pylori and subsequent gastric cancer. Forman et al. 
presented data on the association of positive serology to H. pylori and gastric 
cancer in China. With a large and geographically broad data set, there was an 
association of positive serology and gastric cancer. Talley et al. compared the 
frequency of H. pylori seropositivity in persons with gastric adenocarcinoma 
and other comparison groups, including those without gastrointestinal disease. 
The relative risk of seropositivity was high for gastric cancer, but also high for 
colorectal cancer. Loffeld et al. described the potential usefulness of quantitative 
studies of bacterial load in studying an association with pathologic findings. In 
addition, in the older patient group, there was an increased frequency of 
seropositivity in the gastric cancer patients, when compared to their healthy 
population. 

Distinguishing Recolonization from Recrudescence 

Typing of H. pylori by DNA restriction endonuclease analysis has allowed 
discrimination between H. pylori strains [28, 29]. Although this technique can 
determine whether re-isolation is due to a new or to the original strain, 
recrudescence as opposed to re-infection of an identical strain cannot be 
differentiated. 

Because it is difficult to determine the time of onset of H. pylori infection, it is 
difficult to study the dynamics of the spread of infection within a family or a 
community. H. pylori immunoglobulin M (IgM) as a marker of acute infection 
may not help as IgM persists long after the initial contact with the organism. 

Future Areas for Investigation 

There are ways to answer questions relating to the source of infection and mode 
of spread. Following a cohort of family contacts of known cases could allow 
early identification of new infections and increase understanding of intra-family 
spread. Study of H. pylori infection in nursery school teachers and child 
minders, populations with particular exposure to children, might indicate 
whether children are a significant reservoir for this organism. Studies of dentists, 
dental technicians and their families might indicate if occupational exposure to 
saliva is associated with increased infection. 

Having identified early infection, an assessment of whether H. pylori is 
present in saliva early in infection could be made. It may be that the organism is 
only present in saliva prior to, or briefly following seroconversion. Francoual et 



Epidemiology: Summary of Workshop and Future Prospects 61 

al. [30J have suggested that transmission of H. pylori may be associated with 
gastroesophageal reflux, and perhaps when reflux is present, transmission via 
saliva is more frequent. 

Frequent exposure to H. pylori throughout life may explain the pattern that 
seropositivity increases with age. However, because infection is often chronic, an 
alternative hypothesis may be that most infections are acquired in childhood 
and the age-related increase in seroprevalence represents predominantly a 
cohort effect, with rates of seroprevalence in adults today predominantly the 
effect of infections occurring many years ago. A cohort study, using sera 
collected many years ago and sera collected from a similar group today could 
test this hypothesis. 

As treatment regimens for eradication of H. pylori become more successful 
[31, 32J, it is important to know if recurrence following successful treatment is 
the result of a genotypically new infection or recrudescence of the original 
infection. Molecular techniques now available can identify whether the post­
treatment organism is of the same genotype as that of the original infection. 
These techniques cannot determine if reinfection has occurred with a genotypi­
cally identical H. pylori to that causing the original infection. Only understand­
ing of how H. pylori spreads will solve this problem. 
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Superficial Components from Helicobacter pylori 
That Are Adherent to Epithelial Cells 

J.L. Fauchere\ M. Boulot Tolle2 , J.L. Beretti2 , and M.J. Blaser3 

Introduction 

The presence of Helicobacter pylori in the human stomach has been highly 
associated with gastritis and peptic ulcer disease [1-4]. Adherence of H. pylori 
to gastric cells of infected patients has been directly observed and may be 
important in the maintenance of infection [5-8]. The attachment of H. pylori to 
gastric cells may involve bacterial components able to bind to specific cellular 
receptors. The cellular receptors may be restricted to the gastric cells explaining 
the exclusive association of H. pylori with those cells, but the specificity of 
H. pylori for the gastric mucosa may also result from the particular micro­
environment of the stomach; in that case, the cellular receptors binding H. pylori 
could be present on other human cells. It is thus reasonable to study the 
colonization factors of H. pylori using epithelial cell lines as has been previously 
described [8-10]. Using micro titer assays, we previously reported [11] a 
bacterial material easily extracted from the surface of H. pylori which included 
components that specifically adhered to HeLa cell membranes. This superficial 
adhering material (SAM) binds to a cellular receptor unrelated to N-acetyl­
neuraminic acid and is thus different from the N -acetyl-neuraminyl-Iactose­
binding hemagglutinin previously described [12]. By gel exclusion chromato­
graphy, the adhering components of SAM copurify with urease activity in 
fractions which included antigens of 60, 52, 30, and 15 kDa. In this work, we 
further identified the adhering components of SAM and we examined the fate of 
viable epithelial cells coated with these adhering bacterial components. 

Materials and Methods 

Strains and Bacterial Procedures 

The H. pylori strain 88D used in this work was isolated from a human gastric 
biopsy. It was identified and stored as previously described [11]. Bacterial 
cultures were grown on blood agar or Muller Hinton plus horse serum, at 37°C 
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under microaerobic conditions for 4 days. For viable counts, appropriate 
dilutions of the bacterial suspensions in 0.15 M NaCI were spread on blood agar 
and after incubation colony forming units (CFU) enumerated. 

Extraction of Bacterial Surface-Exposed Material 

The surface-exposed material was obtained as previously described [11, 13]. 
Briefly, bacterial cells of H. pylori cultivated for 4 days were suspended in sterile 
distilled water, and bacterial suspensions were enumerated by viable count; 1 ml 
of the suspension was saved and sonicated as total bacterial components 
(sonicate). The remainder of the suspension was vortex-mixed for 1 min, then 
centrifuged, and the supernatant was designated as the water extract (WE). The 
glycine extract was obtained by the method of McCoy et al. [14]. The protein 
contained in each extract was determined by the bicinchoninic acid method. The 
same number of agar plates were incubated without bacteria and treated under 
the same conditions to obtain a control extract (CE) devoid of bacterial 
components. 

Assessment of Adherence of Bacterial Components on HeLa Cell Membranes 

The microtiter assay for adherence is based on the immunological detection of 
bacterial material bound onto HeLa cell membranes as previously described 
[11]. This technique provides results well correlated with the microscopic 
reference method. Briefly, microtiter plates were coated with HeLa membranes 
and excess binding sites to the polystyrene were blocked with BSA. After 
washing of the wells, known quantities of the bacterial component were added, 
plates were incubated for 1 hat 3rc and then washed three times. The binding 
material was then quantitated by an enzyme-linked immunosorbent assay 
(ELISA), using rabbit anti-H. pylori sera. For standardization, wells were 
directly coated with known quantities of the studied bacterial component, and 
the ELISA was performed as above. The ratio of the optical density (OD) of a 
given assay well to the OD of the calibration well directly coated with the same 
quantity of bacterial component assessed the proportion of adhering material 
and was expressed in micrograms of adhering bacterial component per micro­
gram of original bacterial component. This method made the results independ­
ent of both the antigenicity of the bacterial components and the affinity of the 
sera. In addition, using monospecific sera, it makes possible the assessment 
of the adherence of any particular constituent from a mixture of bacterial 
components. 

Electrophoretic Analysis of Bacterial Extracts 

The protein profiles were performed by sodium dodecyl sulphate­
polyacrylamide gel phoresis (SDS-PAGE), with migration gels of 13% and 
stacking gels of 4% polyacrylamide. The antigenic profiles were determined by 
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the immunoblot procedure. Two-dimensional gel electrophoresis (2DGE) was 
done by isoelectro-focusing (IEF) in the first dimension and SDS-PAGE in the 
second dimension. IEF was performed in gels containing 4% of ampholytes with 
a pH gradient between NaOH (20 mM) and H 3 P0 4 (6 mM). 2 DGE were 
revealed either by silver staining or by immunoblotting. 

Sera 

Anti-whole-bacterial-cell serum was obtained from a rabbit immunized with 
sonicated bacteria. For monospecific rabbit anti-sera, antigens were obtained by 
preparative SDS-PAGE from 500 p,g crude water extracts from the 88D strain. 
After separation, antigens were electro-eluted and electro-dialyzed against SDS­
free buffer. Antigens were given subcutaneously to rabbits with Freund complete 
adjuvant. After two booster shots, the rabbits were bled 6 weeks after the first 
injection. Titers of the sera were checked by ELISA, and specificity was checked 
by immunoblotting SDS-PAGE or 2DGE of homologous WE against each 
serum. Three sera (A, B, C) to specified antigens were prepared. 

Cytotoxic Activity of H. pylori SAM 

A standard He La cell monolayer was incubated at 37°C for 1 h with various 
quantities of SAM in a 96-well microtiter plate. After elimination of non­
adherent material by washing, HeLa cells were incubated 12 h at 37°C in the 
presence of 20 mM urea in a buffered medium, pH 7.4. Cell monolayers were 
then washed to remove the killed detached cells, and the viable cells still 
adherent on the polystyrene were assessed by Giemsa staining, elution of the 
stain in 0.1 % SDS, and measurement of the OD 620 of the eluate. A HeLa cell 
monolayer treated in the same conditions with minimum essential medium 
(MEM), replacing SAM and urea, represented the 100% cell viability control. 

Results 

Protein and Antigenic Profiles of the Surface-Exposed Material 

The WE and glycine extract (GE) from H. pylori were found to contain 20% 
and 6%, respectively, of the total protein present in the sonicated whole 
bacterial cells. No difference was observed between protein and antigenic 
profiles of WE and GE, with major components of approximately 60, 50,40, 30, 
25, and 15 kDa. 

Two-dimensional gel electrophoresis of WE were silver stained or were 
immunoblotted with anti-H. pylori mono specific sera. The protein pattern of 
WE looked complex (Fig. 1) with several antigens exhibiting different pH i and 
similar MfW. The antigenic patterns obtained with the three monospecific sera 
showed the following antigens (Fig. 2). With serum A: antigen 1 (AgI), mass = 
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Fig. 1. Protein profile pattern of water extract from H. pylori strain 88D. Water extract underwent 
2DGE with IEF in the first dimension (pH gradient between NaOH 20mM and H 3 P04 6mM) and 
SDS·PAGE in the second dimension (13% polyacrylamide) 
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Fig.2a- c. Antigenic patterns of water extract from strain 88D that underwent 2DGE (see legend to 
Fig. 1) and immunoblotted with monospecific sera A, B or C (see text) 

66 kDa, pHi = 4.1- 4.3; Ag 2, mass 48 kDa, pHi = 3.9- 4.6; Ag 3, mass = 
50 kDa, pHi = 5.0-5.5; Ag 4, mass 42 kDa, pHi = 4.7-5.1. With serum B: 
Ag 5-8, mass = 31 kDa and pHi 9.1,8.8, 8.4, and 7.8, respectively. With 
serum C: Ag 9, mass = 15 kDa. The CE contained no detectable protein and no 
H. pylori antigen. 

Identification of the Adhering Components of SAM 

After gel exclusion chromatography, the fractions exhibiting the highest adher­
ence activity were immunoblotted with an antiserum raised against whole 
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Fig. 3. Proportion of antigens of water extract from strain 88D, adhering to HeLa cell membranes. 
ELISA adherence assay was performed with 10 Jlg HeLa cell membranes and various quantities of 
water extract. The adhering material was revealed with either anti-serum to whole bacterial cell or 
monospecific sera A, B or C. Serum A recognized antigens between 42 and 66 kDa, serum B 
recognized antigens of 30 kDa and serum C recognized antigens of 15 kDa. Triangles, all antigens; 
circles, 66-kDa antigens; open squares, 30-kDa antigens; solid squares, 15-kDa antigens 

bacterial cells. These fractions included a major antigenic band of 60 kDa and 
minor bands at about 52, 30, and 15 kDa [11]. These bands were not (or were 
only slightly) present in the fractions from the nonadherent peaks. 

To identify the single subcomponent that is the bacterial ligand binding to 
the host cell receptor, we used the above A, B, C sera in the adherence ELISA to 
assess the proportion of a given group of antigens binding to HeLa cell 
membranes. We assessed both the original quantities and the adhering fractions 
of each group of antigens with each specific serum or with the anti-whole-cell 
serum (Fig. 3). Anti-whole-cell serum showed that 80% of the original bacterial 
material adhered on HeLa cell membranes. Of the 42-66-kDa antigens present 
in the original material and identified by serum A, 60% ( ± 5%) bound to He La 
cell membranes versus 12% ( ± 2%) of the 30-kDa antigens (identified by serum 
B) and less than 10% for the 15-kDa antigens (identified by serum C). These 
results suggest that 42-66-kDa antigens include the bacterial ligand binding to 
the cellular receptor. 

Fate of Host Cells Coated with H. pylori SAM 

We then determined the fate of viable HeLa cells coated with H. pylori SAM. In 
the absence of urea, fewer than 10% of the cells were killed regardless of the 
quantity of SAM coating the cells. In the presence of urea, the percentage of 
killed cells increased with the quantity of SAM coating the cells (Fig. 4). This 
effect was inhibited by aceto-hydroxamic acid (1 %), a well-known inhibitor of 
urease (Fig. 4). In absence of SAM coating the cells, viability of HeLa cells was 
88% after 12 h of incubation with urea 100 mM. Thus, SAM exhibits a dose­
related cytotoxicity related with urease activity, presumably due to released 
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Fig. 4a-b. Cytotoxic activity of superficial material from H. pylori, fixed to viable HeLa cells. HeLa 
cells were coated with SAM, washed, and incubated for 12 h with urea. The killed cells were 
eliminated, and the remaining viable cells were assessed colorimetrically. The results show a urea­
dependant cytotoxicity related to the quantity of SAM coating the cells (a). This cytotoxicity was 
essentially completely inhibited by acetohydroxamic acid, a known urease inhibitor (b). In the 
absence of SAM coating the cells, 88% of HeLa cells retained their viability after 12-h incubation 
with 100 mM urea 

ammonia. There was a dose-related cytotoxic effect of ammonium sulfate on 
HeLa cells with 100% killed in the presence of ammonium sulfate 0.05 mM, 
further suggesting the toxicity of ammonium ions to these cells. 

Conclusions 

Our data indicate that H. pylori exhibits an abundant surface-exposed material, 
easily extracted and containing both urease and adherence activities. These two 
activities are present in components of similar molecular weights, including a 
high-molecular-weight protein complex and three subunits of 42-66,30, and 15 
kDa, respectively. The bacterial ligand which binds to the cellular receptor is 
associated with the antigens between 42 and 66 kDa. Fixation of SAM to the 
target cell leads to a urease-dependant cytotoxic effect. 
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It is therefore possible that the adhering component may be a component 
complexed with urease in the surface-exposed material. The adhering compon­
ent may be the urease itself acting as an adhesin while it is attached to the 
bacterial cell or adhering directly when exported from the cell. Urease that is 
fixed to gastric cells may be ideally located to efficiently hydrolyze urea 
extracted from the blood stream. The urease activity concentrated at the 
membrane level of the host cell may participate in cell damage. Both the 
previously described hemagglutinins and SAM may be relevent in H. pylori 
colonization of the human gastric mucosa. In favor of this hypothesis is that 
75% of colonized patients develop an antibody response against the hema­
gglutinin and 98% have antibodies against urease [15], demonstrating the close 
association of these two components with the colonized mucosa. 
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Bismuth Bioavailability from 205Bi-Labelled 
Bismuth Compounds Used in Suppression 
of Helicobacter pylori and Treatment of Peptic Ulcer 

B. Dresow, R. Fischer, E.E. Gabbe, and H.C. Heinrich 

Introduction 

Bismuth compounds have been used for over 2 centuries mainly for the 
treatment of gastrointestinal disorders. Long duration of the therapy periods 
with high dosages (up to 20 g per day) had occasionally led to serious side effects 
in the past, including encephalopathies and nephropathies [1,2]. 

Attention has once again been drawn to the use of bismuth preparations 
when these compounds were shown to be effective in the suppression of 
Helicobacter pylori infections [3]. These bacteria were found to be present on 
gastric mucosa of patients with gastric and/or duodenal ulcers and are discussed 
as an important factor in the etiology of peptic ulcer disease [4]. 

Despite the examples of bismuth intoxications described in the past and the 
widespread use of pharmaceutical bismuth preparations nowadays, there are 
only a few studies in the literature concerning the absorption and pharmaco­
kinetic data of bismuth from oral dosages in human. Postabsorptive serum 
bismuth concentrations were measured in patients receiving oral colloidal 
bismuth subcitrate [5]. Bierer [6] found that, from orally administered bismuth 
subsalicylate, more than 99% of the ingested bismuth was excreted with the 
feces and only about 0.003 % was excreted in urine during the first 8 days 
following. administration. Patients receiving colloidal bismuth subcitrate had 
higher plasma bismuth levels than those receiving basic bismuth salicylate [7]. 
Further studies, especially with different bismuth preparations in comparison. 
are not known from the literature. 

The aim of the present work was to study the bioavailability of bismuth from 
various single dose 205 Bi-Iabelled pharmaceutical bismuth preparations used in 
peptic ulcer therapy in humans. 

Material and Methods 

Tracer 205Bi-nitrate (t 1/2 = 15.3 days) was isolated from proton-irradiated 
206 Pb-enriched lead target as described previously [8]. 

Abteilung Medizinische Biochemie, Universitatskrankenhaus Eppendorf, Martinistr. 52, 
2000 Hamburg 20, FRG 
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H. pylori and Gastroduodenal Pathology 
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205 Bi-Iabelled basic bismuth salicylate, basic bismuth gallate, basic bismuth 
nitrate, and bismuth aluminate were synthesized according to Dresow et al. [9]. 
205 Bi-colloidal bismuth subcitrate was prepared by exchange labelling of the 
commercial preparation (Byk Gulden, Konstanz) [9]. 

The absorption of radio bismuth was studied in five male and one female 
volunteers (30-60 years) who gave their free and informed consent to their 
participation in this study. The 205 Bi-preparations (200 mg bismuth, 
72-370 kBq) were administered together with 200 ml water after an overnight 
fast. After administration the volunteers fasted for a further 2 h. Urine and feces 
were collected for 4-20 days following administration. According to ICRP 30 
(assuming a bismuth absorption of 5% from various bismuth compounds) the 
weighted committed dose equivalent was calculated to account for 0.08 and 
0.4 mSv for the administered 205 Bi activities which is equivalent to 0.06% 
-0.34% of the natural radiation burden. 

Total body radioactivity was measured in a 4n geometry liquid scintillation 
whole body counter in the y-energy range of 200-1800 keY [10] and simultan­
eously by a fixed-position Germanium body detection system (two 93% 
p-HPGe type systems [11] ) (Fig. 1). Retention measurements were performed 
20 min after oral application ( = 100% reference value) and on days 7, 11, 14, 
and 21 post oral intake. Whole body count rates were normalized to an aliquot 
of the administered 205Bi charge inside a body phantom. The lower detection 
limit for the 4n whole body counter was 40 Bq (measuring time = 300 s), 
equivalent to a retention value of 0.05%-0.02%. The simultaneous measure­
ment with the HPGe body counter system, detection limit 50 Bq (measuring 
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Fig. 1. Total body )'-spectrum (RF) 7 days after oral intake of 200 mg (160 kBq) colloidal bismuth 
subcitrate and "non absorbable" 51CrCL3 tracer dose (400 kBq), recorded by two HPGe detectors 
(E"I = 93%; dE = 2keV) 
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time = 3000 s), demonstrated that any change in total body activity was caused 
unambiguously by 2osBi. 

Radioactivities of aliquots from the original oral doses and of urine and feces 
were spectroscopied in a shielded Germanium detector (36% n-HPGe type, dE 
= 1.9 keY; Canberra GmbH, Frankfurt) showing 2osBi, 134CS, and 137CS 

(from the Chernobyl fallout), and 4°K (natural) isotopes. Excreta were mea­
sured in a standard 1.2 I Marinelli beaker geometry with a detection limit of 
0.4 Bq equivalent to 0.0005%-0.0001 % of oral dose for 205Bi and data 
acquisition times up to 24 h. 

Compartment Model Analyses 

Experimental urinary excretion data, analyzed by a two- or three-compartment 
model, resulted in more precise uptake parameters (Table 1) independently of 
the different collection periods (3-20 days). Originally, this model was de­
veloped for similar experiments in rats [9]. The exponential function for 
accumulated urine data, U(t), is characterized by rate constants, ki' and 
compartmental uptake parameters, Ai: 

U(t) = LiA;[1 - exp( - kit)]; i = 1, 2,N ... 

Data were fitted by a nonlinear least square method (Marquardt algorithm). 
Total uptake was calculated as LiAi, assuming urinary excretion as the only 
elimination pathway for absorbed bismuth. This procedure, performed for basic 
bismuth salicylate and colloidal bismuth subcitrate in five subjects in intra­
individual comparison, is documented in Fig. 2. The almost ten times higher 
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Fig. 2. Fitted individual 205 Bi model curves from accumulated urinary excretion after oral intake of 
colloidal bismuth subcitrate or basic bismuth salicylate (200 mg bismuth, 70-300 kBq 205Bi) in five 
subjects. Uptake was calculated from asymptotic function values 
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absorption of bismuth from the colloidal subcitrate compared to the basic 
salicylate is one of the results summarized in Table 1. 

The accumulated 205 Bi urine excretion data could be described adequately 
(chi-square < 1) by a two-compartment model with mean biological half-lives 
of 0.12 and 1.5 days. There were no significant differences in the kinetic 
parameters among the five different bismuth preparations used. 

In addition, a three-compartment model with a long-term biological half-life 
fixed to 21 days according to Froomes et al. [5] was applied to the urinary 
excretion data from 105Bi-colloidal bismuth subcitrate ingestion. Neither a 
significant improvement in fit residuals nor any distinct change in kinetic 
parameters was evaluated, whereas nearly 50% of bismuth may be eliminated by 
the third compartment with a rate constant of 0.033 day -1 . 

Results 

The absorption of bismuth from five 205 Bi-Iabelled pharmaceutical bismuth 
preparations was studied in humans. From single oral doses (200 mg bismuth, 
72-370 kBq 205Bi) of all five compounds under study only minimal amounts of 
bismuth ( < 0.1 % of dose) were absorbed and excreted with the urine. As judged 
from the accumulated urinary excretion, significantly higher amounts of radio­
bismuth were absorbed from the colloidal bismuth subcitrate and the basic 
bismuth gallate as compared to the bismuth aluminate, basic bismuth salicylate 
or the basic bismuth nitrate (Table 1). 
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Fig. 3. 20S Bi whole body retention (HPGe detector; squares), urinary (per day; circles) and fecal (per 
day; crosses) excretion rates (percentage of dose) after oral intake of 200 mg colloidal bismuth 
subcitrate (160 kBq) with three-compartment model fit for 24-h urine loss 
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The radiobismuth whole body retention measured 7 days after administra­
tion indicated that ~ 0.1 % of the administered dose of bismuth accumulated in 
the body. In parallel with the urine data, a fivefold higher whole body radioac­
tivity was observed for the 205 Bi-colloidal bismuth subcitrate and the 205 Bi 
basic bismuth gallate compared to the 205Bi-labelled salicylate, nitrate, and 
aluminate (Table 1). Ten to twelve days after ingestion of a single dose of the 
labelled compounds, the whole body retention was below the detection limit. 

Calculated from the whole body retention and from accumulated urinary 
excretion, more than 99.9% of the oral bismuth is excreted with the feces 7 days 
after administration. In order to determine the ratio of bile:urine excretion of 
absorbed bismuth, additional 205Bi measurements of feces were performed in 
five cases. From day 12 after ingestion radiobismuth activities in feces (bile 
excretion) and urine of the same interval were in the ratio of 1 : 1 (Fig. 3). 

Discussion 

From oral doses of five V 205 Bi-Iabelled pharmaceutical bismuth preparations, 
the radiobismuth absorption and excretion with the urine was found to be 
extremely low for all compounds tested. Differences in the urinary excretion rate 
indicate an approximately ten times higher bismuth absorption rate from 
colloidal bismuth subcitrate and basic bismuth gallate than from the other 
compounds involved in this study. These observations are in good agreement 
with recent results [7] that higher plasma bismuth concentrations were mea­
sured in patients receiving colloidal bismuth subcitrate (DeNo 1; Gist Brocades, 
The Netherlands) over a period of 4 weeks than in a group of patients on basic 
bismuth salicylate for the same period. Also comparable with our results are 
data published by Bierer [6]. He found that from 4.6 g orally administered 
bismuth subsalicylate (basic bismuth salicylate) more than 99% of the ingested 
bismuth was excreted with the feces while only about 0.003% was found in the 
urine during the first 8 days following administration. 

We have shown recently in rats [9] that the intestinal absorption of bis­
muth from various 205Bi-Iabelled pharmaceutical bismuth preparations was in 
general small: Calculated from accumulated 205Bi-urinary excretion and 205Bi 
whole body retention in rats, a significantly higher uptake was observed from 
colloidal bismuth subcitrate (0.35% of dose) as compared to gallate (0.11 %), 
salicylate (0.08%), nitrate (0.07%) and aluminate (0.04%). 

More than 99.9% of the ingested radiobismuth is excreted with the feces. 
Monitoring the rate offecal to urinary 205Bi-excretion, a continuous decay up 
to 10-12 days following administration is observed, indicating a long intestinal 
passage time ofthe nonabsorbed bismuth. Beyond day 12 the ratio of radiobis­
muth excreted with feces (bile excretion) and urine is 1:1. In studies in rats Vienet 
et al. [12] and Dresow et al. [9] showed a bile:urine excretion rate of absorbed 
bismuth of 1:4. A bismuth bile:urine ratio of 1:2 was recently determined in 
patients directly after 4 days of bismuth subcitrate therapy [13]. Therefore, more 
realistic bismuth absorption values would be achieved in multiplying the uptake 
parameters of Table 1 by a factor of 1.5. 



Bismuth Bioavailability from 2osBi-Labelled Bismuth Compounds 79 

The very low whole body radioactivities measured 7 days after administra­
tion gave no hint of any accumulation of bismuth in the total body. Owing to 
the relatively long gastrointestinal passage of the high fraction of nonabsorbed 
bismuth competing with the short biological half-life of the absorbed 205Bi, the 
7-day whole body retention even seem to be too high. 

Biological half-lives of 0.12 (fast transit?) and 1.5 days were evaluated from 
compartment model analyses of urine excretion data. Most biological half-lives 
of bismuth were determined from elimination in blood and urine after disconti­
nuing multiple dose therapy with colloidal bismuth subcitrate over several 
weeks. These data are dominated in the elimination as well as in the accumu­
lation phase by long-term components of 10-30 days [5]. A short half-life of 1.4 
days was registered in the single dose experiment of Bierer [6]. 

Model Simulation for Typical Therapy Regimens 

Theoretically the pharmacokinetic parameters calculated from 205 Bi-urine data 
(Table 1) enable the prediction of total body content from the continuous 
bismuth intake rate (multiple dosing). Assuming a constant ratio between 
bismuth plasma levels and total body bismuth, the mean plasma concentrations 
in the accumulation phase of the multiple dose experiment of Froomes et al. [5J 
were reanalyzed with our three-compartment model parameters of Table 1. 
Compartmental uptake values, Ai' were increased by a factor of 1.5 [13J due to 
additional bile (feces) excretion. A bismuth plasma concentration of 10 j1.g/1 
corresponds to 1 mg total body content (Fig. 4). 
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Fig. 4. Model simulation of plasma bismuth levels for present therapy schemes: therapy with 
430 mgjday bismuth subcitrate (1), 860 mgjday bismuth subcitrate and increased uptake of 0.23% 
(2), and with 720 mgjday bismuth salicylate (3). (Model parameters are derived from the experi­
mental data of Froomes et al. [5] and this work) 



80 B. Dresow et al. 

Curve 1, calculated for a recommended colloidal bismuth subcitrate dose of 
430 mg/day, intersects the maximal plasma concentration (33.7 jlg/1) of the 
Froomes experiment at 36 days after the beginning of therapy. Under steady­
state conditions beyond 2 months of continuous therapy, the alarm level of 
50 jlg/1 [2] will be easily achieved. Curve 2 was calculated with twice the 
multiple dose (860 mg/day) and for an increased uptake value of 0.23%. Plasma 
levels of 880 jlg/1, as recently reported by Playford et al. [14] will not be 
achieved under normal circumstances. Curve 3, calculated for basic bismuth 
salicylate and a therapy dose of 720 mg/day, will probably remain far below the 
alarm level. 

Conclusion 

An evaluation of bismuth absorption from oral 205 Bi-Iabelled compounds was 
only possible from urinary excretion data. The accumulated radio bismuth urine 
excretion determined at least the lower limit of bismuth uptake. Part of the 
absorbed bismuth could have been excreted with the feces (bile excretion). 
Following a single oral dose, an accumulation of bismuth in the body was not 
found as demonstrated by whole body retention measurements. 

From the five bismuth compounds compared in this study, considerable 
bismuth amounts were absorbed only from the colloidal bismuth sub citrate and 
the basic bismuth gallate. The relatively higher bioavailability of bismuth from 
these salts may be one explanation for the reported bismuth intoxications. In 
view of higher dosages and/or longer therapy intervals, e.g., in the treatment of 
H. pylori infections, the differences in absorption among the different bismuth 
compounds should be kept in mind. 

Acknowledgement. This research was sponsored by the Kernforschungszentrum Karlsruhe GmbH. 

References 

1. Buge A, Rancurel G, Poisson M, Dechy H (1974) Encephalopathies myocloniques par les sels 
de bismuth. Nouv Presse Med 3: 2300-2315 

2. Hillemand P, Palliere M, Laquais B, Bouvet P (1977) Traitement bismuthique et bismuthemie. 
Semin Paris 53 : 1663-1669 

3. McNulty CAM, Dent J, Wise R (1985) Susceptibility of clinical isolates of campylobacter 
pyloridis to 11 antimicrobial agents. Antimicrob Agents Chemother 28:837-841 

4. Marshall BJ, Mcgechie DB, Rogers PA, Glancy RJ (1985) Pyloric campylobacter infection and 
gastroduodenal disease. Med J Aust 142: 439-444 

5. Froomes PRA, Wan AT, Keech AC, McNeil JJ, McLean AJ (1989) Absorption and elimina­
tion of bismuth from oral doses of tripotassium dicitrato bismuth ate. Eur J Clin Pharmacacol 
37:533-536 

6. Bierer DW (1990) Bismuth subsalycilate: history, chemistry, and safety. Rev Infect Dis 12 
[Suppl 1]: 3-8 

7. Raedsch R, Walter-Sack I, Weber E, Blessing J (1990) Pharmakokinetik von Wismut-Praraten 
bei Patienten mit Gastritis und Ulkuskrankheiten Klin Wochenschr 68: 488 



Bismuth Bioavailability from 2osBi-Labelled Bismuth Compounds 81 

8. Fischer R, Dresow B, Wendel J, Bechthold V, Heinrich HC (1991) Bi-205/Bi-206 cyclotron 
production from Pb-isotopes for absorption studies in man. Int J Appl Radiat Isot (submitted) 

9. Dresow B, Nielson P, Fischer R, Wendel J, Gabbe EE, Heinrich HC (1991) Bioavailability of 
bismuth from 2osBi-labelled pharmaceutical oral Bi-preparations in rats. Arch Toxicol (65: 
646-650) 

10. Heinrich HC, Gabbe EE, Whang DH (1965) Empfindlichkeits- und Giitekenngriipen des 
Hamburger 41!-Gropraum-Radioaktivitatsdetektors mit fliissigem organischen Szintillator. At­
ompraxis 11 : 430-439 

11. Fischer R, Heinrich HC (1990) Identifizierung und Quantifizierung inkorporierter Radionuk­
lide im menschlichen Kiirper. BUNR-Schlupbericht St Sch 1024 

12. Vienet R, Bouvet P, Istin M (1983) Cinetique et distribution du 206Bi chez Ie rat et Ie lapin: un 
modele. Int J Appl Radiat Isot 34: 747-753 

13. McLean AJ, Islam S, Lambert JR (1990) Anomalous short plasma elimination half life in a 
patient intoxicated with bismuth subcitrate. Gut 31: 1086 

14. Playford RJ, Matthews CH, Camphell MJ, Delves HT, Hla KK, Hodgon HJF, Calam J (1990) 
Bismuth induced encephalopathy caused by tripotassium dicitrato bismuthate in a patient with 
chronic renal failure. Gut 31: 359-360 



Optical and Electronic Findings in Helicobacter 
pylori Infection of Antral Mucosa 

J.D. Delgado Bellido, F. Rivera Hueto, 1.1. Rios Martin, 
and 1.M. Herrerias Gutierrez 

Introduction 

Helicobacter pylori (HP) infection is etiologically related to type B chronic 
gastritis, which is the underlying condition in most cases of peptic ulcer, 
especially duodenal ulcer (DU). Chronic gastritis affects the antral mucosa 
principally, with focal involvement of the fundus, showing a close association 
between the presence of HP colonization and the increase of polymorphonuc­
lear leukocytes (PMN) [1]. 

Histopathological studies, specially those made with electron microscopy 
(EM), can contribute to elucidate the pathogenic mechanisms and the spatial 
distribution of the HP with relation to the gastroduodenal mucosa [2-9]. The 
HP is often associated with the intercellular junctions of gastric and duodenal 
epithelial cells [6, 10]. The localization of HP, close to intercellular junctions, is 
thought to be due to the presence of adequate matters for growth, such as hemin 
and urea [10]. The HP induces several ultrastructural alterations: cell necrosis, 
phagolysosomes (vacuolization), alterations of the intercellular complexes, 
luminal bulging of mucosal cells, edema, degeneration of microvilli, depletion of 
mucous granules, and others [3-5, 7, 9]. Some histochemical studies demon­
strated an increase of glycoproteins rich in sialic acid inside the apical cytoplasm 
of the gastric mucosal cells, related to the HP attachment [7]. 

The EM studies show the presence of attachment structures, called pedestals, 
similar to those observed in the enteropathogenic Escherichia coli [11]. The 
adherence of different HP strains, studied in vitro by means of immunofluore­
scence and both scanning and transmission EM, shows a close association 
between bacteria and two out of the four cell lines studied. Cup-like attachment 
structures, different from those of pedestals, have also been observed [12]. 

The attachment to mucosal surfaces is the initial event in the pathogenesis of 
most infectious diseases caused by bacteria in animals and humans. Bacterial 
adherence is a selective phenomenon mediated by specific adhesive molecules on 
the bacteria surface, called adhesins, as well as those on host cell membranes, or 
receptors [13]. The different appearances of bacterial adhesins have been 
classified into three groups: fimbriae or pili, fibrillae, and afimbriae or non­
fimbrial. The latter is beyond resolution of EM, and the HP adhesin is supposed 
to have a nonfimbrial structure with specific physical and biochemical proper­
ties: antigenic, heat sensitive, destroyed by pronase and papain, but resistant to 
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pepsin and trypsin [14]. Besides, it has been demonstrated a sialoconjugate 
structure, both in the adhesin (N-acetylneuraminyllactose) [14], and in the 
receptor by means of specific hemagglutination-inhibition assays [14, 15]. 

The HP is a vigorous urease producer, and it is precisely this property that is 
being used for its detection [16]. There is a good correlation between the results 
of the urea test and the histopathological findings [17]. Moreover, an inverse 
relationship between the time for a positive reaction and the density of HP 
colonization has been suggested [18]. 

Our study is an attempt to observe the mucosal changes both at optical and 
ultrastructural levels, in selected antral biopsy samples, and to examine the 
spatial relationship between the bacteria and gastric mucosal cells. 

Material and Methods 

We performed a histopathological study of antral biopsies, taken within 5 cm 
from the pylorus, in 32 successive patients. At least two samples from each 
patient were taken at the beginning of gastroscopy. 

The first sample was used in a rapid urea test, commercially outlined for HP 
detection (CLOtest, Delta West Ltd., Western Australia). The biopsy specimen 
was inserted into the CLOtest at room temperature and evaluated after 5 and 
20 min: the presence of HP was estimated to be positive if a red or pink 
coloration appeared surrounding the biopsy specimen. In case of a negative test, 
a further re-evaluation was made after 3 h. The positive tests from 1-3 h were 
considered slightly positive because of scanty colonization. 

The second biopsy specimen, embedded in formaldehyde, was processed for 
optic microscopy (OM). Two different stains were used: hematoxylin and eosin 
(HE) and Warthin-Starry (WS). 

In order to detect profuse colonized samples of antral mucosa for the 
ultrastructural study, a third antral sample was obtained from a selected group 
of patients. The rules outlined for this selection are: (a) endoscopic diagnosis of 
active DU; and (b) positive CLOtest within the first 5 min. 

The selected samples were fixed for 4 h into a 2.5% glutaraldehyde solution, 
buffered with a O.1-M sodium cacodylate solution at pH 7.2. The fragments were 
dehydrated with ethanol at increasing concentrations (30%, 50%, 70%, 90%, 
100 x 2),15 min in each step, and later on into oxide of propylene. The inclusion 
and fulfillment of the blocks into polyethylene capsules was made into Spurr 
resin, according to the usual practice of an EM laboratory. The sections, 
randomly chosen, were observed and photographed with a Zeiss EM900 
electron microscope. 

Results 

The CLOtest results were the following: 22 positive, three slightly positive, three 
and seven negative. With HE stain, bacillary structures were identified in 20 
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cases (19 CLOtest positive, one CLOtest slightly positive), whereas no bacteria 
were detected in the 12 remaining cases (CLOtest: three positive, two slightly 
positive, and seven negative). In nine cases with an endoscopic diagnosis of DU, 
the CLOtest came out positive before 5 min. These cases were selected for EM 
study. 

The histopathological diagnoses have been grouped into three classes 
according to the type, degree, and depth of infiltrate. We have used the same 
terminology and histopathological concepts employed by Barwick [19]. 
Chronic active gastritis- superficial with PMN infiltrate-was diagnosed in 13 
cases; chronic gastritis-superficial without PMN infiltrate- in 11 cases; chronic 
atrophic gastritis-implication of glandular region with or without acute 
infiltrate- in one case; no changes in six cases; and carcinoma in one case. 

A good correlation of the CLOtest results with both histopathological 
findings and HE stain was observed (p < 0.0001) (Figs. 1, 2). No differences 
were found in the detection of HP with WS or HE if a suitable objective (of oil 
immersion) and enlargement ( x 1000) were used. 

Bacillary structures of curved appearance were identified with OM and EM. 
The optical changes observed in the HP antral infection were: a raised PMN 
infiltrate in relation to HP presence; HP accumulation either close or adhered to 
mucous membrane; an intercellular junction predilection; presence of epithelial 
"microerosions"; transformation from a cylindrical to a cuboidal form of the 
infected epithelial cells. Focal areas of intestinal metaplasia were detected, but 
none of them presented HP colonization. 

The ultrastructural changes observed in the nine cases selected for EM study 
could be grouped into two stages (Table 1) according to the spatial distribution 
between the HP and the glycocalyxes of mucosal cells. These stages have 
different changes and HP density, and could be simultaneous in neighboring 
areas. Our observations show an inverse relationship between the degree of 
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Fig. 1. CLOtest-histopathology correlation (n = 32) (p < 0.001). Solid columns, positive CLOtest; 
hatched columns, slightly positive CLOtest; dotted columns, negative CLOtest; CACG, chronic active 
gastritis; CG, chronic gastritis; CATG, chronic atrophic gastritis; NC, no change; CA, carcinoma 
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Fig. 2. CLOtest- hematoxylin and eosin stain (HE) correlation (n = 32) (p < 0.001). Solid columns, 
positive CLOtest; hatched columns, slightly positive CLOtest; dotted columns, negative CLOtest 

Table 1. Stages of Helicobacter pylori attachment 

Mucosal Cell 

Stage Glycocalix Cytoplasm H pylori 

Approximation Preserved Normal Numerous 
microvilli vacuoles Intact 

Free into mucus 
Adhesion 
Early phase Altered Normal Afimbriae 

microvilli vacuoles network 
Bulging Blurred HP 

edge 
Predilection to 

intercellular 
junctions 

Later phase Pedestals Altered Bacterial 
Cup-like electronic destruction 
Microvilli density of 

loss vacuoles 

damage to the glycocalyx and the germ density. The first stage, or approxima­
tion, with a high HP density, presents undamaged bacteria, a preserved gly­
cocalyx and microvilli system, together with normal mucous vacuoles (Fig. 3). 
The second stage, or adhesion proper, has two phases: the early phase character­
ized by an afimbrial network between the bacteria and microvilli. In this phase, 
the glycocalyx could be altered, or slightly distorted, and presents luminal 
bulging (Fig. 4). Bacteria are concentrated close to intercellular junctions, and 
some of them which are nearer to the glycocalyx could show blurred those edges 
(Fig. 5). 



86 J.D. Delgado Bellido et al. 

Fig. 3. a Microvilli (mv) system surrounding HP, with preserved bacterial edges. x 12000. b 
Enlargement of previous a with a thin network extended between HP capsule and microvilli 
(arrows ) 

In the late phase of adhesion, it is possible to observe a low density of 
bacteria, in most cases attached, with "mature" attachment implements: pedes­
tals or cup-like structure. There is a complete loss of the microvilli system and an 
abnormal electronic density of mucous apical vacuoles. Some cells take on a 
metaplastic appearance. At this stage, it is common to observe bacterial 
destruction. 

Discussion 

The urease tests are suitable tools for a quick detection of HP, with high 
sensitivity and specificity [17, 18]. These tests could be used during the 
endoscopic procedure, allowing a rapid diagnosis of antral infection. Also, a 
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Fig. 4. a Close to intercellular junction (ei), early phase of adhesion, with bacterial edge slightly 
blurred (arrow) ; (af), b a fimbrial network. Concurrence of adhesion structures: afimbriae (af) and 
cup-like (el) structures. (arrows) 

good correlation between the positive CLOtest and histopathological findings 
of chronic gastritis has been observed in this study. Besides, the inverse 
relationship between time and density suggested by other authors [18] is 
confirmed, provided there is a good selection of samples for EM. 

The OM observations suggest morphological transformations in mucous 
epithelial cells of the antrum in the context of type B of chronic gastritis. Our 
OM study supports the association of the HP infection with the well-known 
findings of type B chronic gastritis [1, 19]. 

In our opinion, the most interesting aspec.t of EM study is the attachment 
process and the ultrastructural alterations induced by HP into glycocalyx. The 
concept of stages in relation to bacterial attachment to epithelial surfaces has 
been used to define the spatial distribution of other bacteria such as E. coli [20] 
and the HP itself [9] to glycocalyx. The HP attachment to the glycocalyx of 
mucosal antral cells takes place after the complete loss of the microvilli system. 
First, the bacterial afimbriae are in contact with microvilli. Then cup-like and 
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Fig. 5. a Glycocalyx slimming, microprotrusions, and blurring of the bacterial edge nearest to 
glycocalyx. b Enlargement of the closest areas. eM, 

pedestal-like extrusions of mucosal cell glycocalyxes appear. These changes have 
been observed in most of the Gram-negative bacteria [13J and are attributed to 
the interaction between polysaccharides of the microvillar glycocalyx and 
an tigenic saccharides of the bacteria [13, 14, 20]. The increase of sialic residues, 
detected with Limax fiavus agglutinin in the presence of attached HP [7J, is 
consistent with the proposed biochemical nature of both fibrillar hemagglutinin 
of HP [14J and its mucosal receptors [14, 15]. Moreover, although the sialic 
acid is not a saccharide abounding in normal gastric mucins, in which the fucose 
predominates, it is prevalent in intestinal metaplasia areas. To this effect, the 
metaplastic appearance taken on by antral mucosa in the late phase of bacterial 
attachment, and observed in this study, might have a histochemical correspond­
ence. 

Our belief is that an accurate knowledge ofthe ways ofHP attachment could 
contribute to the development of new medicaments against bacterial and/or 
glycocalyx surface components involved in the adhesion. 
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Bacteria and Gastrin Release 

J. Calam 1, R.A. Goodlad 2 , c.Y. Lee 2 , B. Ratcliffe 3, M.E. Coates 4 , 

G.W.H. Stamp2, and N.A. Wright 2 

Introduction 

Expansion of Scientific knowledge and techniques has put pressure on re­
searchers to narrow their interest to quite specific topics. Apart from the clinical 
benefits that it is bringing, work on Helicobacter pylori is refreshing because it 
forces us to think laterally and consider interactions between changes observed 
in different disciplines such as biochemistry, physiology, immunology and 
bacteriology. 

H. pylori and Gastrin Release 

We considered that H. pylori might increase gastrin release by making the antral 
micro-environment alkaline through urease-derived ammonia [23]. Our results, 
and those of others [15, 24, 27], showed that H. pylori does indeed increase 
gastrin release. It has also been confirmed that the antral mucous layer is more 
alkaline when H. pylori is present [18], although it is not clear how much the 
rather small difference observed, pH 7.0 versus pH 6.4, would affect gastrin 
release after 2-3 and 24 h, respectively. Inhibition of urease by acetohydroxamic 
amic acid [13] or De-Nol plus antibiotics [8] had no significant effect on gastrin 
release after 2-3 and 24 h, respectively. Inhibition of urease by acetohydroxamic 
acid was not complete, but their treatment with De-Nol plus antibiotics did 
more or less abolish urease activity as measured by the 13 C-urea breath test. 
This treatment also diminished the number of acute, but not the number of 
chronic, inflammatory cells in the antral mucosa without affecting gastrin 
release. 

Teichman et al. [35] showed that certain cytokines which are released 
during local immune responses can release gastrin. Subsequently Wyatt et 
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al. [38J found elevated basal plasma gastrin in a few patients who had antral 
gastritis without H. pylori and suggested that this bacteria increases gastrin 
release by causing inflammation rather than by changing pH. Crabtree et 
al. [10J have shown that the release of the cytokine, tumour necrosis factor, is 
greatly increased by infection with H. pylori (see J.E. Crabtree et aI., this 
volume). We previously showed that antral "G-cell hyperfunction" in patients 
with duodenal ulcer disease is associated with fasting duodeno-gastric reflux 
which may well have caused antral gastritis [5]. In these patients the antrum 
seemed to be abnormally sensitive to weak stimulants of gastrin release [9J. In 
summary, it has been confirmed that H. pylori increases release of gastrin, but 
inhibition of urease for about 24 h does not return plasma gastrin concentra­
tions to normal. The consensus at Toledo was that H. pylori-associated gastrin 
release is likely to be largely driven by local inflammation. However, this may be 
difficult to prove without using specific inhibitors of the inflammatory 
mediator(s) thought to be responsible. 

H. pylori and Gastric Acid Secretion 
in Duodenal Ulcer Disease 

It is well known that patients with duodenal ulcer disease tend to secrete more 
acid than normal individuals [1, 19J, but is this due to infection with H. pylori? 
We found that maximal acid output in the majority of patients with duodenal 
ulcer who have a positive biopsy urease test was significantly higher than in the 
small minority who have a negative urease test [23]. McColl et al. [27J reported 
a significant elevation of postprandial intragastric pH in patients with duodenal 
ulcer after eradication of H. pylori but, on the basis offurther studies, concluded 
that the bacteria does not significantly affect intra-gastric acidity [28]. In future 
it may be necessary to consider together the variety offactors which might affect 
gastric acid secretion in H. pylori-associated duodenal ulcer disease. Patients 
with duodenal ulcer disease have a remarkable lack of atrophic gastritis in the 
body of the stomach [17J. This might be the cause of their increased numbers of 
parietal cells [19J, notwithstanding any trophic effect of H. pylori-associated 
rises in gastrin [16]. H. pylori colonises the body as well as the antrum of the 
stomach and might have local effects on parietal cell function. Cave and Vargas 
[7J have described a protein produced by H. pylori which inhibits gastric acid 
secretion, so that in this respect its eradication might tend to increase acid 
secretion. The bacteria can also produce superficial gastritis in the acid-secreting 
region of the stomach, which might possibly also affect acid secretion. 

Hypergastrinaemia Associated with Achlorhydria 

The work described here [6J also considered physiology in relation to bacteria 
and inflammation, but in relation to the marked rise in gastrin which occurs in 
the absence of gastric acid secretion. This phenomenon is important because it 
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occasionally leads to gastric carcinoid tumours in patients with gastric atrophy 
[2, 32] and frequently produces such tumours in rats during pharmacological 
suppression of acid secretion [4, 22]. It is still not clear how a lack of acid 
increases gastrin release. There is evidence that a physiological reflex is involved 
in rapid changes in gastric release which occur, for example, on acidification of 
the lumen during meal stimulation [37]. However, other responses such as the 
rise in gastrin on gastric neutralisation in humans do not start for about 5 h [31, 
37], which seems somewhat slow for a simple physiological reflex. 

Saliva contains about 1000000 organisms per millilitre [12] and about 11 is 
swallowed per day. Gastric acid is strongly antiseptic but bacteria proliferate in 
the stomach if it is neutral. Initially the bacteria found are aerobes from saliva, 
but later the stomach contains anaerobes and facultative anaerobes which are 
normally present in' the colon. Gastrointestinal bacteria have many effects on 
epithelial function, including the stimulation of gastrin release [23]. They also 
stimulate immunological activity [10, 26] (see J.E. Crabtree et aI., this volume). 
We asked whether bacteria contribute to the rise in gastrin which occurs on 
suppression of acid secretion and tested this by comparing the effect of the H2 
receptor antagonist loxtidine [4] on gastrin release in germ-free and conven­
tional rats. 

Methods 

We studied matched germ-free and conventional Lister hooded rats of the same 
strain. They received either saline, or loxtidine 10 mg/kg per day or 70 mg/kg 
per day s.c. by osmotic mini-pumps. It was estimated that these doses would 
give partial and complete suppression of acid secretion, respectively [4]. Each 
treatment was given to eight germ-free rats, mean weight 306 g, six male and two 
female, and eight sex-matched conventional rats with a mean weight of 276 g. 
The greater weight of the germ-free rats was due to the distended caecum found 
in such animals. The animals fed and drank water ad lib. After 1 week they were 
anaesthetised with pentobarbital and killed by exsanguination from the heart. 
Gastrin was measured in ethylenediaminotetraacetate (EDT A) plasma by 
radioimmunoassay using antiserum G 179 provided by Prof. Bloom [23]. 

The animals' stomachs were collected for histological examination. Longi­
tudinal sections of the posterior gastric wall were fixed in neutral buffered 
formalin and processed to paraffin wax. Sections were stained by haematoxylin 
and eosin, peroxidase, chromotrope 2R and toluidine blue. Examinations were 
performed blind. Where appropriate, cell populations were assessed formally by 
examination of the basal zones and inter-glandular compartments. For each 
specimen 10-22 high-power fields were examined, using a 10 x 10 graticule. 
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Results 

Gastrin 

One-way analysis of variance (ANOVAR) showed a significant effect of loxti­
dine on gastrin in both germ-free (p = 0.001) and conventional (p < 0.001) rats 
(Table 1). On two-way ANOVAR the difference in gastrin between germ-free 
and conventional rats was significant (p < 0.05), and there was a significant 
interaction between bacterial status and dose (p = 0.02). This indicated that 
bacterial status effected the change in gastrin produced by the drug. Further 
analysis by t tests showed that the difference in gastrin between germ-free and 
conventional rats was significant only after the high dose of loxtidine (p < 0.05). 
This was because the high dose produced a significant rise in gastrin above low 
dose (p < 0.05) in conventional. but not in germ-free rats. 

Histology 

There was no evident difference between the groups in mucosal thickness or the 
numbers of neutrophils, lymphocytes, mononuclear cells or mast cells, but 
differences in the numbers of eosinophils were noted. 

One-way ANOV AR showed no significant effect of loxtidine dose on 
eosinophil counts in the whole field, at the base ofthe gland or between glands in 
germ-free rats. However, in the conventional groups loxtidine significantly 
increased the number of eosinophils in all the regions scored (p < 0.001). Two­
way ANOVAR showed a highly significant effect of dose (p < 0.001) but no 
effect of microbial status. There was, however, a significant interaction between 
bacterial status and dose on eosinophils (p < 0.05). A similar effect was seen for 
eosinophils at the base (effect of drug, p < 0.001, interaction p < 0.02) and for 
eosinophils between the glands (effect of drug p = 0.002), except that there was 
no significant interaction term for the latter. 

The results of t tests are shown in Table 2. In conventional rats the drug 
produced a highly significant rise (p < 0.0001) in total eosinophil count from 
13.1 (control) to 37 ± 4 (high dose) cells per field. Germ-free rats showed 
a smaller rise from 21 ± 3 to 28 ± 3 cells per field which was not significant 

Table 1. Plasma gastrin concentrations in germ-free and conventional rats after control and 
loxtidine infusions 

Drug Dose Plasma gastrin concentration 
(mgJkg per day) (mean ± SEM; pmol/1) 

Germ-free Conventional p 

Saline 59 ± 11 36 ± 8 NS 
Loxtidine 10 153 ± 30 181 ± 27 NS 
Loxtidine 70 178 ± 11 278 ± 26 <0.005 

NS, not significant 
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Table 2. Numbers of eosinophils per microscope field in germ-free and conventional rats after 
control and loxtidine infusions 

Drug Dose Eosinophil count 
(mg/kg per day) (per 40x field; mean ± SEM) 

Germ-free Conventional p 

Total 
Saline 21 ± 3 13 ± 1 < 0.05 
Loxtidine 10 31 ± 4 32 ± 5 NS 
Loxtidine 70 28 ± 3 37 ± 4 <0.05 

At base 
Saline 16 ± 2 11 ± 0.1 < 0.02 
Loxtidine 10 31 ± 4 25 ± 4 NS 
Loxtidine 70 21 ± 2 31 ± 3 <0.01 

Between crypts 
Saline 5 ± 1 3 ± 0.4 < 0.05 
Loxtidine 10 9±2 7 ± 1 NS 
Loxtidine 70 6±1 7 ± 1 NS 

NS, not significant 

(p = 0.052). However, germ-free rats had more eosinophils after control infu­
sions than conventional rats (p < 0.05 for total count). 

Discussion 

The findings show for the first time that the microbial flora contributes to the 
rise in gastrin which occurs when gastric acid secretion is inhibited [20-22, 25, 
33]. However, plasma gastrin concentrations were similar in conventional and 
germ-free rats in the absence of the drug and during administration of loxtidine 
at a dose which partially inhibits acid secretion. This suggests that the difference 
seen during complete suppression of acid secretion is specific, rather than due to 
a generalised tendency of germ-free rats to release less gastrin or to respond less 
to loxtidine. 

The idea that bacteria might be involved in the rise in gastrin which occurs 
on suppressing acid is consistent with known temporal aspects of this response 
including its slow onset in humans [31]. In humans it is necessary to have 
continuous neutralisation for the rise in gastrin to become fully established. 
Patients with atrophic gastritis who secrete no acid at all have plasma gastrin 
levels about 30 times higher than the norm, whereas patients on long-term 
omeprazole, which keeps the stomach near neutral for all but about 3 h per day, 
have gastrin levels which are only about four times higher than the norm [20,21, 
25]. These slow effects contrast with other effects of pH on gastrin release, such 
as that of acidification on basal or meal-stimulated gastrin release, which occur 
within 30 min [37]. as expected for a simple physiological reflex. 
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Work on reflexes within the gastric epithelium suggests that somatostatin is 
involved in a variety of inhibitory effects, including the inhibition of gastrin 
release by a low intragastric pH [3, 29, 36]. Somatostatin does inhibit gastrin 
release, and gastrin-releasing cells (G cells) are physically surrounded by the 
projections of somatostatin-releasing cells. Vascular perfusion of rat stomach 
with antibodies against somatostatin increased both basal and stimulated 
gastrin release [36]. Studies have shown that pH-driven changes in gastrin 
release are accompanied by reciprocal changes in indicators of somatostatin 
synthesis or release [3]. Thus it seems likely that antral somatostatin cells are 
involved in the regulation of gastrin release by lumenal pH. 

Our results appear to distinguish two ways in which suppression of acid 
secretion affects gastrin release on the basis of whether bacteria are needed or 
not. The low dose of loxtidine was chosen to allow some acid secretion. This 
elevated plasma gastrin levels in germ-free as well as conventional animals, 
therefore, presumably, by a physiological reflex. This might correspond to the 
rapid response seen in humans [37]. The additional rise in gastrin produced by 
the high dose of loxtidine required the presence of bacteria, and bacteria might 
contribute to the slow response seen in humans. This may explain its slow onset 
as well as the need for continuous neutralisation. Bacteria do survive during 
periods when the pH is above 4 during treatment with cimetidine, but over­
growth does not become established because the gastric lumen is sterilised by 
secretion of acid during the night [30]. 

Bacteria can affect many aspects of gastro-intestinal function. Some produce 
specific bio-active factors such as cholera toxin. Others alter gut function by 
metabolising substances in the lumen, for example, bacterial digestion of fibre in 
the hind gut affects growth of colonocytes [14]. Bacteria also affect the gut by 
provoking the release on inflammatory mediators [2, 10, 34, 35]. Histological 
examination of rats' gastric mucosa in the present study showed a dose­
dependent increase in eosinophils in the conventional rats, but not in the germ­
free rats, and a significant interaction between the effects of bacterial status and 
dose on eosinophil count. Conventional rats had significantly more eosinophils 
than germ-free rats during high-dose, but not during low-dose loxtidine. Eosino­
phils are known to release the cytokine interleukin I [11]. Two other cytokines, 
interleukin II and gamma interferon, have been shown to release gastrin from 
the isolated perfused canine stomach [35]. Therefore it is possible that intra­
epithelial eosinophils contributed to the effect of loxtidine on gastrin release in 
the presence of bacteria. This is consistent with the idea that gastric inflammat­
ory cells modulate gastrin release [35, 38]. We are currently extending this work 
to examine the possible role of intragastric bacteria in the greatly increased 
gastrin release seen in some patients with achlorhydria. 

Hopefully the bringing together of various scientific disciplines that has been 
stimulated by work on H. pylori will encourage re-examination of the mech­
anisms underlying a number of related disease states. 
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Helicobacter pylori, Gastritis, Duodenal Ulcer, 
and Gastric Histamine Content 

D.M.M. Queiroz1, E.N. Mendest, G.A. Rochat, J.R. Cunha-Mel02, 
A.J.A. Barbosa3, G.F. Lima, Jr2, and C.A. Oliveira4 

Introduction 

Helicobacter pylori has been observed in the gastric mucosa of up to 100% of 
duodenal ulcer (DU) patients [2J; however, the role of this microorganism in 
duodenal ulcer pathogenesis is still poorly understood. 

It has recently been proposed that H. pylori breaks urea into ammonia which 
raises the antral surface pH, leading to an increase of gastrin release and 
therefore gastric acid secretion [3]. 

It has also been demonstrated that the serum gastrin concentration of adults 
with DU [6J and of children with upper gastrointestinal disorders [7J decreases 
after H. pylori eradication with antimicrobial agents. 

Since histamine has been suggested as the final common mediator for all 
gastric secretagogues [1,4, IIJ, including gastrin, we determined the histamine 
concentration in the oxyntic mucosa of H. pylori-positive patients both with and 
without Du and of H. pylori-negative subjects. 

Materials and Methods 

This project was approved by the. Ethics Committee of the Hospital das 
Clinicas, Universidade Federal de Minas Gerais, Brazil, and consent was 
obtained from all the patients studied. 

A total of 43 patients who underwent endoscopy for investigation of 
dyspeptic symptoms were studied. Except for ten (eight men, mean age 46.2 
years) H. pylori-positive patients whose DU healed after treatment with H2 
antagonists (800 mgjday for 6 weeks), no other patient received nonsteroidal 
anti-inflammatory drugs, H2 receptor antagonists, antibiotics, or any medic­
ation for at least 30 days before the study. Eleven patients (eight men, mean age 
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40.8 years) were H. pylori positive with endoscopically proven DU; nine (six 
men, mean age 41.9 years) were H. pylori positive with histological gastritis 
without DU; six (five men, mean age 39.3 years) were H. pylori positive and 
presented with healed DU after highly selective vagotomy, and seven (six men, 
mean age 42.2 years) were H. pylori negative without DU. 

Biopsy specimens from the antral and oxyntic mucosa were employed for 
histology and H. pylori identification (culture, urease test, and carbolfuchsin­
stained smear). 

Three fragments from the oxyntic mucosa were collected to determine the 
histamine content. They were immediately frozen and stored in liquid nitrogen 
until processing. Histamine was extracted [9] in a plastic tube containing 0.1 M 
phosphate buffer pH 7.9. The fragments were homogenized with a Teflon pestle 
tissue homogenizer and heated for to min in boiling water. After that the tubes 
were centrifuged at 5000 rpm at 4°C and the supernatant was lyophilized. 
Histamine concentration was determined after resuspension of dry residue by 
enzymatic isotopic assay [8]. 

Statistical analyses were performed by the two-tailed t test and differences 
were taken as significant when p was less than 0.05. 

Results and Discussion 

The gastric oxyntic mucosa histamine concentration of all the groups studied is 
shown in Table 1. In the present study significant differences were observed 
when the histamine content of H. pylori-negative subjects was compared to 
H. pylori-positive patients with DU (p = 0.0008) and H. pylori-positive patients 
with gastritis without DU (p = 0.0060); however, there were no statistical 
differences between the latter two groups. These H. pylori-positive patients, who 
had not previously been treated, presented low endogenous histamine which 
could be due to an increased acid secretion induced by H. pylori. On the other 
hand, H. pylori-positive patients after vagotomy as well as those who were 
treated with H2 antagonists did not present lower gastric histamine content 
(p = 0.066 and p = 0.2816, respectively). Some studies have demonstrated that 
vagotomy, like H2 antagonists, significantly increases gastric histamine contents 
in patients with DU [5, to, 11]. According to Man et al. [5], this fact may be 

Table 1. Gastric oxyntic mucosa histamine content in H. pylori­
positive and -negative patients. 

Patients 

HP negative 
HP positive 

With DU 
With gastritis without DU 
After vagotomy 
After H2 antagonist treatment 

Concentration 
(Jlg/g) 

50.29 ± 14.06 

27.76 ± 9.17 
29.60 ± 11.64 
63.42 ± 7.55 
56.68 ± 9.62 
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explained by an inhibition of gastric secretion, and less histamine may be lost 
into the gastric juice resulting in an increased content of endogenous histamine 
stores in the gastric mucosa. 

The results of this study suggest that H. pylori-positive patients, except those 
after vagotomy and those who were treated with H2 antagonists, present a 
decrease of the "stored" histamine which could be due to increased acid 
secretion. 
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Detection of Phospholipases and Cytotoxic Activities 
of Helicobacter pylori 

M.A. Daw 1 , R. O'Moore 2 , and C. O'Morain 2 

Introduction 

The production of phospholipases and cytotoxins is an important virulence 
factor in the pathogenesis of enteric bacteria. Phospholipases A have been 
detected in a large number of bacteria, including Escherichia coli and Vibrio 
parahaemolyticus [1], which may have a biological role to play. Phospholipases 
C are the most frequently studied phospholipases of bacterial origin and are 
believed to be toxic for the host cell. 

The exact pathogenic mechanism by which Helicobacter pylori causes 
disease is not fully understood. Culture filtrates of H. pylori cause cytopathic 
effects like vacuolation and rounding in vitro. Chen et al. [2] have described the 
intracellular damage of mucus-secreting cells in association with H. pylori. 
However, when antral biopsies were taken from patients with H. pylori gastritis, 
there was a 95% association between the presence of H. pylori and damaged 
mucosal cells [3]. Leunk et al. [4] also found that culture filtrates of H. pylori 
can cause non-lethal cytopathic effects in vitro in seven of nine mammalian cell 
lines tested. Although no single toxin capable of causing these effects has been 
demonstrated, a variety of enzymes capable of causing cytotoxic effects directly 
or indirectly have been identified [5]. 

The substrates of these enzymes are phospholipids, particularly phosphoti­
dylcholine (also called lecithin) which is almost exclusively found in mammalian 
membrane. Phospholipases can therefore weaken the cell membrane and lead to 
cell damage. Since H. pylori remains in close contact with the mucosal cells, even 
small amounts of phospholipases produced by this organism could be harmful. 
In addition to this direct effect, phospholipases acting on lecithin can produce 
lysolecithin which is cytotoxic [6]. 

In ulcer patients there is an increased amounts of lysolecithin in the gastric 
juice compared to the normal individuals which may be related to the action of 
pancreatic juice [7]. However, if H. pylori is capable of producing phospholi­
pases, then lysolecithin could be a product of this enzymatic activity. 

The aims of the present study were to determine the ability of H. pylori to 
produce phospholipase A and phosphalipase C and to investigate the cytotoxic 
activity of the sonicates containing these enzymes using a tissue culture cell line. 
Such enzymes and their cytotoxic activity may contribute to the pathogenesis of 
H. pylori-associated duodenal ulcer and gastritis. 

1 Department of Medical Microbiology, Faculty of Medicine, Tripoli, Libya 
2Departments of Biochemistry, St. James's Hospital, and Gastroenterology, Meath/Adelaide 
Hospital, Trinity College, Dublin, Ireland 

J.M. Pajares et al. (Eds.) 
H. pylori and Gastroduodenal Pathology 
© Springer-Verlag Berlin Heidelberg 1993 



102 M.A. Daw et al. 

Materials and Methods 

Bacterial Strains 

Twenty-three isolates of H. pylori were isolated from antral biopsies of different 
patients with duodenal ulcer and gastritis. Bacterial isolates were grown on 
chocolate agar (5% v/v heated horse blood) and incubated under micro­
aerophilic conditions at 3r C for 5-7 days. Each strain was scraped off and 
suspended in Tris-HCI buffer (pH 7.4) and sonicated for 5 min, centrifuged at 
1200 rpm (4°C) for 45 min and then each supernatant was investigated for a 
phospholipases A and C, and cytotoxic activity. 

Phospholipase A 

Phospholipase A activity of H. pylori was studied by incubating culture super­
natants with lecithin containing labelled 14C fatty acids. The products of 
enzymatic activity were separated in thin-layer chromatography (TLC) and 
subjected to autoradiography. The TLC plates were also stained with iodine and 
the radioactivity in each band was assessed. 14C-Iecithin (NEC-764 Med Labs), 
'which contains toluene, was dried in a vortex dryer and then made up to 50 ml 
in a mixture of chloroform and methanol (2: 1 v/v) containing 3 mM cold 
lecithin. 

Hot lecithin (2.2 x 106 dpm; 5 ml) was added to the cold lecithin (10 mg) and 
the mixture was dried down in a vortex drier under vacuum. To this was added 
10 ml 10 mM Tris buffer (pH 7.4) and glass beads. The hot and cold lecithin 
mixture was brought into suspension in the aqueous phase by sonicator at 
maximal settings in a Dawe Soniprobe sonicator for 2 min; 500 III of this 
lecithin mixture was mixed with 500 III culture supernate. This was incubated at 
37°C for 4 h in initial experiments and overnight in the later experiment. The 
products were extracted using 4 ml choloroform-methanol (2: 1), then the 
chloroform phase was separated and evaporated under vacuum. The residue 
was redissolved in 100 III chloroform methanol; 50 III of this mixture was 
introduced into the tank for the run. The plates were left in the tank until the 
solvent (acetic acid, d-isopropylether, n-heptane) reached a level of a few 
millimetres from the top of the plate. They were dried and exposed for 
autoradiography (Hyperfilm MP, Amersham). The plates were also stained with 
iodine vapour and the bands from the corresponding areas of active and heated 
mixture were scraped from the silica and the radioactivity was measured in a 
scintillation counter. 

Phospholipase C 

Quantitative phospholipase C assays were performed by measuring the cleavage 
of p-nitrophenylphosphorylcholine (NPPC; Sigma Chemical, UK), chromo­
genic phospholipase C substrate as described by Kurioka and Matsuda [8]. 
Immediately after sonication, buffer was added to give a final concentration of 
0.25 M Tris-HCI, pH 7.2, 1 mM ZnCl. For phospholipase C assays, 50 III 
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samples were serially diluted (twofold dilution) in 0.25 M Tris-HCI, pH 7.2, and 
150 fll freshly prepared substrate reagent was added to each well to give the 
following final concentration of reagents: 10 mM NPPC, 1 mM ZnCI, 60% 
(v/v) glycerol, 0.25 M Tris-HCI, pH 7.2. The plates were incubated at 37°C for 
4 h, after which colour development was monitored by measuring the absor­
bence at 410 nm using an enzyme-linked immunosorbent assay (ELISA) plate 
reader. Phospholipase C activity was also tested after mixing the supernatant 
with 10- 3 M EDTA, 0.25% Sodium Laurylsulfate (SLS), 60% v/v sorbitol 
instead of glycerol and after boiling the supernatant at 100°C for 15 min. 

Cytotoxic Activity 

Cultured cells used for the detection of cytotoxic activity were HeLa cells (tissue 
culture cell line). They were used as described by Daw [9]. The cell line was 
maintained in Earle's medium, counted and distributed in small plastic pijou 
(Trac) tubes with coverslips. One millilitre of each supernatant was added to 
each coverslip and incubated at 37°C for 48 h, cells were examined micro­
scopically for the presence of intracellular vacuolisation and the ability of HeLa 
cells to take up the stain. The tests were scored as positive if > 50% of the cells 
'showed vacuolisation and damage. 

Results 

Phospholipases activity of H. pylori filtrates was investigated using both phos­
photidylcholine-containing 14C-Iabelled fatty acids (neutral system) as a sub­
strate for phospholipase A and NPPC as chromogenic phospholipase C sub­
strate. The 23 strains studied showed a phospholipase A activity when incu­
bated with radiolabelled phosphotidylcholine (4 x 10 rpm). All the strains split 
phosphotidycholine up to 20% when incubated for 4 h. This activity was 
increased by an overnight incubation. 

Phospholipase C activity was detected in all strains tested. This was 
determined by measuring the optical density (OD) at 410 nm. The mean OD 
was 0.150 ± 0.025 for 10 (43%) strains and 0.270 ± 0.28 for 13 (57%) strains. 

HeLa cell tissue culture cell line was used to screen the cytotoxic activity 
produced by H. pylori. The results revealed that some of the culture filtrates 
induced alteration in the appearence of the cell line. Of the 23 strains studied, 
only 15 (65%) showed damage to the cell monolayer. The response consisted of 
intracellular vacuolisation and release in the cytoplasm after 48 h of incubation 
with H. pylori filtrates. 

Consideration was given to the possibility that a large amount of phospholi­
pases, particularly phospholipase C, might be responsible for the cytotoxic 
activity. All the culture filtrates which induced cytotoxic activity on HeLa cells 
contained phospholipases (Table 1), although the filtrates were not concen­
trated, and the cytotoxicity was not quantitatively determined. In 11 (48%) 
strains there was a correlation between the phospholipase C level and the 
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Table l. Phospholipases and cytotoxic activity of H. pylori 

Isolates Phospholipase activity Cytotoxic activity 
studied on He La cells 

A C 

1 + + + + + + + + 
5 + + + + 
3 + + + + + + + 
4 + + + + + + 
7 + + + 
3 + + 

Symbols: -, no activity; +, weak activity; + + , moderate activity; 
+ + +, strong activity. 

Table 2. Characteristics of phospholipase C (PLC) activity of 
H. pylori 

Property testsa 

PLC in the supernatant alone 
PLC in the supernatant with 

ZnCI2 (10- 4 M) 
Heat (100°C) 
PH (7.2) 
EDTA (10- 3 M) 
SLS (0.25%) 
Glycerol (60%) 
Sorbitol (60%) 

Phospholipase C activity 

+ + 

+ + + 

+ + + 

+ + 
+ + + 

a The tests were carried on the supernatant of the isolate who 
showed the highest level of PLC activity. 

M.A. Daw et al. 

cytotoxic damage induced in the HeLa cell monolayer. Phospholipase C activity 
as shown in Table 2 was inhibited by EDT A, SLS and boiling while it was 
maximised in presence of sorbitol, ZnCl2 and glycerol at neutral pH. 

Discussion 

Helicobator pylori strains were found to possess enzymatic ability both by 
producing phospholipase A which splits phosphotidylcholine and phospholi­
pase C which breaks NPPC to p-nitrophenol. They can also cause cytotoxic 
damage to the HeLa cell monolayer. This enzymatic activity may play a 
significant role in the hydrolysis of phospholipid layer in the mucosal surface in 
H. pylori-associated duodenal ulcer and gastritis. Close examination of biopsy 
specimens reveals that H. pylori can be consistently seen within the gastric 
mucosa and in close proximity to epithelial cells [10]. This close contact, 
may allow the phospholipases and other toxic factors to produce damage to the 
epithelial cells. In other studies [11, 12] we have shown that H. pylori can 
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produce different phospholipases which may be capable of rapid degradation of 
the gastric mucosa. 

In biopsy specimens, H. pylori gastritis may be associated with a varying 
percentage of damaged mucosal cells, which may be due to a varying percentage 
of contents in the micro-environment [13]. Phospholipase C in this study was 
variable among different strains of H. pylori rather than phospholipase A. This 
may be used as a marker in scoring the pathogenicity of the organism. H. pylori 
strains isolated from patients with duodenal ulcer have a higher level of 
phospholipase C than those isolated from patients with gastritis [14]. 

Cytotoxic damage of H. pylori to the tissue culture cell line have been 
described by different investigators. Leunk et al. [4] have found that H. pylori 
can produce toxin which causes vacuolisation of several tissue culture cell lines, 
similar results were also found by Xu et al. [13]. This is, in accord with our 
results. Of our strains 65% showed damage to the HeLa cell monolayer, 
although there is no evidence in our results that the toxin was cytolethal but it 
may have been cytolytic (formidable) where the cytoplasm was released from the 
cells and subsequently may lead to their death-some of the strains were found to 
be haemolytic, (M.A. Daw, unpublished data). 

The phospholipases and cytotoxic effect were found to be active at neutral 
pH. This may suggest that the urease adopts a neutral pH surrounding the 
bacteria (micro-environment) which allows it to survive in an acidic environ­
ment, and it also permits these enzymes to operate at a maximal efficiency [15]. 
Urease-negative strains of H. pylori were also found to be incapable of pro­
ducing intracellular vacuolisation [13]. Attempts were, made to correlate 
pospholipase C activities with the cytotoxic effect. This remained coupled in 
only 48% of the strains, but the specificity of this toxicity is still to be 
determined. Phospholipases together with other enzymes may cause direct or 
indirect damage within the mucosal layer and that could make the mucosal 
surface appear more hydrophilic. However, this has been found in duodenal 
ulcer patients, which may account for our results. Spychal et al. [16] showed 
that the presence of H. pylori infection was associated with an increase in surface 
hydrophilicity. The role of these enzymes and their effects on the surface activity 
of the gastric mucosa is still to be determined. 
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Antral Follicular Gastritis Is Characteristic 
of Helicobacter pylori Infection 

F.J. Sancho, S. Sainz, J. Mones, B. Mirelis, E. Oliva, and F. Vilardell 

Introduction 

Chronic gastritis is an inflammatory process of the stomach mucosa which is 
thought to be caused by a wide variety of mechanisms. In spite of several efforts 
to systematize the morphological types of gastritis [1-3], a definite aetiological 
classification has not yet been established. 

The aim of this study was to evaluate the inflammatory response of the 
gastric mucosa to infection by Helicobacter pylori (HP) and to establish whether 
a specific variety of gastritis was produced. 

Patients and Methods 

We randomly studied 114 patients who were referred to the digestive endoscopy 
unit of our hospital with symptoms suggesting gastroduodenal ulcers; 43 of 
them were diagnosed on endoscopy as having duodenal ulcer (DU) and the 
remaining 71 as having non-ulcer dyspepsia (NUD) [4]. Four antral biopsies 
were taken from all patients. Two biopsies were fixed in formalin and sent to the 
pathology department where they were routinely processed and evaluated by 
the same pathologist. The histological changes and the existence of germs 
morphologically compatible with HP were assessed. 

The urease test was performed on another biopsy using the following 
methodology: the biopsy was placed in Christensen's medium at room temper­
ature and was observed every hour for the first 4 hours and subsequently after 
24, 48 and 72 h. The test was considered to be positive when the colour change 
took place within the first 24 h. 

The last biopsy was sent to the microbiology department in a sterile test tube 
and was processed in the following way: it was crushed with a mortar and some 
fragments were used for an extension and Gram stain. The other fragments were 
innoculated in two different culture media: agar-blood and agar-Skirrow (selec­
tive medium with antibiotics, Oxoid SR69). They were incubated at 37°C in a 
microaerophilic atmosphere (Anaerocult C, Merck) for 7 days and were assessed 

Hospital de Ia Sta. Creu i Sant Paux, Servicios de Anatomia Patol6gica, Patologia Digestivay 
Microbiologia, Avda. San Antonio M. Claret 167, Barcelona 08025, Spain 

J.M. Pajares et al. (Eds.) 
H. pylori and Gastroduodenal Pathology 
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daily for growth of the characteristic colonies. The colonies were identified using 
a urease test, oxidase test and Gram stain. 

Criteria for infection were either a positive culture or a positive Gram stain 
with a positive urease test and with germs morphologically characteristic of HP 
in the gastric mucosa. The morphological changes were evaluated using 
Whitehead's criteria [2]. Statistical analysis was performed using the chi-square 
test with Yates' correction. 

Results 

A total of 84 (74.5%) of the 114 patients fulfilled the criteria for infection by HP, 
36 (83.7%) of the 43 patients with DU and 48 (67.6%) of the 71 with NUD. Only 
three patients were considered infected in spite of a negative culture because they 
fulfilled the three conditions previously described. 

The mucosa of the 84 infected patients was pathological in all cases, and in 
80 the morphologically characteristic bacilli in contact with the surface epi­
thelium were visualized. In 69 (82.1 %) of these 84 infected patients, a diffuse 
infiltration of the lamina propia by lymphocytes and plasma cells which 
separated the glands was observed. In general there was no significant decrease 
in their number nor was atrophy present (Fig. 1). Both in the lamina propia and 
intra-epithelially there were numerous polymorphonuclear leucocytes (Fig. 2). 
One lymphoid follicle with a germinal centre was found in at least one of the two 
samples in these 69 cases. This could be designated chronic active gastritis with 
lymph nodes (CAG + LN) or antral follicular gastritis. 

Fig. I. Antral mucosa. Chronic active gastritis with lymph nodes. Haemotoxylin and eosin; x 40 
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Fig. 2. Numerous intra-epithelial polymorphonuclear leucocytes. Lymph node with germinal 
centre at the bottom. Haemotoxylin and eosin; x200 

Out of the remaining 15 infected patients, in 11 cases CAG was observed 
without the presence of lymph nodes in either of the two samples, and in the 
other four patients chronic superficial gastritis (SG) was diagnosed. 

The morphology in the 30 patients who were not infected was the following: 
in 13 cases the mucosa was strictly normal, in four SG changes were observed, in 
six CAG and in seven CAG + NL. Germs were not visualized in any of the 
patients with normal mucosa or SG, nor in four of the six with CAG, but were 
found in all the biopsies in which the morphology was CAG + NL. 

The association between infection by HP and the morphology of CAG + 
LN was found to be statistically significant (p > 0.0001). 

Discussion 

The pathogenicity of HP was demonstrated in Marshall's [5] and Morris's [6] 
experiments in which Koch's postulates were fulfilled. Both authors ingested 
pure cultures of HP after having observed their undamaged mucosa using 
endoscopy and biopsy and they subsequently developed acute gastritis. In 
Morris's case the gastritis became chronic and persisted, though mildly, after 
eradication of the germ. 

Furthermore, it has been observed that the presence of HP produces an 
immune response which is both local (specific antibodies in gastric juice) and 
systemic (antibodies in serum) [7]. If the close association between chronic 



112 F.J. Sancho et al. 

gastritis and the presence of HP observed in numerous studies [8, 9] is taken 
into consideration, it is logical to assume that the inflammation observed in the 
gastric mucosa of patients with HP can be considered, at least in part, to be an 
immune reaction to infection. The study which demonstrated this most effec­
tively is that of Rauws et al. [10], which evaluated in a semi-quantitative way the 
degree of inflammation of the gastric mucosa in a large series of patients infected 
by HP. After eradicating the germs using various types of treatment, they 
verified the progressive decrease of inflammation and suggested the cause-effect 
relationship between infection by HP and CAG. This causal relationship was 
substantiated by the fact that in our study no patient with normal mucosa 
presented infection by HP. 

In spite of the known association between chronic gastritis and HP, the 
existing morphological descriptions are not very detailed. Wyatt et al. [11], in a 
retrospective study, identified lymphoid follicles in 27.4% of HP-associated 
gastritis. In our series, analysing two samples of antral mucosa in each patient, 
this percentage rose to 82.1 % of infected patients. Although they were also 
observed in seven patients not considered to be infected, in all these cases 
numerous germs morphologically compatible with HP were visualized in 
contact with the surface epithelium. The negativity of the culture and the Gram 
stain in these cases could be attributed to a sample error, given that these 
techniques were performed on the same fragment of mucosa which was different 
from those used for the histological study. 

The highly significant relationship observed in our series between infection 
by HP and CAG + LN (antral follicular gastritis) shows quite clearly that 
these changes can be explained as a local response to the immune stimulation by 
the bacterial antigens. As a result, this type of gastritis should be accepted as 
being aetiologically related to HP infection and is sufficiently different from the 
rest of inflammatory processes of the gastric mucosa which are still of unknown 
aetiology. 
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Defining the Role of Helicobacter pylori in Relationship 
to Relapse of Duodenal Ulcer 

R. Logan, R. Polson, M. Walker, P. Gummett, H. Baron, 
and G. Misiewicz 

Introduction 

Helicobacter pylori is the most common cause of histological gastritis [1], and 
in addition several studies have shown that the recurrence of duodenal ulcer 
disease (DU) can be prevented by eradication of H. pylori [2-4], so implicating 
H. pylori in the aetiology of recurrent DU [5]. These studies have also been 
interpreted as providing proof that H. pylori is the cause of DU, and although 
this may be true, sceptics argue that to show a causal relationship, a temporal 
sequence between the recurrence of H. pylari and DU has to be demonstrated. 
Thus the aim of this study was to demonstrate whether the recurrence of H. 
pylori preceded the recurrence of DU. 

Patients and Methods 

Patients between the ages of 18 and 70 years with an endoscopically confirmed 
DU (minimal diameter > 5 mm) were considered for entry into the study. 
Ethical committee approval and patients' written informed consent were ob­
tained. Previous resective gastric surgery, recent (within 2 months) use of 
bismuth salts or antibiotic combinations known to be active in vivo against 
H. pylori were exclusion criteria. 

At endoscopy (Olympus GIF1T20) DU size and site were recorded, and 
biopsies near (n = 2) and away (n = 2) from the ulcer were taken for histology. 
In addition, H. pylori status was assessed by four antral biopsies, two for 
histology haematoxylin and eosin and Gimenez stains) and two for culture 
(Oxoid SR147 with microaerophilic conditions for up to 10 days). Biopsy 
forceps (Olympus FB13K) were sterilised by autoclaving and endoscopes 
disinfected between patients by using an automatic washing machine (KeyMed 
EW20) [6]. 

Non-invasive assessments of H. pylori status were made with the 13C-urea 
breath test (13C-UBT) using the European standard protocol [7] with pooled 
breath collection from t = 10 to t = 40 min. A positive result was recorded if the 
excess 15 13 CO2 excretion was > 5 per mil (standard delta notation). 

Parkside Helicobacter Study Group, Central Middlesex Hospital, Acton Lane, Park Royal, London 
NWI07NS, UK 
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All patients had endoscopy, biopsy and 13C-UBT performed before starting 
colloidal bismuth subcitrate (CBS) 120 mg q.d.s. for 28 days. Immediately after 
finishing treatment with CBS patients were re-endoscoped and breath tested: 
patients with unhealed ulcers were given a further 1 month of treatment with 
CBS, whilst patients with healed ulcers were entered for follow up. 

Follow Up 

After ulcer healing the 13C-UBT was repeated at weekly intervals for 1 month, 
and then at 3, 6 and 12 months after finishing CBS. The gastroduodenoscopy 
(OGD) was repeated immediately if the 13C-UBT became positive (excess 
(j 13C02 excretion> 5 per millilitre) and at 1,3,6 and 12 months after finishing 
CBS. Ulcer recurrence (minimal diameter> 5 mm) was taken as the end point. 

Results 

Twenty patients (11 men, 9 women; median age 38 years, range 20-68 years) 
were entered into the study. All patients had H. pylori detected by histology, 
culture and 13C-UBT before starting treatment with CBS. The mean (± SEM) 
pre-treatment excess <5 13 CO2 excretion was 25.6 ( ± 9.6) per mil. 

After 4 weeks of treatment H. pylori was not detected by histology, culture or 
13C-UBT in 19/20 (95%) patients all of whom had healed DUs. An unhealed 
DU was seen in one patient in whom histology and 13C-UBT (excess <5 13C02 
= 7.8 per mil vs. 28.6 per mil pre-treatment) were still positive for H. pylori. 

Ulcer healing and clearance of H. pylori were achieved after a further 4 weeks of 
treatment with CBS. 

Recurrence of H. pylori 

13 C-UBT follow up at 1 week showed a recurrence of H. pylori in 14/20 patients, 
which was confirmed on endoscopy (median time to repeat OGD was 10 days 
after finishing CBS), at which stage only one patient had a recurrent DU 
(asymptomatic; Fig. 1). Three out of six of the remaining patients had a 
recurrence of H. pylori within 1 month of finishing CBS. 

Three out of 20 (15%) patients had successfully eradicated H. pylori with no 
H. pylori detected by histology, culture or 13C-UBT 1 month after finishing 
CBS. All three patients have remained well, with normal endoscopy and 
histology, and a negative 13C-UBT at 3, 6, and 12 months. 

DU Recurrence 

DU recurrence occurred after H. pylori recurrence in 16/17 patients, 50% 
recurring after 6 weeks. The remaining patient had an asymptomatic DU 
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Fig. 1. A life table analysis of the recurrence of H. pylori (---) in relation to recurrence of duodenal 
ulcer (--). H. pylori recurs within days of finishing tripotassium dicitratobismuthate and always 
precedes recurrence of duodenal ulcer. In three patients the infection is eradicated and they remain 
ulcer free 

recurrence within 10 days of finishing CBS. Three of 20 patients in whom 
H. pylori was eradicated have had no ulcer recurrence at I-year follow up. 

Discussion 

The results from this study show that the recurrence of H. pylori precedes the 
recurrence ofDU. This study also confirms previous experience that eradication 
of H. pylori can produce prolonged periods of ulcer remission and hopefully 
cure. Whilst awaiting the development of suitable animal models, this temporal 
relationship between the recurrence of H. pylori and DU shows H. pylori to be 
the major factor in the aetiology of DU. 

If used alone, CBS 120 mg q.d.s. for 4 weeks will eradicate H. pylori infection 
in 15% of cases, whilst in the remaining 75% H. pylori will recur within days of 
finishing treatment. This suggests that prolonged courses of CBS are of little 
benefit, indeed recent studies have shown that a similar rate of H. pylori 
recurrence is seen after only 1 week of CBS. Therefore, to cure DU by H. pylori 
eradication, antibioticjbismuth combination therapies will have to be de­
veloped. 
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Gastritis and Helicohacter pylori Prevalence 
in Patients with Heterotopic Gastric Mucosa 
or Gastric Metaplasia in the Duodenum 

H. K. Koch and S. Boemke 

Introduction 

H elicobacter pylori colonization of gastric mucosa is strongly correlated to 
duodenal ulcer [4]. Since H. pylori can only be found on the columnar surface 
epithelia of gastric pits and not on intestinal epithelia, it has been suggested that 
gastric metaplasia of the duodenal mucosa is a prerequisite for H. pylori 
colonization of the duodenum and this colonization may lead to ulceration 
[7, 8]. Beside gastric metaplasia of the duodenal mucosa, there is another 
condition-heterotopic gastric mucosa in the duodenum-in which columnar 
surface epithelia are present in the duodenum possibly facilitating the growth of 
H. pylori in the duodenum. It is known that gastric metaplasia in the duodenum 
results from damage to the normal duodenal epithelium, e.g., by increased acid 
secretion of the stomach [2, 5]. The assumption that gastric metaplasia and 
colonization with H. pylori produce duodenal ulcer is therefore difficult to 
accept since the presence of gastric metaplasia already indicates a noxious effect 
to duodenal mucosa, which is presumably not caused by H. pylori. To study the 
influence of coexisting H. pylori infection and the presence of gastric surface 
epithelia in the duodenum we therefore evaluated the prevalence of gastric 
metaplasia and H. pylori infection in four predefined groups of patients. In 
addition, cases with heterotopic gastric mucosa were collected from our files and 
analyzed with respect to H. pylori infection and mucosal pathology. 

Material and Methods 

Four groups were defined as follows: 

1. No pathologic features by endoscopic study 
2. Endoscopic diagnosis of gastritis 
3. Duodenal ulcer 
4. Gastric ulcer 

Patients were sampled fur the four groups over 3 months, the inclusion criteria 
being: (a) Biopsies of duodenum, and the pyloric and fundic areas of the 

Institute of Pathology, Rosastr. 9, 7800 Freiburg im Breisgau, FRO 
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H. pylori and Gastroduodenal Pathology 
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Table 1. Number of patients, sex distribution, and mean age in the five groups investigated 

Group Total Male Female Mean age 
(n) (n) (n) (years) 

1. Normal endoscopic picture 100 46 54 44.2 
2. Gastritis (endoscopic diagnosis) 113 65 48 53.1 
3. Duodenal ulcer 89 63 26 49.6 
4. Gastric ulcer 32 15 17 61.4 
5. Heterotopic fundic mucosa 69 36 33 58.1 

stomach; (b) sufficient clinical information for unequivocal allocation to one of 
the four groups. 

In addition, 69 of 126 patients with heterotopic gastric mucosa in the 
duodenum had duodenal as well as gastric biopsies and were investigated for H. 
pylori infection and gastric mucosal pathology (Table 1). 

The histologic examination was performed on routine step sections stained 
by hematoxylin and eosin, and periodic-acid-schiff reaction. Special attention 
was given to H. pylori organisms by screening the slides with a high-power dry 
objective (x63) or additional examination with oil immersion (xlOO) in difficult 
cases. The presence or absence of gastric metaplasia in the duodenum was 
ascertained, and in the gastric biopsies the type of gastritis was determined using 
the classification proposed by Whitehead [6]. Since patients with gastric ulcer 
often only had biopsies of the gastric mucosa, only 32 patients could be recruited 
for this study. 

Results 

Of 334 patients in groups 1-4, 139 (42%) were found to have gastric metaplasia 
in the duodenum. H. pylori prevalence in patients with gastric metaplasia (79%) 
was 20% higher than in patients without (58%). The active type of gastritis in 
the pyloric region was more frequent in patients with gastric metaplasia (71 % 
vs. 58%). In patients both with and without gastric metaplasia H. pylori was 
prefentially seen with active gastritis. Patients with gastric metaplasia generally 
had a higher rate of H. pylori infection with both active or inactive gastritis and 
both in pyloric or fundic regions (Table 2). 

The greatest difference was seen in cases of inactive antral (60% vs. 31 %) or 
fundic gastritis (79% vs. 67%). 

Analyzing the group-specific prevalence of gastral metaplasia, H. pylori 
prevalence, and the type of gastritis, the following results were obtained. Gastric 
metaplasia was seen in 87% of patients with duodenal ulcer, one third of 
patients with endoscopic diagnosis of gastritis or gastric ulcer, and 17% of 
patients whose mucosa appeared normal at endoscopy. In groups 1-4 H. pylori 
prevalence in patients with or without gastric metaplasia no longer differed 
significantly (Table 3). There was also no difference with respect to the type of 
gastritis in patients with or without gastric metaplasia when the four groups 
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Table 4. Type of gastritis in antral or fundic region in patients with 
heterotopic fundic mucosa in the duodenum (n = 69) 

Histology 

ISG 
ICG 
ASG 
ACG 
Normal 
fundic gland cyst 
Other 

See Table 2 for abbreviations. 

Antral biopsies 
(n) 

12 
12 

7 
31 

7 

Fundic biopsies 
(n) 

11 
1 

2 
30 
7 

16 

H.K. Koch and S. Boemke 

were analyzed separately. If gastric metaplasia was present in patients without 
duodenal ulcer, gastritis was not necessarily associated. In 23 of 139 patients 
with gastric metaplasia (16%) H. pylori was found in the duodenal biopsy. 
Nineteen ofthese patients had duodenal ulcer, 22 had active antral gastritis, and 
16 had active fundic gastritis as well. Only one had normal fundic mucosa. 

In 69 patients with heterotopic fundic mucosa in the duodenum only nine 
had H. pylori infection. With regard to the mean age of this group of patients, a 
surprisingly small percentage with active gastritis was seen (Table 4). Only nine 
patients had polypoid foveolar hyperplasia and stromal edema similar to the 
lesion known as reflux gastritis [1]. Within the heterotopic mucosa two patients 
showed active granulocytic inflammation with some epithelial defects. The 
others, including three patients in whom H. pylori was found on the heterotopic 
mucosa in the duodenum, had only mild and nonspecific inactive inflammation. 

Discussion 

As could be expected, gastric metaplasia was most frequent in patients with 
manifest duodenal ulcer. It was also seen in one third of patients with end­
oscopic diagnosis of gastritis or with gastric ulcer. None of these patients had 
had a history of duodenal ulcer. Whereas the overall analysis implied a higher 
incidence of associated H. pylori infection and active type of gastritis in patients 
with gastric metaplasia, this no longer held true when the analysis was per­
formed in groups 1-4 separately. The impression of a higher incidence of 
associated H. pylori infection or active gastritis in patients with gastric meta­
plasia was clearly caused by the high percentage of patients with duodenal ulcer, 
which contributed more than half of all patients with gastric metaplasia. In all 
studies conducted so far and in our own experience duodenal ulcer is most 
frequently associated with H. pylori infection and active gastritis [3, 4]. The few 
cases of duodenal ulcer without detectable gastric metaplasia still had a high 
rate of H. pylori infection and active gastritis. It is therefore not evident that H. 
pylori infection and active gastritis should directly contribute to the evolution of 
duodenal ulcer by inducing gastric metaplasia, microbial colonization, and 
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eventual ulceration. This is even more unlikely since patients without doudenal 
ulcer showed no significant difference of H. pylori infection rate or incidence of 
active gastritis. Although the number of patients with gastric metaplasia, H. 
pylori infection, and gastritis but without duodenal ulcer is small, it should be 
expected that some should have a history of previous duodenal ulcer if there 
really were a significant link between the triad of gastritis, H. pylori infection, 
and gastric metaplasia and the risk of duodenal ulcer. Unless such a relationship 
can be shown in a prospective study of patients with this triad, the hypothetical 
explanation for the possible pathogenetic mechanism of H. pylori in duodenal 
ulcer offered by the gastric metaplasia, bacterial colonization, and ulceration 
sequence should be questioned. 

The evaluation of patients with heterotopic fundic mucosa in the duodenum 
demonstrated that this lesion is not only morphologically different from gastric 
metaplasia; it is a coincidental finding endoscopically, in most instances identi­
fied as a small polypoid lesion evoking the macroscopic differential diagnosis of 
Brunner gland hyperplasia or heterotopic mucosa. Considering the age of these 
patients, the low incidence of associated active gastritis is even more significant 
when compared to patients with gastric metaplasia. The ulceration of this 
heterotopic mucosa is a rare phenomenon which was not observed in our 
patients, even in those who had H. pylori infection and gastritis or in the three 
patients in whom H. pylori was found on the heterotopic mucosa. This 
observation lends no further argument to the hypothesis of a gastric metaplasia, 
microbial colonization, and ulceration sequence [7, 8]. 

Gastric metaplasia in the duodenum was a well-known phenomenon before 
H. pylori infection and its implications were realized. Since it is most often 
observed in ulcerated or eroded mucosa or mucosa recovering from an injury, it 
was simply accepted as evidence of a disturbance in terminal differentiation of 
regenerating epithelia. In our opinion, more and convincing data are needed 
before this view is changed in favor of a causal relationship to mucosal damage. 
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Evolution of Gastritis After Helicobacter pylori 
Eradication 

P. Vincenti, H. Lamouliatte2 , I. Darchis3 , M. Lecomte4 , 

F. Megraud 5, and A. Mascarel6 

Introduction 

Since the first description of Helicobacter pylori [8], many studies have con­
firmed the presence of the bacteria in different locations of the stomach [4, 5, 9]. 
It is well recognized that H. pylori can survive in gastric juice at low pH [2] with 
the help of its urease [1] by ammonia production from the urea of both gastric 
juice and mucosa [5]. Also, H. pylori can colonise a formerly normal gastric 
mucosa, and its presence is closely related to histological signs of poly­
morphonuclear cell invasion and atrophic glandular lesions, even without 
clinical symptomatology. 

However, the pathogenic potential of H. pylori remains unclear. High 
immunoglobulin G (IgG) levels to H. pylori have been reported in patients 
without type A gastritis [3]. The relation to lymphocytic gastritis is not constant 
[3, 7], and some cases of a spontaneous disappearance of H. pylori have been 
reported [7]. Finally, more data are needed to prove the aetiological role of the 
bacteria in gastritis. Koch's postulates, for instance, imply that the cure of causal 
agent must be followed by a disappearance of the disease. 

Since the clinical evolution of the non-ulcer dyspepsia syndrome is difficult 
to measure and a reduction of pain is sometimes seen in spite of ineffective 
treatment (placebo effect), the aim of this study was to follow up the evolution of 
histological lesions of gastritis when H. pylori was eradicated. 

Patients and Methods 

We studied 161 antral and fundic biopsies from 32 patients (treated or not), at 1 
and 4 months after the first gastroscopy, and compared the histological 
evolution of gastric mucosa according to the bacteriological persistence or 
eradication of H. pylori. A total of 32 patients, [25 men aged 23-66 (mean 
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= 38.5 ± 13.1) and seven women aged 24-59 (mean = 37.7 ± 12.4)J with 
histologically and bacteriologically proven H. pylori gastritis were randomly 
treated for 1 month either with amoxicillin (2 g per day) and tinidazole (1.5 g 
per day) (n = 20; M/F ratio = 9; mean age = 40.4 ± 13.9) or by placebo (n 
= 12; M/F ratio = 1.4; mean age = 34.8 ± 10.4). Patients were followed up, 

and a control gastroduodenoscopy was made at 1 month and 4 months after the 
treatment (n = 31 and n = 20 patients, respectively). 

Before each endoscopy, the fibreoptic gastroduodenoscope was disinfected 
in a 2% glutaraldehyde solution for 10 min and then rinsed with distilled 
sterilised water. Biopsies (one from the gastric antrum and one from the fundus) 
were harvested for both histological and bacteriological examination. Haema­
toxylin and eosin staining was used for histological observation. The gastritis 
grade according to Whitehead, presence or not of polynuclear cells and presence 
or not of H. pylori were noted. To confirm the viability of H. pylori, samples 
were plated onto selective and unselective media, incubated under micro­
aerophilic conditions for, up to 5 days for bacterial identification (colony and 
cell morphology, Gram staining and urease). 

From a bacteriological point of view, biopsies were classified as follows: (a) 
persistence: when H. pylori was cultured from the biopsy (no treatment or 
therapeutic failure); (b) clearance: no H. pylori after 1 month; and (c) eradic­
ation: no H. pylori after 4 months. The chi-square test was used for statistical 
comparisons. 

Results 

At the first endoscopy, all the patients had viable H. pylori in at least one biopsy. 
In the antrum, 93.8% of the 32 biopsies had H. pylori, and all of these also had 
polymorphonuclear cells. Whitehead graduation of the gastritis was as follows: 
1, 31.3%; 2, 46.9%; 3, 18.7%; and 4, 3.1 %. In the fundus, 75.0% of the 32 
biopsies had H. pylori, and from these 79.2% also had polymorphonuclear cells. 
Whitehead graduation of fundic lesions was as follows: 0, 12.5%; 1, 59.4%; 2, 
28.1 %; and 3 or 4, 0%. 

Evolution of Polymorphonuclear Cells in the Whole Biopsies. After 1 month 88 % 
of both antral and fundic biopsies with H. pylori still had polymorphonuclear 
cells, versus 18.4% of the biopsies where H. pylori had been cleared (Table 1). 
After 4 months, there were, respectively, 84.2% and 14.2%. These differences 
were highly significant (p < 0.001 at 1 month and p < 0.001 at 4 months). 
According to the location oflesions, whatever the time, the antrum had 96.3% of 
biopsies with polymorphonuclear when H. pylori was persistent versus 24.0% 
when H. pylori was cleared or eradicated. The fundus had, respectively, 70.6% 
and 11.7% (p < 0.001 and p < 0.01 for antrum and fundus respectively). 

Evolution of Atrophic Lesions. After 1 month 78.2% of the biopsies with 
H. pylori had a stable or increasing atrophic grade versus 55.1 % when H. pylori 
was cleared (Table 2). After 4 months, there were, respectively, 84.2% and 21 %. 
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Table 1. Evolution of polymorphonuclear cells in biopsies according to 
the microbiological status of H. pylori (P.) 

1 month 4 months 

Antrum Fundus Antrum Fundus 

H. pylori positive 
PN+ 14 8 12 4 
PN- 1 2 0 3 

H. pylori negative 
PN- 12 19 7 11 
PN+ 5 2 1 2 

Figures show number of biopsies affected. PN +, polymorphonuclear 
cells present; PN - , polymorphonuclear cells not present. 

Table 2. Evolution of atrophic lesions according to H. pylori microbiological status 

Histological Whitehead grade 

Follow up H. pylori ANTRUM FUNDUS 
microbiological 

0 0 status + + 

Clearance 7 7 3 6 5 
1 month 

Persistence 3 6 4 2 7 
Eradication 5 3 6 3 

4 months 
Persistence 2 6 4 6 

1 
2 

Figures show number of biopsies affected; +, decreasing; 0, stable; -, increasing glandular 
atrophy. 

Furthermore, in the antrum, no patient showed increasing atrophic lesions when 
H. pylori had been eradicated for 4 months. 

Discussion 

These results confirm the close relationship between H. pylori and gastritis 
lesions. Polymorphonuclear cell reaction was stopped early when H. pylori was 
cleared even if a bacteriological recrudescence followed. The glandular atrophy 
was improved more slowly in a smaller but significant proportion of the cases 
and no increase in the Whitehead grade was observed in the antrum after 
eradication. 

The parallel between H. pylori and mucosal gastritis lesions is a very strong 
indication of H. pylori being a causal agent of the gastritis. However, longer 
follow up is needed to prove the full disappearance of gastritis when H. pylori is 
definitely eradicated and the reappearance of lesions if there is reinfection. 
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Histological Improvements in Gastritis 
After Eradication of Helicobacter pylori Infection 

R. Petrino, D. Bellis, M. Boero, A. Ponzetto, L. Chiandussi, 
and A. Di Napoli 

Introduction 

It is worldwide accepted that Helicobacter pylori (HP) gastric infection is one of 
the main causes of chronic antral gastritis: starting from the lamina propria 
lymphocites and polymorphs infiltrate the interfoveolar space [3, 7, 10]. Treat­
ment of HP can rapidly cause disappearance of the organism and reversion of 
the abnormalities. However, if the treatment fails to eradicate the organism 
totally, the improvement will be temporary [12]. 

Thus the goal of anti-HP treatment is a stable eradication of the bacteria. 
Single therapy with bismuth salts or antibiotics (amoxicillin, metronidazole, 
tinidazole, tetracycline, and others) was found to be poorly effective [5, 8, 9]. A 
combination of these drugs can achieve a better rate of eradication: the best 
results have been obtained with a triple therapy using bismuth salts and 
antibiotics for oral treatment of 2-4 weeks [1, 2]. 

This combined treatment has the disadvantage of a high rate of side effects so 
that recently the efforts have been devoted to reducing the treatment period. The 
aim of this study was to evaluate the effect of a short-term triple therapy on 
HP-associated gastritis. 

Materials and Methods 

Subjects 

Twenty consecutive patients affected by HP-positive non-ulcer dyspepsia were 
treated for 10 days with colloidal bismuth subcitrate (CBS 120 mg qj.d.), 
tinidazole (500 mg bj.d.), and amoxicillin (1 g bj.d.). The infection was detected 
by the histological evaluation of four antral biopsies taken during endoscopy 
and by a urease test. Six weeks after therapy the patients were submitted to a 
new endoscopy and the previously cited evaluations were performed. 
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Histological Evaluation 

Hematoxylin and eosin-stained biopsies were examined and the diagnosis of the 
type of gastritis was made according to Correa's classification [7]. 

- Superficial gastritis (SG): characterized by a band-like infiltrate of lympho­
cytes and plasma cells occupying the superficial portion of the gastric 
mucosa, mostly at the level of the gastric pits and the gland necks. 

- Diffuse antral gastritis (DAG): characterized by a dense infiltrate oflympho­
cytes and plasma cells occupying the full thickness of the antral mucosae. 
The infiltrate expands the lamina propria and separates the gastric glands 
giving a false impression of gland loss or athrophy. Lymphoid follicles may 
be prominent. 

- Reflux gastritis (RG): characterized by stromal edema, widening and tor­
tuosity of the foveolar cells, vascular congestion, paucity of inflammatory 
infiltrate, and occasional smooth muscle fibers in the lamina propria. The 
hyperplastic foveolar changes may be marked. 

- Diffuse corporal atrophic gastritis (DCAG): there is a diffuse loss (atrophy) 
of the oxyntic glands (corpus and fundus). 

- Cluster atrophic gastritis (CAG): independent foci of atrophy accompanied 
by an inflammatory mononuclear infiltrate which decreases in intensity as 
the atrophy progresses. 

Any of these lesions may have a series of changes which implicate acute 
injury ("active gastritis"). The grade of activity was made according to the grade 
of polymorphonuclear infiltrate, depletion of cytoplasmic mucus in foveolar 
cells, and a mild degree of architectural distorsion of the foveolar portion of the 
mucosa. 

The main morphological changes of inflammation, atrophy, activity were 
considered for the classification of intensity of gastritis (mild, moderate, severe). 

A simple stain (Giemsa stain without differentiation) was used for the 
detection of HP. The density of the organisms was graded as follows: sporadic 
microorganism ( + ), spotty ( + + ), and disseminated layer ( + + + ). 

Statistical Analysis 

The results were elaborated statistically as follows: (a) chi-square test to 
determine if the therapy causes a significant reduction of intensity and activity of 
gastritis (p < 0.05); (b) Spearman test to evaluate whether there is a relationship 
between HP positivity and histological damage (activity and intensity). 

Results 

All patients completed the treatment; no significant side effects were reported. At 
second endoscopy, made 6 weeks after therapy, 14 patients out of 20 (70%) were 
negative to the urease test for detection of HP infection. This result was 
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Table 1. Histological pattern of treated patients 

Basal Mter therapy 

Patient No. Sex HP Activity Intensity HP Activity Intensity 

1 F + + + Sev Sev + Sev 
2 F + + Sev Mod + Mild Mild 
3 M + + + Sev Mod + + Mod Sev 
4 F +++ Sev Mod + + Mod Sev 
5 M +++ Sev Mod + + + Mod Mod 
6 F + + Sev Mild + + Sev Mod 
7 M + + Sev Mild Mild 
8 M + + + Mild Mild Mild 
9 M + + + Mod Mod Mild 

10 M + Mod Mod 
11 F + + + Mod Mild Mild 
12 F + + + Sev Mod Mild 
13 M + + + Mild Mod Mod 
14 M + Mild Mild Mild Mild 
15 F + + + Sev Mod Mild Mod 
16 M + + + Mod Mod Mild Mild 
17 M + + + Mild Mild Mild Mild 
18 M + Sev Mod Mild Sev 
19 F + Mod Mod Mod Mod 
20 M + + Mod Sev Mod Mild 

Sev, severe; Mod, moderate. 

confirmed by histological assessement. Table 1 reports the histological pattern 
of each patient at basal time and after treatment. It was graded under consider­
ation of the activity of gastritis, the intensity of the lesions and the presence of 
HP. 

It appears clear that HP eradication is associated with a decrease in activity 
of gastritis: in 50% of eradicated cases we observed a complete disappearance of 
polymorph infiltration (p < 0.005, chi-square test) (Fig. 1). The spearman test, 
used to correlate HP positivity with the activity of gastritis, was highly 
significant (p < 0.01). The therapy did not obtain a significant improvement in 
intensity of gastritis. 

Discussion 

Triple therapy for 10 days seems to be effective in the treatment of HP­
associated gastritis. Before therapy 60% of the patients presented a layer 
distribution of HP on the antral mucosa, 20% a spotty distribution, and in 20% 
of patients HP was present sporadically. One month after treatment HP was 
eradicated in 70% of patients while a layer of bacteria was observed in only 5% 
of cases. 

The inflammatory process was characterized by lymphocyte and polymorph 
infiltration of the superficial lamina propria in the earliest stage of gastritis, 
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Fig. la, b. Histological outcome after therapy. a Grade of polymorph infiltration; b HP positivity 
(see text) 

while in mild and severe cases infiltration diffused towards the mucosal surface. 
However, in the patients in whom there was only a mild inflammatory cell 
infiltration, a mid-zonal infiltrate with spearing of the superficial mucosa could 
be observed. 

In terms of polymorph infiltration, this has been borne out by morphometric 
methods which have confirmed maximal activity centred on the pit-isthmus 
region [6]. In attempting to link polymorph response to HP colonization, this 
represents something of a paradox, since the number of organisms declines 
steadily from the surface to the foveolar neck. Nevertheless (Table 1), we found 
an overall correlation, before and after therapy, between the density of HP 
colonization and polymorph infiltration. 
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The disappearance of polymorphs, when it occurred, was closely associated 
with HP eradication. This is in agreement with the observations of Rauws [llJ 
and Glupczynski [5]. 

The intensity of gastritis was not significantly affected by the reduction or 
disappearance of HP. It has to be considered that many cases presented CAG, 
characterized by some histological features such as fibrosis and gland loss which 
are irreversible lesions. Nevertheless, a regression could be conceivable in earlier 
stages of gastritis, such as SG and DAG, characterized by lymphocytic infil­
tration without atrophy. This feature could probably be demonstrated with a 
longer follow up. 

In conclusion, short-term triple therapy is effective for eradicating HP from 
gastric mucosa and for reducing activity of gastritis even if the intensity of the 
inflammatory process is unaffected by the disappearance of bacteria 1 month 
after treatment. 

Further study is needed to define the possibility of regression of lesions in 
earlier stages of gastritis. At the same time, a longer follow up may demonstrate 
if, even in more severe lesions, a decrease of the intensity can be obtained. 
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Introduction 

Surgery has long been the cornerstone in the management of peptic ulcer disease 
(PUD) refractory to medical treatment. Although the number of elective 
interventions has substantially decreased after the marketing of H2 receptor 
antagonists, the surgical approach maintains its full validity in the management 
of complicated PUD. 

The association between PUD, specially duodenal ulcer, and Helicobacter 
pylori infection is well established. However, the exact contribution of this 
microorganism to the development of the lesion is still an object of controversy. 
Different studies have stated that the clearance of H. pylori reduces the risk of a 
recurring ulcer [1, 2]. 

It has been shown in in vitro experiments that the growth rate of H. pylori is 
inhibited by the addition of a broth of bile salts [3]. The existence of bile reflux 
after gastric surgery is frequently observed and depends on the surgical technic. 

Even though the aforementioned facts should have encouraged more inter­
est, the presence of H. pylori in the operated stomach and any possible influence 
of previous gastric surgery on bacterial colonization has received little interest, 
and the references in the literature are few. 

Our proposal was to study the prevalence of H. pylori infection in a group of 
patients submitted in the past to partial gastrectomy for the management of 
PUD. 

Patients, Methods, and Materials 

We studied 22 patients submitted in the past to partial gastrectomy with 
gastroenteroanastomosis for the treatment of PUD. Six patients had a Billroth I, 
and the remaining 16 a Billroth II reconstruction. The mean time from surgery 
was 24.5 ± 9.9 years (57.1 % over 25 years). Mean age was 62.5 ± 7 years. 
Twenty patients were male. 

In every case, at least three mucosal samples were taken from each of the 
following sites: intestinal side ofthe anastomosis, gastric side ofthe anastomosis, 
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and gastric fundus. In Billroth I patients, additional samples were obtained from 
the gastric body. All samples were cultivated on sheep blood (5%) Columbia 
agar plates, supplemented with polymyxin B (2 mg/ml), trimethoprim (10 mgjl) 
and vancomycin (15 mgjl), incubated for 7 days at 37°C in an atmosphere 
containing 5% oxygen, 10% carbon dioxide, and 85% nitrogen. A Gram's 
staining was also done. The positivity of any of the microbiological methods was 
considered to be diagnostic of the presence of H. pylori. 

The remaining samples were processed for histological study following the 
classical routine (paraffin inclusion and hematoxylin and eosin staining). 

Results 

The presence of H. pylori was detected in 14/22 patients (63.6%). It was never 
isolated from the samples taken at the intestinal side of the anastomosis. In 13 
cases (59%) it was present in the gastric side and in 11 cases (50%) in the gastric 
body and/or fundus (not significant). There were no significant differences 
regarding the type of gastroenteroanastomosis (Billroth I 4/6, i.e., 66.7%, and 
Billroth II 10/16, i.e., 62.5%). The clinical symptoms at the time of the first 
consultation (nonspecific dyspepsia), the endoscopical diagnosis (remnant gas­
tritis), and the histological diagnosis (chronic gastritis) were uniform. The 
patient's age did not influence the recovery rate of H. pylori. 

A correlation between the presence of the microorganism and the time 
elapsed from surgery could nevertheless be shown: the subgroup submitted to 
surgery 25 or more years ago had an incidence of H. pylori detection of 83.3%, 
while in those operated upon less than 25 years before, the bacteria could be 
detected in only 33.3% (p < 0.01). In no case submitted to surgery less than 3 
years before the sampling could the microorganism be isolated. 

Discussion 

F or many years, surgical management of PUD has been a fundamental resource 
in the treatment of PUD whenever a failure of medical measures was apparent. 

A high prevalence of H. pylori detection in patients with partial gastric 
resections and peptic ulcer has been repeatedly demonstrated [4-6]. However, 
the prevalence of colonization in similar patients without peptic ulcer, as well as 
any influence of surgery on this prevalence, have scarcely been studied. 

Our results show an overall prevalence of 63.6%, a rate consistent with 
previously published results (53%-76%) [7-9]. Much lower rates have occa­
sionally been communicated [10]. A possible explanation for this fact is that 
H. pylori colonization rates may increase with the time elapsed from surgery, as 
our own results seem to show. 

In patients submitted to partial gastrectomy, a narrow correlation between 
the absence of H. pylori recovery and the following facts has been demonstrated 
by O'Connor et al. [11]: high indexes of bile reflux, hypochlorhydria (pH ~ 4), 
and high gastric bile salt concentration ( ~ 1 mmoljl). Offerhaus et al. [6] 
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studied a group of patients with previously demonstrated PUD and H. pylori 
infection submitted to different surgical approaches for the treatment of their 
disease: all patients in whom a Roux-en-Y reconstruction (a procedure virtually 
eliminating bile reflux) had been chosen failed to clear the microorganism, while 
it was still present after surgery in 55% of patients submitted to a Billroth II 
gastroenteroanastomosis. This seems to support the potential of bile reflux in 
inhibiting the growth of H. pylori. 

Steer [12J reported on patients submitted to selective or truncal vagotomy 
for the treatment of PUD: they showed a statistically significant decrease in the 
total number of Helicobacter-like bacteria following surgery. A possible ex­
planation could be a theoretical competitive growth of other bacteria on the 
operated stomach. These microorganisms would represent the normal coloni­
zing flora of oropharynx and the large intestine. 

A frequent discussed topic is a possible role for H. pylori in gastric 
carcinogenesis. The fact that recovery rates rise with the time elapsed from 
surgery attracted our attention: it is known that the development of gastric 
remnant neoplasms follows a similar tendency. However, these data must be 
cautiously considered, given that the number of patients studied is rather low. 
Larger studies would be needed to ascertain this observation. 
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Helicobacter pylori and Duodenal Ulcer 

C. O'Morain and R. Collins 

The causation of duodenal ulcer is thought to be an imbalance between 
aggressive and host resistance factors. Up to now the most important aggressive 
factor was acid, and there is a dictum stating that if there is no acid there is no 
ulcer [1]. However, if one analyses this claim it is clear that only 50% of patients 
who have duodenal ulcers are acid hypersecretors as determined by various 
stimulatory tests, therefore acid is not the only factor to cause duodenal ulcer 
[2]. 

In the 1970s the discovery of H2 antagonist receptors was a significant 
contribution in the treatment of duodenal ulcer. These agents effectively reduce 
acid secretion. It was first suggested that the dose of cimetidine should be taken 
five times a day. Since then there has been progress in that suppressing 
nocturnal acid secretion is important and that, by administering a single dose at 
night, is effective in healing ulcer. There are now several pharmaceutical 
companies making H2 antagonists. There are few advantages of one over the 
other. Claims are made for some in that they do not interact with other drugs 
[3], however, this is not usually a major problem in clinical practice. 

H2 antagonists can achieve 96% healing of duodenal ulcer if given for a 
period of 8 weeks [4]. However, once the ulcer is healed it is likely to recur again. 
up to 80% of patients relapse within 1 year [5]. The strategy for treating patients 
who frequently relapse is to continue to treat with H2 antagonist at a mainte­
nance dose, usually half the healing dose, or prescribe other drugs such as 
mucosal protective agents or recommend surgery. 

However, these recommendations preceded the discovery of Helicobacter 
pylori, a Gram-negative spiral organism which resides deep in the gastric pits 
protected from the acidic environment of the stomach by the gastric mucus 
layer. It was first described in association with chronic active gastritis [6]. 
However, in the literature there are several reports suggesting urease-producing 
organisms in patients operated on for peptic ulcer disease [7]. 

H. pylori-Pathogen or Commensal 

Whether H. pylor.i is a pathogen or a commensal has been widely debated. In 
support of a pathogenic role is that it adheres to cell culture in vitro [8]. Several 
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enteropathogenic organisms have this property. This enables it to bind closely 
to the gastric epithelium through receptor sites and prevents its dislodgment by 
peristaltic waves of the gastrointestinal tract, and close adherence can increase 
local concentration of toxic enzymes. It also elicits an antibody response both 
locally and systemically [9], and secretes a variety of cytotoxic enzymes 
including urease, mucinase and phospholipases. 

Transmission of H. pylori 

Studies from both humans and animals show that it can be transmitted [10,11]. 
The incidence of H. pylori infection increases with age and is more frequent in 
underdeveloped countries and more common among the poor than the rich. This 
points to a person-to-person transmission. 

We carried out a study of relatives of patients who had H. pylori in 
association with duodenal ulcer and relatives of controls who had a normal 
endoscopy and in whom culture of the antral biopsy did not grow H. pylori. A 
total of 90% of the relatives of patients with a duodenal ulcer associated with H. 
pylori had a raised antibody level, whereas only 10% of the controls had a high 
antibody level [12]. H. pylori was found in most patients with duodenal ulcer, 
and those patients in whom it was not found were invariably taking non­
steroidal anti-inflammatory drugs [13]. 

Different Strains of H. pylori 

Helicobacter pylori is found in 95% of patients with chronic gastritis, 70% of 
patients with gastric ulcer and 90% of patients with duodenal ulcer. The wide 
variety of gastroduodenal diseases would point to the supposition that there are 
different strains associated with the various conditions. In order to see if this is 
the case we looked at virulence factors. H. pylori secretes a wide range of 
cytotoxic enzymes including urease, oxidase, mucinase and phospholipase. 
Some of these enzymes are used in its identification. Of particular interest to us 
is phospholipase [14]. Phospholipases act on lysolecithin, an integral part of the 
cell membrane, and the product of phospholipase activity on lecithin itself is 
cytotoxic. There are a number of phospholipases and they are named according 
to the site where they cleave. Patients who have a duodenal ulcer have more 
phosopholipase C activity than patients with gastritis. This suggests that the 
strain associated with duodenal ulcer is more virulent. 

H. pylori and Duodenal Ulcer 

There is a strong association between H. pylori and type B gastritis and peptic 
ulceration. Colloidal bismuth subcitrate is associated with a lower relapse of 
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duodenal ulcer on account of its antibacterial properties, but it is difficult to 
prove that H. pylori infection causes peptic ulcer disease. We have contributed 
three important studies to this debate: (a) we found that bismuth, but not 
cimetidine, improves associated gastritis and suppresses H. pylori in duodenal 
ulcer [15] ; (b) colloidal bismuth subcitrate heals H. pylori-positive ulcers but 
not H. pylori-negative ulcers [16] ; (c) eradication of H. pylori lowers the relapse 
rate of duodenal ulcer [17]. 

We have extended our studies and found the overall recurrence rate in 50 
patients in whom we successfully eradicated H. pylori to be 10%. This compares 
more than favourably with the use of H2 receptor antagonist in maintenance 
treatment. Duodenal ulcers only occurred in patients who were reinfected with 
H. pylori. In a follow up of patients, 18 were reinfected, ten had gastritis and five 
had duodenal ulcer. This suggests the sequence of events to be H. pylori 
reinfection leading to gastritis and then to a duodenal ulcer. 

H. pylori and Pathogenesis of Duodenal Ulcer 

The link between H. pylori and duodenal ulcer may appear tenuous since H. 
pylori is found only in gastric epithelium. However, gastric metaplasia in the 
duodenum is found in at least 70% of patients with duodenal ulcer. We also 
found that H. pylori from the antrum can invade the gastric metaplastic tissue 
[18]. In patients with duodenal ulcer who have been successfully treated with 
metronidazole and colloidal bismuth subcitrate, gastrin levels fall following 
successful eradication of the bacteria. H. pylori can cause local gastritis and, by 
increasing local pH, this will result in increased gastrin [19]. Gastrin in turn 
stimulates acid hypersecretion. A low pH in the duodenum is injurious to the 
duodenal mucosa and gastric metaplasia occurs in response to the hyperacidity. 
Gastric metaplasia can be infected by bacteria releasing cytotoxic enzymes and 
resulting in duodenal ulcer. 

Helicobacter pylori therefore plays a central role in the aetiology of duodenal 
ulcer. The old dictum of "no acid, no ulcer" needs to be revised in that if there is 
no H. pylori, no hypersecretion of acid can occur, and no ulcer will develop. 

Colloidal Bismuth Subcitrate 

Colloidal bismuth subcitrate has been used for some considerable time in the 
treatment of peptic ulcer disease. It enables healing by enhancing prostaglandin 
production, improving the mucus layer and increasing alkaline production [20]. 
It also has an effect on H. pylori in vitro [21]. Previous studies have shown its 
effect to be superior compared to H2 antagonists in that patients have a lower 
relapse rate [22-28]. In a study from our unit [26], we randomised patients to 
one of two treatment regimens: colloidal bismuth subcitrate or cimetidine. The 
patients were endoscoped at the beginning and at the end of treatment to see if 
their ulcers had healed and if H. pylori was present. The presence of H. pylori 
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was documented by histology, Gram stain and culture. We followed up the 
patients and endoscoped them if they became symptomatic or at the end point 
of 1 year. We found that patients who remained H. pylori positive after their 
ulcer had healed had an 80% relapse rate, whereas only 10% relapsed of those 
who had the bacteria eradicated. Patients who were H. pylori negative and 
relapsed had been reinfected with H. pylori. Since then there has been worldwide 
confirmation of this observation. There are eight independent studies with over 
500 patients with duodenal ulcer in whom H. pylori had been eradicated with a 
very low relapse rate, and of those who relapsed all were reinfected with 
H. pylori [29-36]. 

Colloidal bismuth subcitrate only eradicates H. pylori in 30% of cases. In 
our initial studies we took biopsies from the patients immediately after cessation 
of treatment. It is now generally accepted that 4 weeks should elapse before 
biopsies are taken and before eradication can be claimed because some drugs 
have a bacteriostatic effect. We have found that colloidal bismuth subcitrate at a 
dose of one tablet four times a day is superior to two tablets twice a day [37]. 

Antibiotic Therapy 

Helicobacter pylori is sensitive to a wide range of antibiotics in vitro, and it is 
logical that antibiotics should be used in treatment regimens. The most success­
ful in eradication is with metronidazole. The ideal antibiotic is one that would be 
secreted into the stomach. Metronidazole given intravenously is secreted into 
the gastric juice, whereas ampicillin is not [38]. Metronidazole is not dependent 
on pH for its activity, which would make it an ideal choice for the treatment of 
H. pylori. A combination of metronidazole and colloidal bismuth subcitrate 
achieves an eradication rate of up to 70% [39]. However, in some patients H. 
pylori is resistant or develops resistance to metronidazole. Triple therapy with a 
second antibiotic improves eradication rates, but side effects are common 
including some potentially serious ones such as Clostridium dijficile-induced 
diarrhoea [40]. 

Our treatment of choice at the moment is triple therapy with colloidal 
bismuth subcitrate, one tablet four times a day, along with tetracycline 500 mg 
t.d.s. for 1 week, and metronidazole 400 mg t.d.s for 1 week. With this regimen 
we get an eradication rate of up to 90% [17]. We feel that the eradication rates 
would be improved if the regimen were more simple which would improve 
patient's compliance. 

Omeprazole and H. pylori 

Omeprazole is an innovative drug in that it renders the patients completely 
achlorhydric by inhibiting the proton pump. We have shown that omeprazole 
heals duodenal ulcers resistant to H2 antagonists and the associated gastritis 
also improved [41]. We found that H. pylori was suppressed while on treatment. 
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However, 4 weeks after discontinuing treatment all the patients had H. pylori 
back again. The temporary suppression may be due to achlorhydria as the 
bacteria do not have to secrete urease to keep their micro-environment alkaline. 
We have shown that by combining omeprazole with antibiotics, metronidazole 
and tetracycline, the H. pylori can be eradicated in 60% of patients. We are 
currently studying the efficacy of this regimen long term in preventing relapse. 
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Helicobacter pylori and the Oesophagus 

N. Ectorsl, K. Geboesl, J. Janssens2, V. Desmet1 and G. Vantrappen2 

Introduction 

The occurrence and pathogenic properties of Helicobacter pylori have been 
studied extensively in the stomach [1-7] and in the duodenum [8-11]. Despite 
the prevalent nature of acid-related disorders in the oesophagus, the role of 
Helicobacter pylori in this localisation has received little or no attention and 
therefore remains to a large extent unknown. 

H elicobacter pylori has been reported to be present in Barrett's oesophagus 
[12-19]. Of Paull and Yardley's [12] patients with a Barrett's oesophagus and 
an H. pylori-positive gastric biopsy, 40% (n = 4/10) showed H. pylori in the 
Barrett's mucosa. Of the patients of R. Talley et al. [13] with a Barrett's 
oesophagus and an H. pylori-positive gastric biopsy, 68% (n = 13/19) showed 
H. pylori at the lower oesophageal sphincter and 54% (n = 7/13) were colonized 
at a distance of 2 and/or 4 cm. Of the unselected patients of N. Talley et al. [14] 
with Barrett's oesophagus, 52% (n = 12/23) had H. pylori in the oesophagus. 
Only 15% (n = 3/20), 29% (n = 2/7) and 23% (n = 19/82) of the patients of, 
respectively, Hazell et al. [15], Walker et al. [18] and Stuart et al. [19] showed 
the presence of H. pylori under the same circumstances. Despite some variation 
in the figures, there is unanimity in the finding of H. pylori in a vast proportion 
of patients with Barrett's oesophagus. In contrast, there is an obvious divergence 
in the finding of associated inflammatory changes. All four of Paull and 
Yardley's patients with H. pylori in their Barrett's oesophagus showed acute 
inflammation of this mucosa [12]. The presence of H. pylori was associated with 
only a mild inflammatory reaction in the patients of R. Talley et al. [13]. 
Whether H. pylori was found or not, the scores for acute and chronic inflamma­
tion were similar in the patients of N. Talley et al. [14]. The frequency of 
ulceration was similar in H. pylori-positive or -negative biopsies in Paull and 
Yardley's patients [12]. Similarly, patients with a Barrett's oesophagus com­
plicated by stricture and/or ulcer (24.4%) were no more likely to be H. pylori 
positive than uncomplicated cases (21.6%) in the group of Stuart et al. [19]. 
However, all three patients of Hazell et al. [15] (100%) demonstrated active 
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ulceration, this was in contrast to only 29% of patients in whom H. pylori was 
absent. 

Helicobacter pylori has only been documented in ectopic gastric mucosa of 
the upper oesophagus in our multicentric study; the results have been discussed 
at length [20]. 
In a study on reflux oesophagi tis, H. pylori was isolated on oesophageal cultures 
and reported to be present on squamous as well as columnar epithelium [21]. 
The organisms were found on ulcerated squamous mucosa. H. pylori has also 
been cultured from six squamous epithelium-lined oesophageal biopsies by 
Walker et al. [18] but they could not be demonstrated morphologically at this 
site by light microscopy or electron microscopy. In two of these six cases the 
oesophagus was the only site of isolation. 

Materials and Methods 

Barrett's Oesophagus 

We reviewed endoscopic biopsies from 49 patients with a Barrett's oesophagus. 
These patients were subdivided according to the presence (n = 26) or absence 
(n = 23) of ulceration in the columnar-lined oesophagus. The composition ofthe 
mucosa was analysed and described as junctional type, body type and special­
ized intestinal type mucosa. We assessed the presence and localisation of H. 
pylori together with the presence and nature of an inflammatory reaction in the 
mucosa. The parameters related to H. pylori and the inflammatory reaction were 
also analysed in gastric biopsies taken during the same endoscopic session 
(n = 7) or taken at another occasion (n = 24). The analyses were performed in a 
semi-quantitative way. The results were evaluated by means of the Fisher exact 
test. The biopsy material was Bouin's or formalin fixed, paraffin embedded and 
stained with haematoxylin and eosin and cresylviolet. 

Oesophageal Heterotopic Gastric Mucosa 

A total of 56 cases of heterotopic gastric mucosa in the upper oesophagus were 
reviewed in a multicentric study. Gastric biopsies taken during the same 
endoscopic session were available in 18 cases. The procedure was entirely 
comparable with the one described for the Barrett's oesophagus cases. 

Normal Oesophagus 

We examined endoscopic oesophageal biopsies obtained in the upper (n = 20), 
middle (n = 20) and distal (n = 20) oesophagus of various adult patients. The 
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selection criteria for these biopsies were the presence of squamous epithelium­
lined mucosa with submucosal oesophageal glands. Gastric biopsies were 
available in all cases. Again, a similar procedure was applied. 

Results 

Barrett's Oesopbagus witb Ulcer 

The Barrett's oesophagus was lined with junctional-type mucosa in 23 cases, 
specialised intestinal-type mucosa in 20 cases and contained body-type glands in 
three cases (Table 1). H. pylori were present in 17 cases out of 26 (65%). They 
were mainly found on the mucosal surface as well as in the crypts (n = 13) and 
were numerous in nine cases. In these H. pylori-positive biopsies an associated 
inflammatory process was found in five cases and a lymphoid hyperplasia in 
four cases. 

Gastric biopsies were available in ten cases, half of them were taken during 
the same endoscopic session. All gastric biopsies were H. pylori positive, and 
nine of them showed an associated inflammatory process, with activity in four 
cases. Of these H. pylori-positive gastric biopsies 70% were associated with an 
H. pylori-positive Barrett's oesophagus with ulcer. 

Barrett's Oesopbagus Witbout Ulcer 

The lining mucosa was of junctional type in all cases together with specialized 
intestinal type mucosa in 20 cases and body type glands in two cases (Table 2). 
H. pylori were present in seven cases out of 23 (30%). Again, they were mainly 
found on the mucosal surface as well as in the crypts (n = 5). They were, 
however, scant in the majority of cases (n = 5). Only three biopsies showed an 
associated inflammatory process. 

Table 1. Resu1ts-Barretl's oesophagus with ulcer (n = 26) 

(n) (%) 

Type of mucosa 
Junctional-type mucosa 23 89 
Body-type glands 3 12 
Intestinal-type mucosa 20 77 

Presence of H. pylori 17 65 
Associated inflammation 9 35 
Gastric Biopsies 10 

Presence of H. pylori 10 100 
Associated inflammation 9 90 
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Table 2. Results-Barrett's oesophagus without ulcer (n = 23) 

(n) (%) 

Type of mucosa 
Junctional-type mucosa 23 100 
Body-type glands 2 9 
Intestinal-type mucosa 20 87 

Presence of H. pylori 7 30 
Associated inflammation 3 13 

Gastric biopsies 14 
Presence of H. pylori 14 100 
Associated inflammation 6 43 

Gastric biopsies were available in 14 cases, but only two were taken during 
the same endoscopic session. Again, all gastric biopsies were H. pylori positive, 
but with an associated inflammatory reaction in only six cases. This inflamma­
tory reaction appeared active in four cases. Five of these H. pylori-positive 
gastric biopsies were associated with an H. pylori-positive Barrett's oesophagus 
without ulcer. 

Oesophageal Heterotopic Gastric Mucosa 

The heterotopic gastric mucosa consisted of antral type mucosa in six cases 
while the other 50 cases contained body-type glands (Table 3). A chronic 
inflammatory process was found in 23 cases (41 %). Activity was only present in 
three cases. H. pylori were observed in three of the 56 cases (5.3%) (Fig. 1). All 
three cases contained body-type glands. The heterotopic mucosa was normal in 
one case and showed an active chronic inflammatory process in the remaining 

Table 3. Results-oesophageal heterotopic gastric mucosa (n = 56) 

(n) (%) 

Type of mucosa 
Antral-type mucosa 6 11 
Body-type glands 50 89 

Associated inflammation 23 41 

Presence of H. pylori 3 5 

Associated inflammation 2 67 

Gastric biopsies 18 
Associated inflammation 5 28 
Presence of H: pylori 5 28 
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Fig. 1. Numerous H. pylori were seen in the mucus overlying the surface of the ectopic columnar 
epithelium. The epithelium as well as the lamina propria contained a number of inflammatory cells 
as can be seen in this figure (cresyl violet) 

Fig. 2. H. pylori were found to be present in the lumen of the oesophageal submucosal glands. In this 
figure they can be seen in the lumen of the crypt of an oesophageal submucosal gland connecting to 
the surface through the squamous epithelium (cresyl violet) 
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Table 4. Results-presence of H. pylori 

Total H. pylori positive 
(n) 

(n) (%) 

Barrett's oesophagus 26 17 65 
with ulcer 

Barrett's oesophagus 23 7 30 
without ulcer 

Oesophageal heterotopic 56 3 5 
gastric mucosa 
Normal oesophagus 

Upper 20 4 20 
Middle 20 1 5 
Distal 20 6 30 

two cases. During the same endoscopic session gastric biopsies were taken in 18 
patients. Five of these biopsies showed an active chronic gastritis with H. pylori. 
Two of them were associated with H. pylori-positive oesophageal heterotopic 
gastric mucosa. 

Normal Oesophagus 

In the 20 biopsies from the upper, middle and distal oesophagus the submucosal 
oesophageal glands contained H. pylori in four, one and six biopsies, respect­
ively (Fig. 2; Table 4). These figures correspond to 20%, 5% and 30%. Gastric 
biopsies were available from all these cases. All the H. pylori-positive oesopha­
geal biopsies were associated with H. pylori-positive gastric biopsies. No 
associated inflammatory reaction was found near the submucosal glands. 

Discussion 

Since the rediscovery of H. pylori [1], attention has been focussed on its presence 
and role in the pathogenesis of gastric diseases [2~ 7]. Nowadays, H. pylori is 
strongly implicated in the aetiology of non-immune chronic gastritis and peptic 
ulcer disease [1 ~ 11]. Morphological observations demonstrated the close rela­
tionship of H. pylori to gastric mucin cells. Heterotopic and metaplastic gastric 
epithelium can be found in all portions of the alimentary tract. By analogy 
H. pylori was looked for on gastric mucin cells in other, heterotopic or 
metaplastic, localisations. H. pylori is present in areas of gastric metaplasia in 
the duodenum and has been implicated in the aetiopathogenesis of duodenal 
ulcers [8~ 11]. H. pylori has also been reported to colonise heterotopic gastric 
mucosa in the rectum [22]. The search for H. pylori in gastric mucosa in Meckel's 
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diverticulum was successful too [23J. Although the search for H. pylori in 
Barrett's oesophagus, as a complication of an acid-related disorder, seems 
obvious, it has received a somewhat limited interest [12-19]. 

Barrett's Oesophagus 

First we focussed our attention on Barrett's oesophagus. H. pylori is present in 
Barrett's oesophagus with an incidence of 40% and 68% in patients with 
H. pylori in the stomach [12, 13J. Independently of the gastric H. pylori status, 
the incidence varies from 15% to 52% [14, 15, 18, 19]. However, as far as the 
relationship with inflammation and ulceration is concerned, the literature 
findings are controversial. H. pylori has [12, 13J or has not been [14J associated 
with active and/or severe inflammation and has [15J or has not been [12, 19J 
associated with ulceration. 

Our results show an overall incidence of 49%. The presence of ulceration, 
however, appeared to be a discriminating factor. Barrett's oesophagus with or 
without ulceration was associated with H. pylori in 65% and 30% of cases, 
respectively. This difference is statistically significant (p = 0.015). Hazell et a!. 
[15J did not statistically analyse their results obtained in a rather limited group 
[15]. However, their results are also significant (p = 0.049). It may be argued 
that the difference in associated inflammation (35% versus 13%) may be related, 
in a number of cases, to the ulceration rather than directly to the presence or 
absence of H. pylori. However, although in all our cases of Barrett's oesophagus 
gastric H. pylori were present, it appeared that this presence was related to an 
inflammatory reaction in the stomach in 90% and 43 %, respectively, in the 
Barrett's oesophagus patients with or without ulceration. These results are also 
statistically significant (p = 0.024). These results lead us to suggest an aetio­
logical role for H. pylori in the ulceration of Barrett's oesophagus. Considering 
the findings related to the associated gastritis, this role may eventually be linked 
to a variable pathogenic potential of different bacterial strains. This possibility 
has already been put forward for the gastric mucosa [24J. The importance of 
H. pylori in Barrett's oesophagus may be corroborated by the clinical experience 
that reflux oesophagi tis improves under colloidal subcitrate and cimetidine 
therapy [21]. 

Oesophageal Heterotopic Gastric Mucosa 

We assessed the presence of H. pylori in oesophageal heterotopic gastric 
mucosa. H. pylori were observed in three out of 56 (5.3%) heterotopic gastric 
mucosa cases. All three cases were of body-type mucosa. The mucosa appeared 
normal in one case but showed an active chronic inflammation in the remaining 
two cases. This finding contrasts with the absolute absence of H. pylori in 
Barrett's oesophagus above 4 em proximally of the lower oesophageal sphincter 
as reported by R. Talley et a!. [12J, but should not be unexpected since H. pylori 
can be found as far away from the stomach as in the rectum [22]. The finding of 
H. pylori in heterotopic gastric mucosa in the upper oesophagus could be 
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explained by the existence of gastro-oesophageal reflux as well as by the location 
of the ectopy on the infection route. Although initially thought to be of a 
congenital nature, oesophageal heterotopic gastric mucosa could share a com­
mon aetiopathogenetic link with Barrett's oesophagus [25]. Besides, H. pylori 
has never been cultured from the oropharynx [18]. The prior hypothesis may 
therefore be more likely. 

Normal Oesophagus 

The results obtained by Walker et al. [18] and Borkent and Beker [21] 
prompted us to look for H. pylori in squamous oesophageal epithelium. Walker 
et al. cultured H. pylori from oesophageal biopsies in 27% (n = 8/30) of patients 
without being able to identify H. pylori in the oesophagus by light microscopy or 
electron microscopy. Only two of these patients had gastric-type mucosa in their 
oesophagus. Borkent and Beker isolated H. pylori on oesophageal cultures in 
45% (n = 9/20) of their patients with severe reflux oesophagitis. We report the 
presence of H. pylori by light microscopical examination in submucosal oeso­
phageal glands. The incidence varied between upper (20%), middle (5%) and the 
distal third (30%) of the oesophagus and may be related to the distribution of 
the oesophageal glands [26]. The micro-organisms were seen in the mucus 
present within the glands. No associated inflammatory changes were found. 
These findings probably explain the results obtained by Walker et al. and 
Borkent and Berker. Submucosal oesophageal glands are not often present in 
endoscopic biopsies, and, if present, attention is not likely to be caught if no 
pathological changes are present. The absence of inflammation is probably due 
to the absence of acid, confirming the importance of both H. pylori and acid in 
the aetiopathogenesis of peptic lesions [11]. Like the fundus, the oesophagus 
could function as a reservoir and be the source of re-infection in a treated 
patient. All our positive patients also showed H. pylori in their gastric biopsies. 
However, Walker et al. [18] found two cases where the only site of isolation 
appeared to be the oesophagus. From therapeutic point of view, the most 
important difference in the fundus or the oesophagus functioning as a reservoir 
would be the lack of direct/close contact between H. pylori and the drugs. From 
clinical experience it seems this contact is important for therapeutic success. 

These findings should caution against the idea that, if patients do not have 
gastric H. pylori, they will not have H. pylori in other sites such as the (Barrett's) 
oesophagus. 
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Gastritis: A Short Appraisal of Classification 
and the Sydney System 

A.B. Price 

The confusion surrounding the classification of gastritis conjures up that in the 
biblical story of the Tower of Babel. There are many classifications in use 
[1-11], but there is limited common language. For example, type B gastritis 
according to Wyatt and Dixon [10] is aetiological, referring to a bacterial 
gastritis, but Yardley's type B gastritis [9] is morphological and indeed specific­
ally excludes a bacterial pathogenesis, in particular H elicobacter pylori. Indeed, 
for clinicians and pathologists alike, especially those without a detailed know­
ledge of the field, the situation is nearly as confusing as the classification of 
lymphomas. To try and solve that dilemma an expert group was set up and 
produced a working formulation: a simple system which acted as a matrix on 
which the various classifications could be interrelated. The Working Party on 
Gastritis, set up by the 9th World Congress of Gastroenterology in Sydney, 
produced the Sydney System for the Classification of Gastritis [12]. This was 
prompted by the contradictions between existing classifications and the acute 
need for widely acceptable terminology following the deluge of new data, the 
result of the discovery of H. pylori [13] as one of the main causes of chronic 
gastritis. 

In this brief critique it is worth stressing that the Sydney System does not 
incorporate a new discovery but is merely an attempt to rationalize the current 
classifications. The System has an endoscopic division and a histological 
division, and both will need to be tested in the field of everyday gastroenter­
ology. Here only a brief resume of the histological limb is appropriate and a 
short appraisal of its role in the context of the other classifications and the 
natural history of gastritis. 

The gold standard for any classification must be one based on aetiology. The 
discovery that H. pylori may be responsible for over 80% of cases of chronic 
gastritis has now made this a feasible goal. To this end, the Sydney System 
incorporates aetiology along with two other limbs, topography and morpho­
logy, into a flexible formula for classification (Fig. 1). Most of the previous 
classifications have been based on only one of these limbs. The terminology of 
the System remains purely descriptive. Alphabet letters such as A, B, C to 
designate patterns [4-6, 10, 11] are abandoned because of past confusion, as are 
functional terms, e.g. hypersecretory [7]. Only three basic forms of gastritis are 
recognized: acute, chronic and special fOlms. Integral to the System is the 
separate assessment of antral and corpus pathology (two biopsies from each 
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Fig. 1. Histological division of the Sydney System [12] 
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compartment are recommended) recognIzing that each compartment has a 
differing role in the natural history of gastritis, determining the development of 
duodenal ulcer, gastric ulcer and even gastric cancer [14, 15]. 

In more detail, in the morphological limb, inflammation (chronic inflammat­
ory cells), activity (neutrophil polymorph component), atrophy, metaplasia and 
numbers of H. pylori are graded on a simple scale of mild, moderate or severe (0, 
1,2,3). These five attributes, at the present time, best correlate with outcome and 
allow scope for quantitation of the progression or response to therapy_ Other 
morphological features, "non-specific" (Fig. 1), are merely documented as 
appropriate, not graded. The category of "specific" (Fig. 1) refers to granulomas, 
significant numbers of eosinophils [16], lymphocytes [17] or similar distinctive 
features that suggest a specific pathogenesis, even though the aetiology may not 
yet be known. The System recommends anyone of the simple special stains for 
H. pylori to be a routine requirement but not yet the detailed breakdown of the 
three patterns of intestinal metaplasia. 

After completion of the morphological limb the distribution of disease is 
encapsulated in the topography as gastritis of the corpus, gastritis of the antrum 
or pangastritis, the latter qualified, if necessary, by an indication of the predom­
inant compartment involved. Finally, the aetiology, when known, is integrated 
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into the conclusion according to a formula placing it as the prefix to the 
topography and morphology as suffix. Two examples of the completed classi­
fication might be (a) Helicobacter-associated pangastritis, antrum predominant; 
(b) drug-induced acute antral gastritis with erosions. The drug-induced example 
illustrates that clinical data as well as pathology are required to complete the 
classification in some cases. 

The System with this combination of aetiology, topography and morpho­
logy has several advantages. It has built-in flexibility and it takes account of 
current knowledge on aetiology. It employs simple morphological terms that 
ought to be within the capability of general pathologists. It uses a simple grading 
scale permitting comparisons between biopsies and between investigators. 
Abandoning the alphabetical codes and any commitment to a particular theory 
of pathogenesis eliminates semantic confusion yet still provides an easily 
understood reference matrix for workers too wedded to older classifications to 
change. 

A purist might criticize the Sydney System for not being strictly a classifica­
tion if defined as a way of grouping nosological entities. It is more a hybrid 
between a classification and a method of reporting. However, it overcomes the 
ambiguities amongst the existing classifications, most of which also fall outside 
the above definition. The main controversies are over chronic gastritis, for acute 
gastritis, although a clinical problem, is short-lived and rarely seen in biopsy 
work. However, the acute phase of H. pylori gastritis is becoming increasingly 
recognized [18]. Special forms of gastritis, such as granulomatous gastritis, are 
seldom problems of classification. 

Regardless of classification, certain topographical patterns of chronic gastri­
tis are well recognized in peptic ulcer disease [19J. The chronic gastritis 
associated with duodenal ulceration is predominantly antral, that of gastric 
ulceration usually a pangastritis. H. pylori-associated gastritis is invariably 
associated with chronic antral gastritis, though it is often more extensive, 
especially initially, whilst autoimmune gastritis is a chronic gastritis of the 
corpus and in a small proportion of cases may extend to include the antrum. 
Most of the classifications in use recognize these different topographical pat­
terns. The differences lie in how each incorporates what is known of the natural 
history of gastritis. To some extent these differences reflect the Atlantic divide 
[20J. American authors, namely Correa [8J and more recently Yardley [9J, view 
H. pylori-associated gastritis as a distinct entity that mayor may not occur in 
conjunction with other distinct patterns of gastritis characterized by atrophy 
and metaplasia. By contrast, mainly based on the longitudinal studies from 
Finland, gastroenterologists and pathologists in Europe, whatever their ter­
minology, favour a progressive spectrum of change in chronic gastritis. This is 
likely to be initiated by H. pylori, with atrophy and metaplasia then developing 
in a certain proportion in response to an as yet unidentified set of genetic or 
environmental factors. The effect of these factors on the pathology of the corpus, 
antrum or both, in particular the development of atrophy and metaplasia, 
determine gastric function and hence the risk of peptic ulcer and probably 
gastric cancer [21-24]. 

Although the discovery of H. pylori was a giant step, providing an aetiology 
for the large majority of cases of chronic gastritis, it is only a tip-toe towards 
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unravelling the factors that determine its progression. These are now the key 
issues, for on them rests how peptic ulcer and gastric cancer evolve from chronic 
gastritis and ultimately whether H. pylori requires eradication on a large scale. 

This dynamic concept of chronic gastritis is better suited to the Sydney 
System than other less flexible classifications. In this respect, the malleable 
nature of the histological division of the Sydney System, combining aetiology, 
topography and morphology, provides an unambiguous way to document 
gastric inflammatory disease unfettered by previous concepts. 

It would be unrealistic to think it might not need some future modifications. 
Paramount is the need for rigorous tests of reproducibility between observers 
and investigators. Other limitations also exist. For example, in chronic gastritis 
when H. pylori is not seen, nor any other obvious aetiology or special form, the 
unsatisfactory term "idiopathic" still has to be invoked. At present, in routine 
diagnostic work, one cannot ascertain in such cases if H. pylori initiated the 
inflammation, as seems likely from some serological studies [25], nor can one 
account for the persistence of inflammation in the absence of the organism. Like 
"idiopathic", the term "pangastritis" is not ideal, implying diffuse abnormality. 
In the Sydney System it is used to convey involvement of both gastric com­
partments by what is probably a patchy process. Finally, the term "reactive 
gastritis", proposed to replace the terms "reflux gastritis" and "type C gastritis" 
[26, 27] so as to reflect the histology and accommodate a wider range of 
aetiologies, may not be strictly appropriate, though adequate for the time being. 
However, most of the above limitations are semantic and the System does offer 
workers in the field a clear-cut method of reporting, classification and compara­
tive research. New advances may be integrated into any of the limbs, as may 
eventual modifications in terminology. 

Only use and experience, reflected in publications over the next few years, 
will show whether this classification finds widespread acceptance. 
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Stress Proteins and Local Immune Response 
in Helicobacter pylori-Associated Chronic Gastritis 

L. Engstrand 

Introduction 

Interest in gastric immunity has increased since the rediscovery of Helicobacter 
pylori. The induction of local immune response elicited by these bacteria has 
focused the interest on stomach-associated immunology (this part of the gut 
was almost neglected for a long time due to its considered lack of immunocom­
petence). Today, histologic evaluation of gastritis requires an immunologic 
basis. 

There still remain significant gaps in our knowledge of the pathogenic 
mechanisms of H. pylori. It is likely that the disease mechanisms are both 
complex and multiple. Colonization factors as well as disease-causing factors 
have been proposed as virulence factors. The local immune response to H. pylori 
is well established, and there are characteristic immunohistologic patterns. We 
and others [3, 19] have previously shown that there is an increased number of 
T lymphocytes in the epithelium and an induced expression of class II antigens 
on the epithelial cells. Moreover, lymphocyte aggregates mainly comprising 
CD4-positive T cell subsets as well as lymphoid follicles with a predominance of 
B cells and plasmocytosis with a dominance of IgA secreting plasma cells are 
strongly associated with H. pylori-associated chronic gastritis and indicate that 
the bacteria may initiate local immune response. 

Since we found an increased number of intraepithelial T cells in gastric 
biopsy specimens from patients with H. pylori-associated chronic gastritis of the 
antrum [3], we posed the question whether these T cells express the ylb receptor. 
The close adhesion of H. pylori to the epithelial cells [1] and the eventuality of 
invading organisms (Evans, personal communication) [1, 4] might stress these 
cells as well as the environment in the stomach possibly stressing the bacteria 
itself. Therefore we decided to investigate whether H. pylori and the gastric 
epithelium express heat shock proteins. 

Stress Proteins 

Heat shock proteins (HSP) or stress proteins are a highly conserved group of 
proteins found in prokaryotic and eukaryotic cells. To cells exposed to stress like 
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heat, inflammation, and anoxia [16] these HSP become the major trans­
criptional products. Induction of HSP is rapid and intense [17] but HSP can 
also be expressed at lower levels in normal cells indicating a physiologic role in 
maintaining normal cell functions [20]. HSP are the major antigens of many 
pathogens [14]. Increased synthesis of HSP in these pathogens may be caused 
by stress imposed by the host [14]. HSP 65 kDa is a major antigen of 
Mycobacteria leprae, Mycobacteria tuberculosis and other species of mycobac­
teria [5]. A homologue of the 65-kDa HSP of Mycobacteria bovis that shares 
65% sequence homology on the protein level has been identified in humans 
[12]. 

rIb T Cells: Frontiers in the Immune System 

Data imply that T cells with the ylfJ receptor are specialized to recognize the 
mycobacterial 65-kDa HSP. In humans, ylfJ T cells account for 1 %-5% of 
peripheral blood T cells and they are distributed mainly in the lymphoid organs 
[6]. ylfJ T cells are capable of producing cytokines including interleukin 2 (IL2), 
IL3, IL4, and interferon-y (IFN-y) [2, 22]. We have only just begun to 
understand the physiologic function of ylfJ T cells, and direct demonstration of 
their role in the immune response is lacking. However, distinct ylfJ T cell subsets 
may have different roles in immunity. ylfJ T cells localized in epithelial layers 
form a first barrier between host and pathogen. An increased number of 
intraepithelial ylfJ T cells have been demonstrated in the intestine of patients 
with celiac disease [7]. They may be directed against intestinal microorganisms 
or specialized for the elimination of transformed, infected, or otherwise stressed 
autologous cells [11]. Perhaps, some ylfJ T cells may have a dual function, both 
eliminating stressed autologous cells, as well as possessing immunity to bacteria. 
One hypothesis is that ylfJ T cells are involved in autoimmunity elicited by 
bacterial infections and cross-react to autologous HSP, which may be expressed 
at high levels by stressed cells at infection sites [14]. During the last year several 
reports have shown that T cells with the ylfJ receptor are activated by mycobac­
terial antigens [8, 10]. HSP 65 kDa-reactive ylfJ T cells have been isolated from 
peripheral blood after stimulation with purified protein derivative (PPD) [8] 
and from the synovial fluid of a patient with rheumatoid arthritis [10]. 

Association of H. pylori, 65-kD HSP and rIb T Cells 

A total of 31 patients were examined by endoscopy because of symptoms in the 
upper gastrointestinal tract. Two biopsy specimens were taken in the prepyloric 
area and processed as described elsewere [3]. In 23 patients gastritis was 
diagnosed histologically, and growth of H. pylori was demonstrated by culture. 
Eight patients showed no histologic gastritis and were H. pylori negative by 
culture. For the immunohistochemical staining we used a mouse monoclonal 
antibody (MAb) ML30, recognizing the 65-kDa HSP of mycobacteria, a 
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homologous stress protein to the 58-64-kDa protein family encoded by the 
chromosomal groE1 gene of Escherichia coli [9]. This MAb, originally raised to 
M. leprae, reacts with the human homologue of groEl and shows a widespread 
staining of human tissues [5, 13]. Immunoperoxidase staining using ML30 
demonstrated positive staining of groEI in the epithelial cells in all H. pylori­
positive biopsy specimens (Fig. 1). Two different patterns of epithelial staining 

1 ____ _ 
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Fig. la-e. Immunoperoxidase staining of frozen sections of gastric biopsy specimens from a patient 
with gastritis (a, e, e) and a patient with normal antral mucosa (b, d) . Note presence of the groE1 
stress protein homologue in epithelial cells (a) and an increase of intraepithelial YID T cells (c) . 
H. Pylori are indicated by arrows (e) . In b there is no staining of the epithelial cells, and in d only 
single YID T cells are present. Staining was performed as previously described(10). In a, band e 
staining was with the ML30 antibody. In e and d staining was with a YID T cell-specific antibody. The 
sections are counterstained with Mayer hematoxylin 
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was observed: (a) intense staining of groEI located to the area of the Golgi 
apparatus (Fig. 1a); and (b) more widespread in the cytoplasm with a granular 
pattern. In the H. pylori-negative biopsy specimens staining with ML30 was 
never observed in the epithelial cells (Fig. 1b). H. pylori located in the gastric 
pits above the epithelial cells were also stained by ML30 (Fig. 1e) 

A MAb recognizing a determinant on the [) chain of the human y/[) T cell 
antigen receptor was used. In the patients with H. pylori-associated chronic 
gastritis we found an increase of y/[) T cells preferentially located within the 
epithelia rather than in the lamina propria; 10-200 cells per biopsy specimen 
determined in five fields with a magnification of 400 per biopsy specimen as 
compared with none to five cells per biopsy specimen in the H. pylori-negative 
patients (Fig. 1). 

Significance of HSP in H. pylori-Associated Chronic Gastritis 

The present study shows an increased number of intraepithelial y/[) T cells in 
H. pylori-positive gastric biopsy specimens' and groEI expressing epithelial cells 
in these specimens. Evidence for a correlation between HSP and a specific 
autoimmune disease has been most striking for 65-kDa HSP and rheumatoid 
arthritis. A working theory is shown in Fig. 2. This hypothesis is a follow up to 
previous theories where an association between the bacterial gut flora and joint 
diseases had been proposed [18]. It seems that T cells located in the joint are 
capable of recognizing the pathogenic bacteria from the intestine. Intraepithelial 
T cells are located on the barrier between the internal and external milieu in the 
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Fig. la, b. A working hypothesis for a correlation between HSP and rheumatoid arthritis (a) and for 
a correlation between HSP and H. pylori-associated chronic gastritis (b) (see text) 
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gut, thus a kind of frontier in the immune system. Following the challenge by 
pathogenic bacteria in the intestine, the T cells pass a "clonal expansion" and 
migrate to the joint. These activated T cells may find their way to the joint either 
by homing receptors or by recognizing autologous HSP expressed by synovial 
cells [13]. Cross-reactivity with autologous HSP in the joint may then cause 
destruction of the synovial cells. 

The idea that gastric intraepithelial y/(j T cells are directed against HSP­
synthesizing H. pylori and cross-react with autologous HSP in the epithelial 
cells 'is attractive. Especially since in vitro as well as in vivo studies describe 
intracellular uptake of H. pylori [1, 4]. Pathogenic mycobacteria live and 
reproduce inside macrophages, and it can be assumed that the stress imposed by 
the activated macrophages induces HSP synthesis in their intracellular parasites 
[15]. If H. pylori invades the gastric epithelial cells, they may induce HSP 
synthesis in these cells, which will then result in a strong primary immune 
response by intraepithelial y/(j T cells specialized to recognize this antigen. 
Whether H. pylori is stressed by the host, i.e., the environment in the stomach 
such as acid, or by the activated epithelial cells remains to be elucidated. 
Furthermore, entrance of H. pylori into the cytoplasm of epithelial cells may 
explain why the organism can avoid antimicrobial therapy. This may also 
explain recurrence of infection post treatment. 

Our findings support the hypothesis [11] that y/(j T cells may playa role in 
the primary host defense. Further studies are required to investigate whether 
these T cells in H. pylori-associated chronic gastritis are specialized to recognize 
stress proteins expressed both by the bacteria and by the gastric epithelial cells. 
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Local and Systemic Antibody Responses 
During Helicobacter pylori Infections 

A.R. Stacey, P.R. Hawtin, and D.G. Newell 

Introduction 

The majority of patients with a Helicobacter pylori infection mount a systemic 
antibody response which is easily detectable by serological assays such as the 
enzyme-linked immunosorbent assay (ELISA) [1]. Positive results in bacterial 
agglutination and complement fixation tests [2] suggest that these antibodies 
possess some anti-bacterial activity. However, the infection persists suggesting 
an underlying ineffectiveness in the ability of the systemic antibody response to 
eradicate the infection. 

There are several plausible explanations for this apparent ineffectiveness [3]. 
The possibility exists that no active immune response occurs at the site of 
infection, as a consequence of this the gastric mucosal surface could be an 
immunologically privileged site. This is not unlikely as little is known about the 
immunology of the stomach. However, the presence of the substantial infiltrate 
of immunocompetent cells in areas of H. pylori-associated gastritis would 
appear to negate this possibility. Although the antigenic specificity of the 
infiltrating T cells is, as yet, undetermined, local antibody responses have been 
detected [3]. However, in contrast to the systemic antibodies, the major class of 
antibodies produced by gastric mucosal biopsies and lymph node cell cultures is 
IgA, although some IgG antibodies of the IgG1, IgG2 and IgG4 subclasses are 
present. Previous preliminary studies have shown that these local antibodies are 
directed against a variety of protein fractions of H. pylori including the urease 
and the flagella-containing fractions. However, the molecular basis of the 
antigenic specificity of these local antibodies has not been investigated. Never­
theless, it seems much more likely that the organism has developed an array of 
mechanisms by which it is able to avoid or nullify the effects of a locally produced 
immune response [3]. 

In this study the antigenic specificity and bactericidal activity of antibodies 
against H. pylori produced close to, or at, the site of infection were investigated 
following the tissue culture of gastric mucosal biopsies and lymph node biopsies. 
Additionally, antibodies produced by lymph node cell suspensions following 
transformation by the Epstein-Barr virus were studied. 

The molecular specificity of the antibodies against H. pylori, in serum and 
gastric mucosal biopsy tissue culture supernatants, for H. pylori surface proteins 
was investigated by Western blotting techniques. Such antibodies gave complex 
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patterns of reactivity which were compared with respect to origin and isotype fox 
a group of five patients (Fig. 1). Positive bacterial culture and Gram stain were 
used as the criteria for H. pylori positivity in these patients. 

In general the gastric mucosal IgA antibodies (tracks d) gave patterns of 
reactivity which were reflected by the matching serum IgG antibodies. Although 
patient-to-patient variation was observed, several polypeptides were consistent­
ly immunoblotted, including the urease polypeptides of 28 kDa and 61 kDa, and 
the 56-kDa and 120-kDa polypeptides. The most frequent reaction was ob­
served with a 54-kDa polypeptide which has been identified as being flagella 
associated. However, in all cases the serum IgG antibodies demonstrated a 
broader spectrum of reactivity. This trend was also observed when the IgG 
antibodies from the serum and the gastric mucosal were compared. Moreover, 
serum IgA antibodies also reacted with a larger number of polypeptides than the 
gastric mucosal IgA antibodies. However, in two cases the gastric mucosal IgA 
antibodies reacted with some polypeptides more strongly than the serum IgA 
antibodies. 

One patient, who was negative for H. pylori by both culture and Gram stain, 
had no anti-H. pylori serum antibody response as detected by ELISA, although 
some weak staining was observed by Western blotting. No local antibody 
response was detected in this patient by either technique. 

The antibodies secreted by lymph node cells, transformed by Epstein-Barr 
virus in order to increase antibody production, reacted with a 54-kDa polypep­
tide present in a whole cell-sonicated antigen and also in 17/18 fast protein 

mwt 
(kDa) 

2 3 

abed abed abed 

4 5 

a be d abed 

Fig. 1. The patterns of antigenic reactivity for five patients, as detected by Western blotting, with 
serum IgG (track a) and IgA antibodies (track b) were compared with gastric mucosallgG (track c) 
and IgA antibodies (track d) 
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liquid chromatography fractions [3]. This polypeptide has now been identified 
as the flagellin of H. pylori. 

Bactericidal Activity of Antibodies Produced 
in the Local Anti-H. pylori Antibody Response 

Preliminary studies have been undertaken to establish the biological activity of 
the locally produced antibodies against H. pylori. To this end, the bactericidal 
activity of these antibodies was studied by incubating H. pylori with varying 
dilutions of mucosal biopsy tissue culture supernatants or matching serum 
samples for periods of up to 60 min. 

Incubation of H. pylori with a dilution of serum of 5% or more resulted in 
the killing of organism; however, there was no difference in the bactericidal 
activity of sera from patients who were positive or negative for H. pylori. 
Conversely, increasing concentrations of biopsy supernatant did not effect the 
survival of H. pylori after 30 min of incubation, irrespective of H. pylori status 
(Fig. 2). The addition of 2.5% normal human serum as a source of complement 
had no effect on H. pylori survival. 

Although bactericidal activity occurred following 60 min of incubation with 
a 20% concentration of biopsy supernatant containing 2.5% complement 
(Fig. 3), reduced H. pylori survival was noted with supernatants from patients 
who were positive or negative for H. pylori, suggesting that the effect reflected 
non-specific bactericidal activity of normal serum. 
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Fig. 2. The survival of H. pylori following incubation with increasing concentrations of gastric 
mucosal biopsy supernatants from H. pylori-positive (+) and -negative patients (-.-) was 
compared with the effect of incubation with matching H. Pylori-positive (- x -) and -negative sera 
(-0-). The surival of H. pylori in fresh tissue culture medium (*) was used as a control. The effect of 
complement was investigated by the addition of 2.5% human serum to antibody-positive (-.6.-) and 
antibody -negative (-<>-) biopsy supernatants 
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Fig. 3. The survival of H. Pylori during incubation with dilutions of antibody-positive ( + ) and 
antibody-negative (-.-) biopsy supernatants. Normal human serum (2.5%) was also added to the 
positive (- x -) and negative (-D-) biopsy supernatants. The survival of the organism during 
incubation with fresh tissue culture medium (*) was used as a control 

Conclusions 

This study has further demonstrated the specificity of the serum anti-H. pylori 
antibody response for H. pylori antigens separated by sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE). These results con­
firm previous studies using ELISA of fractionated antigens [3] that the patterns 
of antigenic reactivity demonstrated by the serum antibodies are mirrored by the 
antibodies produced at, or close to, the site of infection. Notably antibodies from 
both sources react with the major H. pylori surface antigens including urease 
and the flagella. In general, Western blotting demonstrated that the serum IgG 
and IgA antibodies had a broader specificity than those antibodies of the same 
isotypes produced by the gastric mucosal biopsies. This may be due, at least in 
part, to the production of low concentrations of antibodies, of all specificities, at 
the gastric mucosal surface which is reflected in the biopsy culture supernatants. 
However, following amplification of the mucosal antibody response in second­
ary lymphoid tissue, such as the spleen and lymph nodes, increased levels of all of 
these antibodies in the serum could give an apparently wider pattern of 
reactivity. 

The presence of the specific antibody response at the gastric mucosa strongly 
suggests that the ineffectiveness of the immune response during H. pylori 
infections is not due to immunoprivilege of, or immuno-incompetence at, the site 
of infection. Nevertheless, very little is known about the biological activity of 
these antibodies. 

Although in vitro H. pylori was susceptible to the complement-mediated 
killing of normal and human immune serum, we have been unable to demon-
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strate any bactericidal activity, specific or otherwise, with the antibodies produ­
ced in the local immune response. This may be due to the fact that the majority 
of the antibodies present were of the IgA class, which is known to be an 
inefficient activator of complement. The primary immunological role of this 
class of antibody is to prevent the adherence of pathogens to mucosal surfaces. 
The ability of these antibodies to prevent the adherence of H. pylori to the 
gastric epithelium needs to be investigated. 
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Local Immunoglobulin A Subclass Alteration 
in the Gastric Mucosa of Helicobacter pylori-Infected 
Patients 

M.M.C. van der Est!, R.A. VeenendaaP, A.S. Pena2, I. Kuiper!, 
and C.B.H.W. Lamers l 

Introduction 

The serum antibody response in patients with Helicobacter pylori-associated 
antral gastritis consists mainly of the immunoglobulin G (IgG) and IgA 
immunoglobulin classes [1,2]. IgA represents 15%-20% of the human serum 
immunoglobulin pool. It is the predominant immunoglobulin in the mucosa of 
the gastrointestinal tract where it prevents the attachment of microorganisms to 
the epithelial surface [3]. Another characteristic of IgA immunoglobulins is their 
inability to activate the classical complement system. This is probably a natural 
system to prevent local tissue damage which could be caused by a phlogistic IgG 
or IgE responses. The IgA response probably avoids a T cell-mediated hyper­
sensitivity against non-pathogenic antigens [4]. 

Studies ofIgA subclasses in various secretions and in sera have shown that in 
serum approximately 90% is of the IgAl subclass. In secretions only 40%-50% 
ofIgA is of the IgA 1 subclass, whereas 60%-50% is of the IgA2 subclass [5, 6]. 
One reason for this difference in the systemic and local IgA subclass immune 
response can be found in the structure of the IgAl and IgA2 immunoglobulins. 
IgA2 is relatively resistant to proteolytic enzymes produced by several micro­
organisms whereas IgAl is not [7, 8]. 

We have found that the systemic human specific IgA response against 
H. pylori consists mainly of the IgAl subclass [9]. In this study we amplify these 
results by investigating the specific local IgA subclasses against H. pylori in the 
gastric mucosa. IgAl and IgA2 immunoglobulins in biopsy specimens and sera 
were assayed using specific monoclonal antibodies to these immunoglobulin 
subclasses with a modified enzyme-linked immunosorbent assay (ELISA) tech­
nique. Additionally the total IgA subclass in biopsy specimens was assayed by 
an ELISA technique. 

Patients and Materials 

Twelve patients were studied. All patients were referred for upper gastrointesti­
nal endoscopy because of the presence of symptoms compatible with non-ulcer 
dyspepsia. Antral biopsy specimens were taken during endoscopy for culture, 
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histology, and measurement of the local antibody response. Serum of each 
patient was obtained for the determination of specific anti-H. pylori antibodies 
on the day of the endoscopy. All patients had a H. pylori infection demonstrated 
by culture and/or histology. Three of the 12 patients had a H. pylori infection 
according to the criteria above without a significant systemic IgA antibody 
response to these bacteria. 

Biopsy specimens taken during endoscopy for serological tests were weighed 
and homogenized in 300 pI phosphate-buffered saline containing 0.005% 
Tween 20 (PSBT). Finally, the homogenates were diluted with PBST to a 
concentration of 1 mg/IOO pI before they were sonicated. The protein concen­
tration of the biopsy specimens was quantitated by the method of Lowry et 
al. [10]. 

ELISA for Specific Local and Systemic IgA Antibodies Against H. pylori 

An antigen suspension was obtained by sonicating a pool of six H. pylori strains 
for 6 min on a Branson sonifier (Stage 4, 30000 cycles per second). The ELISA 
technique for IgA has been previously described [11]. Briefly, each well of a f1at­
bottomed polystyrene microtiter plate (Oynatech Laboratories, UK; M129A) 
was coated with 100 pI antigen solution (1.0 pg/IOO pI carbonate buffer pH 9.6) 
overnight at 20°C. The plates were washed with PBST, whereafter sera diluted 
1 :200 in PBST, or biopsy specimen homogenates diluted 1: 100 in PBST were 
added to each well. After incubation and washing, goat IgG antihuman-IgA 
peroxidase (GiXHIgA/PO; Pasteur Institutes, Paris, France; code No. 75041 
diluted 1: 2500 in PBST), specific for the heavy chain of the human IgA, was 
added to each well. The plates were then incubated, washed, and 100 pI 
substrate (2,2-azinobis-3-ethylbenzthiazoline sulfonic acid, ABTS; Sigma A-
1888 containing 0.005% H 2 0 2 ) for serum; o-phenylenediamine (OPO) for 
biopsy specimens) was added with a multichannel pipet. The incubation time 
was 30 min for each well, the reaction being stopped with 50 pI 0.01 % NaN 3 in 
0.1 M citric acid. The optical density (00) was read at 405 nm on the Titertek 
Multiscan (Flow Laboratories, Irvine, Scotland, UK) plate reader. 

ELISA for Local and Systemic Specific IgA 1 and IgA2 Subclasses 
Against H. pylori 

The previously described ELISA technique was modified to be able to measure 
the low IgA subclass content expected in sera and biopsy specimens. This 
ELISA was made more sensitive than the technique described above by using 
monoclonal antibodies against the subclasses and by changing the colored 
substrate for the serum ELISA from ABTS to OPD. The optimal 00 for this 
substrate is read at 492 nm. The ODs of the blanks and the control reference 
sera were used to correct the absorbance. 

The ELISA plates for the IgA1 and IgA2 assays were coated as previously 
described [11]. The plates were incubated with sera diluted 1: 20 or biopsy 
specimen homogenates diluted 1 :20 in PBST for 1.5 h at 20°C and washed 
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three times with PBST. Next, the plates were incubated with 100 III mouse 
antihuman IgA1, IgA2 monoclonal antibodies (MIXHIgA1/MIXHIgA2), respect­
ively (Nordic, Tilburg, The Netherlands; code no. 3498 and 3460 diluted 1: 2500 
and 1: 1500, respectively) for 1.5 h at 20°C and washed three times with PBST. 
As a conjugate 100 III diluted sheep antimouse IgG (whole molecule) peroxidase 
(SIXMIgG/PO) was added (Sigma, St. Louis, MO 63178, USA; code no. A-6782 
diluted 1: 5000). After incubation for 1.5 h at 20°C and washing, 100 III sub­
strate (0.40 mg/ml OPD; Sigma, St. Louis, MO 63178, USA; code no. P-1526; 
containing 0.4 III 30% H 2 0 2) was added. Care was taken to make sure that the 
reaction time was the same for all the wells. After 30 min the reaction was 
stopped by adding 50 III 2.5 M H 2 S0 4 to each well. On a Titertek Multiscan 
the OD was read at 492 nm. 

ELISA for Total Local and Systemic IgA, IgAI, and IgA2 

The ELISA technique for measuring total IgA, IgA1, and IgA2 in sera and 
biopsy specimens differed from the ELISA technique for specific IgA, IgA1, and 
IgA2 against H. pylori described above in the antigen suspension used. The 
plates to measure the total IgA, IgA1, and IgA2 antibody response were coated 
with an antigen suspension consisting of 400 ng/ml rabbit immunoglobulins to 
human IgA (IX-chains; Dakopatts A 262). 

Results 

In the ELISAs for biopsy specimen homogenates, the OD value of each biopsy 
specimen homogenate was corrected for the protein concentration of the 
homogenate. The protein concentration was set at 10%. The range of the OD 
values of the ELISAs for specific local IgA against H. pylori was between 0.58 
and 3.01. The range of OD values of the IgA1-specific local anti-H. pylori 
ELISA was between 0.15 and 1.35, whereas for IgA2 this range was 0.00-0.23. In 
Fig. 1 the distribution of local specific IgA subclass responses to H. pylori are 
shown. This figure shows the percentage contribution of the IgA subclasses to 
the total IgA OD value. Therefore the sum of the OD values of both the IgA1 
and IgA2 ELISAs was set at 100%. Next, according to this percentage distribu­
tion, the contribution of the IgA subclasses to the OD value of the specific IgA 
ELISA was determined. The low IgA2 values indicated a low IgA2 local 
response against H. pylori. 

-Total IgAI and IgA2 in Gastric Antral Mucosa 

The OD values of the ELISAs for the IgA1 and IgA2 content in the homoge­
nates were in a range of 1.05-2.33 and 0.15-0.80, respectively. Table 1 shows the 
relative distribution of specific anti-H. pylori and total IgA1 and IgA2 subclass 
antibodies in biopsy specimens expressed as percentages of either specific anti­
H. pylori or total IgA subclass antibody response of each patient. 
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Fig.!. Distribution of local specific IgA subclass responses to H. pylori in biopsy specimens 
expressed as OD values. The sum of the OD values of both the local IgAI and IgA2 ELiSAs was set 
at 100%. Next, according to this percentage distribution, the contribution of the IgA subclasses to 
the OD value of the specific IgA ELISA was determined. Hatched columns, IgA; open columns, IgAI; 
solid columns, IgA2 

Table 1. Relative distribution of specific anti-H.pylori and total IgAI and IgA2 subclass 
antibodies in biopsy specimens expressed as percentages. For both ELiSAs (total IgA 
subclasses and specific anti-H. pylori IgA subclasses) the sum of the IgAI and IgA2 OD 
values of each patient was set at 100% 

Patient anti-H.pylori anti-H.pylori Total local Total local 
number local IgAI local IgA2 IgAI IgA2 

% % % % 

1 100 0 89.66 10.34 
2 97.12 2.88 80.84 19.16 
3 96.23 3.77 81.71 18.29 
4 97.22 2.78 84 16 
5 94.87 5.13 84.92 15.08 
6 100 0 81.88 18.12 
7 78.90 21.10 74.44 25.56 
8 89.32 10.68 78.53 21.47 
9 94.59 5.41 85.54 14.46 

10 81.48 18.52 81.53 18.47 
11 95.08 4.92 83.05 16.95 
12 93.18 6.82 83.59 16.41 

Total IgAl and IgA2 in the Serum 

The OD values of the ELISA technique for systemic specific IgA antibodies to 
H. pylori were around 0.50 (range: 0.26-1.17). The ELISA OD values for the 
systemic specific anti-H. pylori IgAl subclasses ranged from 0.36 to 1.00. 
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Specific IgA2 antibodies against H. pylori could hardly be detected in the 
sera, with OD values lower than 0.05. In Fig. 2 the distribution of these systemic 
specific IgA subclass responses to H. pylori are shown. The calculation has been 
done as described above for the local IgA subclass. 

Next, we examined the systemic total IgA subclass distribution. The OD 
values of the total IgAI and IgA2 ELISAs were close to 1.30 (range: 1.23-1.37) 
and 0.10 (range: 0.03-0.24), respectively. Table 2 shows the relative distribution 
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Fig. 2. Distribution of systemic specific IgA subclass responses to H. pylori expressed as OD values. 
The sum of the OD values of both the systemic IgA1 and 19A2 ELISAs was set at 100%. Next, 
according to this percentage distribution, the contribution of the IgA subclasses to the OD value of 
the specific IgA ELISA was determined. Hatched columns, IgA; open columns, IgA1; solid columns, 
IgA2 

Table 2. Relative distribution of the systemic specific anti- H.pylori and total IgA1 and 
IgA2 subclass antibodies expressed as percentages. For both ELISAs (total IgA sub-
classes and specific anti- H.pylori IgA subclasses) the sum of the IgA1 and IgA2 OD 
values of each patient was set at 100% 

Patient Anti-H.pylori Anti-H.pylori Total serum Total 
number serum IgA1 serum IgA2 IgA1 serum IgA2 

(%) (%) (%) (%) 

1 100 0 94.62 5.38 
2 100 0 93.57 6.43 
3 98.33 1.67 94.93 5.07 
4 97.67 2.33 84.21 15.79 
5 96.01 3.39 89.21 10.79 
6 100 0 91.55 8.45 
7 98.53 1.47 97.74 2.26 
8 100 0 94.20 5.80 
9 100 0 89.80 10.20 

10 95.24 4.76 87.82 12.18 
11 99 0 86.09 13.91 
12 100 0 90.71 9.29 



Local IgA Subclass Alteration in the Gastric Mucosa of H. pylori Infected Patients 175 

of specific anti-H. pylori and total IgAl and IgA2 subclass antibodies in sera 
expressed as percentages of either specific anti-H. pylori or total IgA subclass 
antibody response of each patient. 

Discussion 

We have previously shown [9] that the systemic specific IgA antibody response 
against H. pylori consists mainly of the IgAl subclass. This distribution of IgA 
subclass corresponds to other studies in serum were it has been found [5, 6] that 
the systemic IgA subclass response consists mainly of the IgAl subclass, IgAl 
represents only 40%-50% of the IgA response in secretions. Therefore we 
expected that the specific anti-H. pylori IgA subclass distribution in the gastric 
mucosa would involve the IgA2 subcla;;s to a greater extent than in the serum. 
As shown in the results, the local specific IgA response to these bacteria is also of 
the IgAl subclass. This finding supports the pathogenetic role H. pylori plays in 
producing inflammation in the gastric mucosa. It appears that, when inflamma­
tion occurs, signals are given to the bone marrow to stimulate the production of 
IgAl. It is possible that this response is the normal gastrointestinal response to 
inflammation since similar local IgA subclass alterations have been observed in 
ulcerative colitis and Crohn's disease of the colon both by paired immunofluore­
scence staining in colonic specimens [12] and spontaneous secretion of IgA by 
intestinal mononuclear cells isolated from both diseases [13]. Studies to deter­
mine the specific local IgG subclass in H. pylori-infected patients are indicated. 

In summary, the specific IgA response in serum and at the level of the gastric 
mucosa against H. pylori is mainly of the IgAl subclass. 
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Antibodies Against Helicobacter pylori 
as an Indicator of Antrum Gastritis 

S.-G. Xu 1, R.B. Zotzl, G. von Recklinghausen 2, K. Donhuijsen 3, 

and H. Goebell 1 

Introduction 

The Gram-negative spiral bacterium Helicobacter pylori (HP) is found in the 
human stomach and duodenum. It is highly associated with type B antral 
gastritis and with peptic ulcer disease. HP has been detected in 64%-95% of 
patients with active chronic gastritis and in 75%-100% of patients with 
duodenal ulcer disease [1-5]. An etiologic role ofHP in the pathogenesis oftype 
B gastritis is indicated by human volunteer studies, animal models, and 
therapeutic trials with antimicrobial agents [1]. The detection of specific IgG 
antibodies against HP has been shown to be a valuable method for the diagnosis 
of HP infection and associated diseases [6-9]. We determined the efficacy of 
immunoglobulin G (IgG) antibodies against HP, detected by the enzyme-linked 
immunosorbent assay (ELISA), as an indicator for histologically proven antrum 
gastritis and antral HP colonization. 

Patients and Methods 

A total of 154 patients (96 men, 58 women; aged 17-77, mean age 50.4 years) 
attending the endoscopy unit of the Medical Clinic of Essen University Hospital 
were randomly examined. At least one antrum biopsy was taken for histology, 
HP culture plus Gram-stained smear, and for urease testing (BUT). Antrum 
gastritis was evaluated by the presence of inflammatory cells (polymorphonu­
clear leukocytes, lymphocytes, plasma cells) infiltrating the antral mucosa 
(hematoxylin and eosin stain). For the HP culture the biopsy was rolled on two 
nonselective and two selective agar media followed by microaerophilic 
incubation for 2-7 days [10]. Isolates were identified as HP by positive urease, 
catalase, and oxidase reactions. A Gram-stained smear was made from the same 
biopsy. Biopsy urease was tested with 1 ml unbuffered 1 % w/v urea solution, 
pH 4.5, with phenol red as the indicator. Color change was monitored after 20 
min, 3 h, and 24 h, respectively. In all patients serum was tested for IgG 
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antibodies by an ELISA as described elsewhere [9]. In brief, microtiter plates 
were coated with an acid-glycine-extracted antigen of HP ATCC 43504 [11]. 
Patient sera were diluted 1: 500 with phosphate-buffered saline (PBS) and 
incubated for 90 min at 37°C. The specific binding of IgG antibodies was 
visualized using affinity-purified anti-human-IgG peroxidase conjugate from the 
gout (Kierkegaard and Perry, Asbach, FRG), dilution 1 :40000, and 2,2-
azinobis-3-ethylbenzthiazoline sulfonate (ABTS) as the substrate. Optical den­
sity (OD) was measured at 405 nm after a 30-min substrate incubation at room 
temperature. Sera were evaluated as positive if OD exceeded more than one 
third of a positive calibrator serum, e.g., cut off at OD 0.400 with positive 
control at OD 1.200. 

Results 

In 154 patients HP status and presence of gastritis were determined. A total of 
118 patients (77%) showed histologic signs of gastritis, in 108 patients (70%) 
IgG antibodies against HP were detected, and HP was cultured from 88 (57%) 
patients. The results of the different methods of HP detection in relation to 
antral inflammation are shown in Table 1. 

In 136 patients (88%) the presence or absence of antral inflammation was 
predicted correctly by the IgG antibody test. With respect to antrum gastritis, 
the test has a positive predictive value (PPV) of 96%. The negative predictive 
value (NPV) is 70%, because in 14 of 46 IgG negative patients gastric antral 
inflammation was present (Table 2). 

Eight patients with a negative IgG test result and without detectable HP 
colonization had histologic signs of gastritis. In three of these patients, inflam­
matory bowel disease was the underlying condition (two with Crohn's disease, 

Table 1. Antrum gastritis, IgG antibodies against HP, and biopsy detection of HP in 154 patients 

Inflammatory cells in antrum biopsy 

Present Absent Total 
(n) (%) (n) (%) (n) (%) 

Total 118 77 36 23 154 100 
IgG antibody + ve 104 68 4 3 108 70 
ELISA -ve 14 9 32 21 46 30 
Culture + ve 86 56 2 1 88 57 

-ve 25 16 34 22 59 38 
ND* 7 5 0 7 5 

Gram +ve 65 42 4 3 69 45 
stain -ve 47 31 32 21 79 51 

ND* 6 4 0 6 4 
Biopsy +ve 95 62 3 2 98 64 
urease -ve 22 14 32 21 54 35 
test ND* 1 0.5 1 0.5 2 1 

+ ve, positive; - ve, negative; ND, not done 
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Table 2. Performance criteria of the HP IgG antibody test to detect antrum 
gastritis-and HP colonization (culture, Gram stain and/or biopsy urease test) 

Sensitivity 
Specificity 
Positive predictive value 
Negative predictive value 
Efficiency 

Antrum gastritis 
(%) (n) 

88 
89 
96 
70 
88 

104/118 
32/36 
104/108 
32/46 
136/154 

HP colonization 
(%) (n) 

93 
84 
94 
83 
90 

101/109 
38/45 
101/108 
38/46 
139/154 
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one with colitis ulcerosa), one had a leiomyoma of the stomach, and one had 
non-Hodgkin's lymphoma with stomach involvement. In three patients the 
cause of antral inflammation remained unknown. 

With respect to HP colonization (Le., culture, Gram stain, BUT, at least one 
test positive), the IgG antibody test performs with an efficiency of 90%, a PPV 
of 94%, and a NPV of 83% (Table 2). 

Discussion 

A high correlation between nonspecific active chronic gastritis and HP coloni­
zation of the inflamed gastric mucosa has been demonstrated in previous studies 
(for a review see Blaser [1] ). In the collective presented here, again 73% of 
patients with antral gastritis (86/118) were infected with HP as shown by 
cultural detection. However, the sensitivity of the HP culture and other biopsy­
based detection methods is limited because of the patchy distribution and 
variable cell count of HP on the mucosal surface [12]. Therefore indirect 
detection of HP infection by measuring the systemic immune response induced 
by HP may be more reliable and efficient than biopsy detection [1]. 

An antibody detection method based on a partially purified antigen like the 
acid-glycine extract used in our study provides a high correlation with biopsy­
proven HP infection. The value of our test system to predict HP colonization as 
detected from antral biopsy is over 90%, which is confirmed by other authors [7, 
13]. Therefore a high correlation between HP antibody detection and gastritis 
can be assumed. Our data show that the presence or absence of antrum gastritis 
is correctly predicted in 136 of 154 patients (88%). In fact, only four of 108 
patients with positive IgG antibody test results had no inflammation cells in the 
antral biopsy specimen evaluated parallel. Thus, in the present study the value of 
a positive IgG antibody test to predict antral gastritis is over 95%. 

In contrast, the value of a negative test result to predict the absence of antral 
inflammation is markedly reduced. The NPV of the serotest depends on the 
proportion of patients with gastritis of another etiology. In our study, in five of 
eight IgG antibody-negative and biopsy test-negative patients with gastric 
antral inflammation the underlying causes for gastritis could be identified as 
inflammatory bowel disease and tumor. In three gastritis patients the etiology 
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remained unclear. If these patients with gastritis etiology other than HP are 
excluded, the NPV rises to 84%. 

The data indicate that the IgG antibody test can undoubtedly act as a tool 
for the prediction of HP-associated gastritis. It is much easier to perform and 
less stressful to the patient than invasive diagnostic methods. However, as stated 
before [14], a clear management plan for the patient with a positive or negative 
test result is required. 
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Antibodies to Vacuolating Toxin 
of Helicobacter pylori in Dyspeptic Patients 

N. Figura 1, M. Bugnoli 2, P. GuglielmettP, R.A. Musmanno 3 , 

M. Russi3, S. Quaranta\ A. Barberi1 A. RossolinP, and P.F. Bayeli5 

Introduction 

Certain Helicobacter pylori (HP) strains are capable of inducing a cytopathic 
effect in mammalian cells in vitro consisting in the formation of intracytoplasmic 
vacuoles [1, 2]. In vitro cells exposed to broth culture filtrate (BCF) of 
vacuolating HP (VHP) strains die more rapidly than do cells exposed to BCF of 
non-VHP ones and to uninoculated broth. In addition, VHP causes a strong 
reduction of the proliferation index of Epstein-Bass Virus (EBV) -transformed B 
lymphocytes [2]. 

The substance or the substances responsible for the vacuolating phenom­
enon is/are thought to be proteinaceous in nature as they are heat labile, 
ammonium sulfate precipitable, and protease sensitive [1]. Concentrated BCF 
(CBCF) ofVHP strains contains some proteins which are not present [2] or are 
present less frequently [3] in nonvacuolating CBCF. One of these proteins is 
approximately 130 kDa (128 kDa according to Cover et al. [3] ), shared by all 
cytotoxic strains tested, and reacts with nearly 100% of serum samples from 
dyspeptic patients infected by cytotoxic HP strains [2]. Thus this protein can be 
considered as a vacuolating activity marker. 

In a study of ours, HP strains isolated from patients with peptic ulcers, 
especially with duodenal ulcers, produced vacuolating toxin more frequently 
than did isolates from patients without ulcers (66.6% of strains, versus 30.1 % of 
strains [4, 5] ). Thus cytotoxigenicity could contribute to the development of 
peptic ulceration. 

The aims of this study were to determine the prevalence of serum antibodies 
to 128-kDa vacuolating activity-associated protein (VP) in 116 dyspeptic 
patients (DP) who underwent diagnostic endoscopy and in 40 children without 
gastric symptoms to see whether there were prevalence/sex and prevalence/age 
correlations, and to verify whether DP infected by HP and with anti-VP 
antibodies had more serious endoscopic and histological features and more 
intense dyspepsia symptoms than did infected DP without anti-VP antibodies. 
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Materials and Methods 

Vacuolating H. pylori strain G-32 was cultured in brucella broth (Difco, DID, 
Milan) containing 5% fetal calf serum, 1 % Vitox (Oxoid Italiana S.p.A., Milan), 
1Omg/l vancomycin, 1Omg/l trimethoprim, 5000 V/1 polymyxin B, and 5mg/1 
amphotericin B. 

The broth culture was incubated in a microaerobic environment at 37°C at 
150 oscillations per minute for 72 h. The culture was centrifuged at 4°C and 
filtered through a 0.22-Jlm-pore filter. Proteins were precipitated with 50% 
saturated ammonium sulfate at 4°C for 24h, then were suspended with the 
minimal amount of PBS pH 7.4 at which no precipitate was observed. CBCF 
was then dialyzed with cellulose tubing which retained proteins with a molec­
ular weight greater than 12000 versus PBS pH 7.4 for 48 h and stored at 
- 70°C. CBCF contained 4.4mg protein per milliliter (versus 0.07mg protein 

per milliliter of unconcentrated broth culture) and induced vacuolization of 
~ 50% intestine 407 cells in vitro up to 1: 160 dilution. 

CBCF proteins were subjected to electrophoresis in sodium dodecylsulfate 
polyacrylamide gel by using 3.5% stacking gel and 6% separation gel (each gel 
line contained 15 Jlg proteins) and transferred to nitrocellulose. Protein-free sites 
were satured with 50mM Tris-HCI pH 7.4 supplemented with 0.15M sodium 
chloride, 3% defatted milk and 0.1 % triton-X 100 (TMT) at room temperature 
for 30 min. Sheets were then dipped in serum samples diluted 1: 100 in TMT and 
incubated on a shaker at room temperature overnight. After washing with TMT, 
antigen-coated sheets were shaken at room temperature for 90 min with alkaline 
phosphatase-labeled anti-human immunoglobulin G (IgG; Cappel, Cooper 
Biomedical, Malvern, PA, VSA) diluted 1 :2500 in TMT. Strips were then 
washed in Tris-saline-triton, and rinsed in Tris-saline; the reaction was deter­
mined with Alkaline Phosphatase Conjugate Substrate Kit (Bio-Rad, Rich­
mond, CA, VSA). 

We examined serum samples from 20 children aged 2-5 years, from 20 
children aged 6-10 years without gastric symptoms, and from 116 adult DP who 
underwent diagnostic gastroduodenal endoscopy and who were not receiving 
treatment with drugs potentially active against HP. Children were not examined 
endoscopically. Five biopsies, taken from the gastric antrum and/or the edge of 
ulcers, were obtained from each DP. One biopsy was examined histologically 
with a hematoxylin and eosin stain. The severity of gastritis was assessed by the 
degree of round and polymorphonuclear cell infiltrates and the presence of 
erosions. The other biopsies were cultured on Columbia agar with 7% horse 
blood, 5 mg/1 amphotericin B, and the Skirrow mixture of antibiotics, smeared 
for microscopic examination after staining with Gram stain and acridine orange, 
and tested for rapid urease activity. 

Suspected colonies were identified as HP as previously reported [5]. 
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Results and Discussion 

One of the 20 asymptomatic children (5%) aged 2- 5 years and three of the 20 
children (15%) aged 6- 10 years had IgG antibodies to VP. These four children 
also had antibodies to a glycine extract of HP detected by an enzyme-linked 
immunosorbent assay. Out of 116 adult patients with dyspepsia, 89 (76.7%) had 
antibodies to VP (Fig. I). No prevalence/sex and prevalence/age correlations 
were found: 55 out of71 male (77.4%) and 34 of 45 female patients (75.5%) had 
antibodies to VP; 12 patients out of 19 (63.1 %) under 40 had antibodies versus 
77 patients out of 97 (79.3%) ~ 40 (the most marked difference in prevalence of 
antibodies to VP according to age was in these two groups of patients). Out of 
89 patients with and 27 patients without antibodies to VP, 75 (84.2%) and ten 
(37.1 %), respectively were infected by HP on the basis of culture, microscopic 
examination, and rapid urease activity of gastric biopsies. A significantly higher 
prevalence of endoscopic diagnosis of duodenal (15 patients) or combined ulcers 
(two patients) was found in patients with antibodies to VP (Table 1). The 
prevalence of the other endoscopic diagnoses did not differ significantly in the 
two groups of patients. The possession of antibodies to the toxin was not 
associated with the severity of histological gastritis (Table 2) and was not 
associated with the prevalence of the major symptoms of dyspepsia in the same 
75 infected patients (Table 3). 

Vacuolization is an in vitro cellular response to noxious substances and a 
noxious environment. If we add urea, for instance 10 mM, to a cellular medium 
or if we grow a strain in the presence of urea, even noncytotoxic strains can 
induce vacuoles. However, cells in culture exposed to BCF and supernatants of 
HP whole cell suspensions show an evident vacuolization only at levels of urea 
exceeding by far those contained in media for cells [6]. We added fetal calf 

Fig. 1. Immunoblots of vacuolating CBCF with five 
serum samples. Patient A was infected by nonvacuola­
ting HP; patient B was not infected; patients C, D, and E 
were infected by vacuolating HP strains (numbers rep­
resent standard molecular masses in kilodaltons) 
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Table l. Endoscopic diagnosis in 89 patients with antibodies and 27 patients without antibodies to 
vacuolating cytotoxin-associated proteins 

Endoscopic diagnosis Patients with antibodies Patients without antibodies 
(n) (%) (n) (%) 

Gastric ulcer 
Duodenal or combined ulcer 
Stoma ulcer 
Erosive gastritis 
Absence of lesions 
Total 

* p < 0.05 (chi-square test, 1 df) 

9 
17 
o 

18 
45 
89 

10.1 
19.1 * 
o 

20.2 
50.5 

100 

3 
o 
1 
6 

17 
27 

11.3 
0* 
3.7 

22.2 
62.9 

100 

Table 2. Histological diagnosis in 75 HP-infected patients with antibodies and ten infected 
patients without antibodies to vacuolating cytotoxin-associated proteins 

Degree of gastritis Patients with antibodies Patients without antibodies 
(n) (%) (n) (%) 

Mild 4 5.3 2 20 
Moderate 17 22.6 3 30 
Severe 24 32.0 2 20 
Erosive 29 38.6 3 30 
Atrophic 1 1.3 0 0 

Table 3. Dyspepsia symptoms in 75 HP-infected patients with antibodies and ten infected 
patients without antibodies to cytotoxin-associated proteins 

Symptom 

Pain 
Heartburn 
Nausea 
Vomiting 

With antibodies 
(n) (%) 

48 
34 
16 
16 

64.0 
45.3 
21.3 
21.3 

Patients 

Without antibodies 
(n) (%) 

8 
5 
4 
5 

80 
50 
40 
50 

serum (which contains 6 mM urea [6] at 5% concentration both to brucella 
broth and to a medium for cells cultured in vitro. At 0.3 mM final concentration 
of urea, no vacuolating effect could be seen with ultrasonicates and supernatants 
of cytotoxic HP suspensions (personal observation), and with BCF which did 
not contain cytotoxin-associated proteins (approximately 130, 95, and 80 kDa 
[2], Besides HP, other ureolytic bacteria, such as Proteus vulgaris, can cause 
vacuolization in the presence of urea (personal observation). In all these cases it 
is the urease enzyme which is involved in the vacuolating effect. The vacuoliz­
ation can, in fact, be induced by ammonium even at low concentrations (we 
observed vacuoles from 10 mM ammonium on). However, also nonureolytic 
bacteria such as Vibrio cholerae and Escherichia coli can induce vacuolization in 
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intestine 407 cells (personal observation). Thus there are other substances 
different from urease which can cause vacuole formation. 

As far as HP strains are concerned, (a) there is a very close association 
between the ability to induce vacuoles (without the addition of urea to cellular 
medium) and the presence of an approximately 130-kDa protein in CBCF [2]; 
(b) this protein is absent in noncytotoxic BCF [2]; (c) levels of urease in 
cytotoxic and noncytotoxic BCF are similar (personal observation); (d) glycine 
extract, which mostly contains urease subunits, of one cytotoxic strain does not 
cause vacuolization (personal observation); (e) the addition of urea to cellular 
culture medium does not increase the level of toxicity of a cytotoxic HP BCF; (f) 
a urease-deficient strain of HP was derived by chemical mutagenesis from a 
urease-producing cytotoxin organism, both strains showed vacuolating activity 
at the same titer [7]. 

For all these reasons, we think that HP strains whose BCF cause vacuoliz­
ation without adding urea to the cell medium differ from those which do not 
cause vacuolization under the same conditions due to the production of a 
substance which is also produced in vivo (since it stimulates antibody response) 
and which has many of the toxins' characteristics. 

The fact that only the four children infected by HP also had antibodies to VP 
could indicate that VHP strains circulate more intensely than the nonvacuola­
ting ones or that they are more virulent. This hypothesis could be verified by 
testing a higher number of serum samples from children. Histological degrees of 
gastritis and the frequency of dyspepsia symptoms do not seem related to the 
possession of antibodies to VP or to the frequency of infection with vacuolating 
HP strains. 

In conclusion, the finding that all patients with duodenal ulcer, besides being 
infected by HP had antibodies to VP suggests that the production of the toxin 
by HP strains could contribute to the development of duodenal ulcerative 
lesions. Duodenal ulceration should be suspected in patients with serum 
antibodies to the toxin. 
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Cytokines and Mucosal Immune Responses 
to Helicobacter pylori 

J.E. Crabtree 1 , T.M. Shallcross 1 , R.Y. Heatley 1, and J.1. Wyatt 2 

Cytokines are well recognised as being important regulators of inflammatory 
responses [1]. They are synthesised by several different cell types, and individual 
cytokines have multiple overlapping regulatory immune functions [lJ as well as 
affecting physiological responses [2]. Cytokines are generally short acting and 
produced locally. The role of cytokines in regulating human intestinal mucosal 
responses has not been studied in detail, and the cytokine responses of the 
gastrointestinal mucosa to bacterial colonisation are unclear. Recent studies in 
animal models suggest that cytokine production at mucosal sites in response to 
bacterial or endotoxin administration is distinct from systemic events [3,4]. A 
knowledge of cytokine production at mucosal sites is therefore important to our 
understanding of host-bacterial interactions and the immunopathology of 
chronic infections at mucosal surfaces. 

It is now well established that the colonisation of the human gastric mucosa 
with Helicobacter pylori results in long-term chronic inflammation which 
resolves following successful clearance of the bacteria [5]. The lipopolysacchar­
ide (LPS) of Gram-negative bacteria is a potent stimulator of tumour necrosis 
factor alpha (TNF-iX) [6]. Considerable heterogeneity in H. pylori LPS profiles 
has been demonstrated [7]. Recent studies have shown that interleukin-6 (IL-6) 
is also produced in response to LPS stimulation, human serum levels being 
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Fig. 1. Concentration (mean + S.D.) ofTNF­
ex and IL-6 in 24-h culture supernatants of 
antral mucosa of patients with normal histo­
logy (solid columns) and H. pylori-associated 
gastritis. Hatched columns, active gastritis; 
dotted columns, inactive gastritis; *p < 0.05; 
**p < 0.001 from normal; + p < 0.03 from 
active gastritis 
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raised following endotoxin [8J or TNF-O( exposure [9J. Our recent observations 
have demonstrated that TNF-O( [10J and IL-6 (Fig. 1) are produced locally by 
H. pylori-positive antral mucosal biopsies during short-term in vitro culture. 
Furthermore, TNF -0( but not IL-6 secretion profile varied with the activity of 
the gastritis (Fig. 1), suggesting that in vivo these two cytokines could be 
important in host-bacterial interactions within the mucosa. In this review, we 
consider the possible origin of these cytokines and their potential involvement in 
inducing the mucosal changes observed in chronic gastritis. 

Origin of Mucosal Cytokines 

Macrophages are considered to be the major source of TNF-O( [IIJ, and the 
local production of TNF -0( in H. pylori-positive patients with active gastritis is 
therefore evidence of mucosal macrophage activation. T cells, however, can also 
synthesise and secrete TNF-O( [12]. Increased T cell infiltration into the mucosa 
is associated with H. pylori infection [13J, and immunohistological studies have 
shown increased expression of T cell stimulation markers [14]. Recent studies 
with in vitro cultured gastric T cells from H. pylori-infected subjects [15J have 
demonstrated TNF-O( secretion by cloned gastric T cells (J.E. Crabtree, in 
preparation). The mucosal TNF-O( production in subjects with active gastritis 
(Fig. 1), therefore, could be derived partly from T cells. Antral lymphoid follicles, 
found particularly in subjects with active gastritis relative to those with inactive 
gastritis [16J, are a further possible source of local cytokine production. 
Relatively little is known about mucosal T cell subsets in H. pylori-associated 
gastritis. There is no apparent increase in mucosal T cells expressing the ylJ 
chain in H. pylori-associated gastritis [17J, although there is one reported case 
of an increase in ylJ T cells in lymphocytic gastritis [18]. The cellular origin of 
gastric IL-6 is currently unclear. IL-6 can be produced by lymphoid and non­
lymphoid cells including activated macrophages, fibroblasts, T cells and endo­
thelial cells [19J. 

Effect of Cytokines on B Cells 

It has long been established that non-autoimmune gastritis is associated with an 
increase in mucosal plasma cells and epithelial expression of secretory compon­
ent, lysozyme and lactoferrin [20, 21J. Recent studies have shown that numerous 
cytokines can influence humoral responses with different factors acting on 
quiescent B cells, stimulating B cell proliferation and plasma cell differentiation 
[22]. IL-6, in particular, will induce terminal differentiation of B cells, and this 
cytokine was initially termed B cell stimulatory factor [23J. An effect of TNF-O( 
on B cell differentiation has not been unequivocally demonstrated, but it may 
have a co-stimulatory effect on B cell function and immunoglobulin secretion in 
conjunction with other factors [24, 25J. Other cytokines have recently been 
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implicated in immunoglobulin class switching [23], but as yet little is known 
about the action of such factors in the mucosal micro-environment. 

The initial observation of H. pylori IgA antibodies in gastric juice of subjects 
with H. pylori-associated gastritis [26] suggested that a component of the 
mucosal plasma cell response represented a local immune response to H. pylori. 
In vitro secretion of H. pylori-specific IgA by gastric biopsies of colonised 
patients [27] and duodenal mucosa of patients with duodenitis [28, 29] 
confirmed these early observations. More recently, the antigen specificity of the 
local IgA response to H. pylori has been characterised by immunoblotting [30, 
31]. Whilst IgA has been shown to have several protective functions at mucosal 
sites, inhibiting bacterial adherence, preventing antigen uptake and neutralising 
biologically active antigens [32], its functional role in modifying host -bacterial 
interactions in H. pylori-associated gastritis is presently unclear. IgA-dependent 
cellular cytotoxicity against enteropathogenic bacteria, however, has been 
described in mice when cells from gut-associated lymphoid tissue were used as 
effector cells [33, 34]. 

Cytokines and Other Mucosal Cells 

A feature of chronic gastritis is the increased expression of HLA class II 
determinants on the epithelium [13, 35] which is closely related to lymphocytic 
infiltration [13]. Epithelial expression of class II antigens is thought to be 
cytokine mediated; interferon gamma (IFN-y) induction ofHLA-DR on intesti­
nal epithelial cell lines [36] and fetal intestinal epithelium [37] have both been 
demonstrated. TNF-O(, does not directly induce epithelial HLA-DR expression, 
but can augment IFN-y-induced expression [38]. TNF-O(, however, up-regulates 
the expression of secretory component on epithelial cell lines [38]. Additionally, 
TNF-O( stimulates lysozyme production by mononuclear cells [39]. Local 
production of TNF-O( in H. pylori-associated gastritis may therefore be partly 
responsible for the increased lysozyme and secretory component expression 
observed [20, 21]. 

Gastric H. pylori infection is particularly associated with a neutrophilic 
response (active gastritis) [40]. Whilst in vitro experiments demonstrate that IL-
6 and TNF -0( are both produced locally by the antral mucosa of patients with 
active gastritis and H. pylori infection, in inactive gastritis where neutrophils are 
not found in the epithelium (Fig. 1), it is only IL-6 that is significantly increased. 
Cytokines have been shown to modify the functional activity of neutrophils 
[41]. Whilst IL-6 is not chemotactic or chemokinetic for neutrophils, it does 
increase lysozyme and lactoferrin secretion and the oxidative burst of neutro­
phils [42, 43]. Interestingly, recent murine studies have demonstrated a similar 
dissociation between local IL-6 secretion and mucosal polymorphonuclear cell 
infiltration to sites of bacterial infection [44, 45]. In contrast to IL-6, TNF-O( 
stimulates neutrophil chemotactic factor (interleukin-8) production from endo­
thelial cells [46] and fibroblasts [47]. The observation therefore that TNF-O( 
secretion, but not IL-6, is significantly higher in patients with active gastritis 
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relative to those with inactive gastritis, is in accordance with the known in vitro 
functional properties of these two cytokines. Several other cytokines are also 
likely to have direct or synergistic effects on neutrophil activation and function 
[41] within the mucosa. 

Cytokines and Gastric Physiology 

Cytokines produced within the gastric mucosa could influence non-specific 
defence mechanisms such as mucus secretion. In vitro studies have shown that 
mucus glycoprotein synthesis and secretion are increased in H. pylori-associated 
gastritis [48]. It has recently been demonstrated in the small intestine that T 
cells have a regulatory role in mucus secretion [49], thus raising the possibility 
of cytokine involvement not only in regulating the local inflammatory cell 
infiltrate in patients with H. pylori-associated gastritis, but also in influencing 
other physico-chemical events at the gastric mucosal surface. 

Antral H. pylori infection is associated with an increase in serum gastrin [50, 
51]. It has been proposed that the high urease activity of the bacterium and 
concomitant local production of ammonia disrupts the normal regulatory 
mechanisms controlling gastrin release [51]. As inhibition of the urease activity 
with acetohydroxamic acid fails to modify the post-prandial gastrin response 
[52], other gastric micro-environmental factors may be important in inducing 
perturbations in gastric physiology. There is preliminary limited evidence from 
animal studies that gastrin release may be stimulated by gastric immune 
responses. Specifically, antigen administration to the stomach was shown to 
induce gastrin release following pre-immunisation [53]. Additionally, the cyto­
kines IL-2 and IFN-l' have been shown to stimulate gastrin release from 
perfused canine antrum [54]. 

TNF-(X is known to have many important metabolic effects [55], and the 
local generation of this cytokine in H. pylori infections may be important in 
modifying gastric physiology. Two recent pharmacological studies have shown 
that agents which will modify TNF-(X production induce changes in plasma 
gastrin concentrations. Indomethacin, which increases macrophage TNF-(X 
secretion in vitro [56], has been shown to significantly augment post-prandial 
plasma gastrin [57], an effect not associated with changes in basal acid anti­
secretory activity [58]. In contrast, enprostil, a synthetic dehydro-prostaglandin 
E2 (PGE2) analogue, decreases post-prandial gastrin release [57]. PGE2 
suppresses TNF-(X release from activated macrophages and is considered an 
important factor in down-regulation of macrophage activation [59]. Cytokines 
may also directly affect acid secretion. It is well established that acid secretion is 
reduced in certain infections, for example, some small intestinal nematode and 
cestode infections [60]. Infection with H. pylori is associated with an initial 
hypochlorhydria [60] of varying duration. The cytokine IL-l has recently been 
shown to inhibit gastric acid secretion in rats [61]. Whether other cytokines 
similarly have a regulatory effect on acid secretion is unknown. 
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Conclusions 

Cytokines can clearly have many immunoregulatory effects influencing 
host-bacterial interactions. Studies on cytokines at the site of disease activity 
are important, and the multiplicity of possible cytokine functions are only just 
beginning to be unravelled. Further studies are required to delineate which 
bacterial products of H. pylori stimulate mucosal cytokine production and the 
cellular origin of the cytokines. 
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Immunological Aspects of Helicohacter pylori 
Infection 

A.S. Peiia 

With the exception of studies on patients with pernicious anaemia, a mouse 
model of autoimmune gastritis, and experimental studies of gastric tumours, the 
stomach has not been intensively or systematically studied by immunologists. 
This is likely to change in the near future. It appears that the major cause of the 
most common form of antral gastritis is infection with Helicobacter pylori. This 
bacterium may also be involved in the pathogenesis of duodenal ulcer, and 
infection is perhaps one of the initial events in the transition from gastritis to 
dysplasia, metaplasia and, eventually, gastrointestinal cancer of the intestinal 
type. One of the interesting aspects of this infection is that the majority of 
individuals who acquired the infection cannot get rid of the bacteria, and it is 
proving extremely difficult to eradicate it. No good explanation of the failure of 
the local immune response exists in spite of a demonstrable local antibody 
response. This observation should stimulate further studies in this area of 
research. 

From the presentations at the symposium in Toledo and the papers pub­
lished in this volume it is quite clear that several groups of investigators have 
made a good start in investigating this area of gastrointestinal immunity. Shi­
Guang et al. from the University of Essen in Germany have confirmed the 
almost absolute correlation that exists between IgG H. pylori antibodies in the 
serum of the patients and the presence of antral gastritis. Figure et al. from the 
University of Siena, Italy, have studied the prevalence of serum antibodies 
directed to the 128-kDa protein which corresponds to the vacuolating activity­
associated protein and found that all patients with duodenal ulcer had anti­
bodies to this band, in contrast to patients without duodenal ulcer. This suggests 
that a high molecular weight protein on the surface of the bacteria may be 
involved in the pathogenesis of duodenal ulcer. Crabtree and coworkers have 
reviewed the role of cytokines in the modulation of the immune response against 
H. pylori. An increased production of interleukin-6 and tumour necrosis factor 
(TNFa) was found in biopsy homogenate supernatants and in culture super­
natants of gastric biopsy specimens of patients infected with H. pylori. They 
suggest that TNFa produced locally in the stomach may be responsible for the 
polymorphonuclear infiltration and, indirectly, for the increased lysozyme and 
secretory component expression observed in chronic gastritis. Although further 
studies are necessary to determine the cellular origin of these cytokines it may be 
that they are important in controlling the extent of the inflammation. An 
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increased number of intraepithelial T cells has been reported in H. pylori­
associated gastritis. Engstrand from Uppsala, Sweden, has reported that 
gamma/delta cells appeared to be increased in this condition, and a stress 
protein detected by a monoclonal antibody directed to the 65-kDa and the 
58-64-kDa protein family was found in the epithelial cells of the antrum. This 
report, if confirmed, will be of special significance in studies of the pathogenesis 
of gastritis and perhaps in the induction of an autoimmune form of chronic 
gastritis. 

At present it can be concluded that the presence of specific IgG-H. pylori 
antibodies correlates very well with the presence of the bacteria in the stomach. 
Several enzyme-linked immunosorbent assays (ELISA) are now available. 
However, it is advisable to validate the performance of these tests with known 
cases of infected patients before using them in screening of unknown popu­
lations. There are still some problems that need to be resolved, apart of the lack 
of standardization of the different tests available. More data is needed in 
patients above the age of 70; and in children, the cut off point may be different 
from that in adults, since it is known that the full IgG response is not reached 
until the age of 10 years. It is also important to standardize the technique using 
the same antigen source. If whole cell sonicates are used, it is probably better to 
include different strains since they may contain different high molecular weight 
cell-associated proteins. Whenever possible these antigens should be tested by 
immunoblotting to make sure that all specific bands are present. On the other 
hand, more studies using single, well-characterized strains with individual 
patient's serum with this technique are necessary. Studies in this direction may 
help to clarify why some patients develop a peptic ulcer when H. pylori is 
present. 

The importance of selecting an adequate cut-off point in validating different 
commercial ELISA tests has been remarkably well illustrated by Loffeld et al. in 
another section of this volume. Contrary to expectations, the local specific 
response to the bacteria appears to be mainly of the IgA1 subclass instead of 
IgA2 as reported by Van der Est et al. in gastric biopsy specimens of patients 
with H. pylori-associated gastritis. This finding supports the pathogenetic role of 
H. pylori in producing inflammation of the gastric mucosa. Stacey et al. discuss 
several possibilities to explain the lack of efficiency of the local gastric humoral 
immune response in clearing the infection in patients infected with H. pylori: The 
role of specific anti-H. pylori-IgA in inhibiting bacterial adherence or uptake is 
not clear. 

With the development of effective treatment regimens, long-term eradication 
of H. pylori is possible in over 90% of patients. There are several excellent tests 
for the detection of H. pylori in untreated patients. After treatment, however, 
when the number of bacteria in the mucosa is substantially diminished, the 
number of false-negative test results might increase. Determination of specific 
IgA and IgG anti-H. pylori antibodies by means of an ELISA technique is 
suitable for screening and follow-up in larger patient populations [1-3]. These 
serological tests are easy to perform, relatively inexpensive and very acceptable 
to the patients. It may well be that serological testing will become the preferred 
method for follow-up after treatment for H. pylori infection and will probably 
replace endoscopy [4]. 
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When reviewing papers in the proceedings of a symposium one cannot be as 
rigorous as one would be in the case of most scientific publications. The 
contributions to the proceedings must be provocative and they should stimulate 
research. From this point of view the contributions here also make clear that H. 
pylori infection of the stomach can be used as a model to study the interaction 
between host and parasite. Further studies on the systemic and salivary 
humoral response against the bacteria are needed, as well as studies of genetic 
factors determining the predisposition to acquire the infection or, perhaps more 
importantly, the factors determining the lack of the infection, especially in those 
areas of the world where the infection starts early in life and is widespread. 

Patients with chronic active gastritis without duodenal ulcer disease prob­
ably have a different predisposition to suffer from upper gastrointestinal disease 
than duodenal ulcer patients, or they may have been infected by a different 
strain of H. pylori, as discussed in other chapters in this volume. It should be 
remembered that duodenal ulcer appears to be a heterogeneous group of 
diseases. The IgG subclass response might depend upon the lipopolysaccharide 
profile of the H. pylori strain and/or virulence factors of the infecting H. pylori 
strain. It is also possible that the genetically determined antibody response of 
the host plays a role. For example, the IgG subclass response to H. injluenzae 
type b polysaccharide vaccine is associated with immunoglobulin allotype G2m 
[5]. Individuals who are homozygous for the G2m(n) allotype have a higher 
IgG2 response to pneumococcal antibodies than homozygous G2m(n) allotype 
negative individuals [6]. These findings indicate that the IgG subclass composi­
tion of the immune response is also genetically determined. It is interesting that 
a selected group of patients with relapsing duodenal ulcer had a significantly 
(p < 0.01) higher IgG2 response than patients with chronic active gastritis [7]. 

Recent studies [8] have suggested that the gastrin proton pump is the major 
target recognized by the parietal cell autoantibodies, and certain H. pylori 
profoundly inhibit acid secretion from parietal cells probably involving the 
gastric proton pump [9]. Studies directed to dissect the autoantigen and the T 
cell response in patients with the autoimmune form of gastritis may have to 
include H. pylori proteins to help to understand the role which this bacterium 
may play in precipitating an autoimmune response in the predisposed indi­
vidual. 

More profound knowledge of the bacterium, its antigenic make up and the 
molecular structure of the adhesins will help us understand the gastric humoral 
and cellular immune response of the host. Studies on the T cell response may 
help to clarify the role the bacteria play in the development of chronic gastritis 
and perhaps in predisposing to the autoimmune form of gastritis. 
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Usefulness of Two Enzyme-Linked 
Immunosorbent Assay Systems for the Diagnosis 
of Helicobacter pylori-Associated Gastritis * 

R.J.L.F. Loffeldl, H.L.A. van den Oeverl, and E. Stobberingh2 

Introduction 

Several histological and microbiological detection methods are available for the 
diagnosis of Helicobacter pylori-associated gastritis. However, these require 
endoscopy with biopsies from the gastric antrum. Therefore they are not feasible 
for epidemiological studies. To facilitate the diagnosis, non-invasive techniques 
such as breath tests and serological detection of H. pylori antibodies have been 
developed [1-4]. Home-made serological tests with different antigen pre­
parations are widely employed. Several commercial enzyme-linked immuno 
sorbent assays (ELISA) have recently become available. A high diagnostic yield, 
and high sensitivity and specificity values are claimed for these tests. In the 
present study one such test, the Bio-Rad GAP test, was compared with a home­
made ELISA used in our laboratory. 

Material and Methods 

Serum samples from 72 patients suffering from non-ulcer dyspepsia were used as 
a reference. The H. pylori status was assessed from all patients using the 
haematoxylin and eosin stain and a modified Giemsa stain; in addition, antral 
biopsy specimens were cultured. Forty-nine patients showed H. pylori in their 
biopsy material and were regarded as positive in the serological test, the 
remainder were negative. 

A home-made ELISA with a crude sonicate as antigen was carried out as 
previously described [1]. Serum samples were expressed as positive/negative 
ratios (P/N) by dividing the optical densities read at 492 nm of the patients sera 
by the optical density of the pooled negative sera included in every run. 

The commercial test, the Bio-Rad GAP test, was obtained from the clinical 
division of Bio-Rad laboratories, Milan, Italy. The test kit comprises the 

* This paper is published in extended form entitled "Usefulness of a new serological test (Bio-Rad) to 
diagnose Helicobacter pylori associated gastritis" in the Journal of Clinical Microbiology (1991) 29: 
283-286. 
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reagents including a positive and negative control serum. All procedures were 
carried out as described by the manufacturers manual. The readings were 
expressed as PIN ratios by dividing the measured optical density at 450 nm by 
the optical density of the negative control. 

Results 

The PIN ratio of the H. pylori-positive sera in the home-made ELISA was 2.92 
(standard deviation, SD, 1.01), and that ofthe negative sera was 0.83 (SD 0.58). 
This difference was statistically significant (chi-square test, p < 0.0001). With the 
receiver-operating curve an optimal cut-off value was determined at a PIN ratio 
of 1.40. This gives a sensitivity for the test of 91.8%, a specificity of 91.3%, a 
positive predictive value of 85.7% and a negative predictive value of 84.0%. 

The PIN ratios of the H. pylori-positive and -negative sera in the Bio-Rad 
GAP test were 5.19 (SD 1.37) and 2.53 (SD 1.12), respectively. According to the 
guidelines provided by Bio-Rad, results less than 6.0 are considered to be 
negative. The specificity at this cut-off point was 100%, the sensitivity was low at 
32.7%; the positive and negative predictive values were 100% and 58.9%, 
respectively. 

If the cut-off value of 6.0 was ignored and a receiver-operating curve was 
made with the 72 patients sera, higher sensitivity and specificity values for the 
Bio-Rad GAP test were obtained. The optimal cut-off value appeared to be 3.9, 
resulting in a sensitivity of 87.8%, a specificity of 91.3%, a positive predictive 
value of 95.6% and a negative predictive value of 77.8%. 

Pearson's correlation coefficient for the home-made ELISA and the Bio-Rad 
GAP test with a cut-off value of 3.9 was 0.88 (p < 0.0001); at the cut-off point of 
6.0 no correlation was present. 

Discussion 

For the reliable use of serological tests a known reference population examined 
with tlte gold standard usually applied for the diagnosis of the disease should 
be available. Sera from patients with known H. pylori status, determined by 
the combination of histological and microbiological detection, were used as 
reference. With a receiver-operating curve it is possible to calculate a cut-off 
value which will provide high sensitivity and specificity values for the test. 

Bio-Rad does not provide data on how the cut-off value was established in 
their test. In the manufacturer's guide it is stated that control sera were used 
from patients with or without a history of peptic ulcer disease. No data are 
provided on how the H. pylori status in these patients was assessed. It can be 
assumed that no endoscopic biopsy was taken. Of course this is not the correct 
way to establish a proper and reliable control population. Since H. pylori is 
present in 20%-30% of the asymptomatic population, it can be expected that a 
large number of "control" patients with no history of peptic ulcer disease 
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actually have H. pylori infection, resulting in the presence of antibodies. This 
explains the high cut-off value, the low sensitivity and low negative predictive 
value, of the Bio-Rad test. In other words, if the Bio-Rad GAP test is used 
according to the manufacturer's guidelines, almost 66% of the positive reference 
sera give a negative test result, hence are false negatives. Of course this in 
unacceptable for a serological test which will be used as a screening method or 
as a control instrument after treatment. 

The manufacturer provides a positive control serum for the quality control 
of the reagents used and for a semi-quantitative scoring of the test result (not 
described in this paper). Oddly enough, this positive control serum had a 
negative test result in our study. 

If the cut-off value of the Bio-Rad GAP test is reassessed, the diagnostic yield 
can be improved considerably and correlates well with the home-made test. 

It is important that all commercial diagnostic tests for the diagnosis of 
H. pylori infection are tested with sera of a known reference population before 

they are introduced into daily practice. 
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VII. Helicobacter pylori and Non-ulcer Dyspepsia 



Helicobacter pylori Infection in Gastroesophageal 
Reflux Disease 

O. Pieramico and P. Malfertheiner 

Definition and Relationship Between Gastroesophageal Reflux 
and Non-ulcer Dyspepsia 

Non-ulcer dyspepsia (NUD) is a symptom complex which is very common in 
patients presenting to the gastroenterologist [1,2]. Several definitions of non­
ulcer dyspepsia have been proposed over the years, but none has been definit­
ively adopted [3- 6]. A recent working party [5] defined NUD as a clinical 
syndrome including: upper abdominal or retrosternal pain, discomfort, heart­
burn, nausea, vomiting, or other symptoms considered to be referable to the 
proximal alimentary tract and lasting more than 4 weeks and for which no focal 
lesion or systemic disease is responsible. 

According to this definition, patients with gastroesophageal reflux symp­
toms (GERS) might be considered to have NUD. Although including GERS in 
the definition ofNUD may be questioned, we think that patients with retroster­
nal symptoms as the main symptomatology should be classified under gastro­
esophageal reflux disease, whereas patients with primary upper abdominal 
complaints and occasional GERS should be considered as NUD patients. The 
complexity of the nosological classification of GERS is demonstrated in a study 
by Klauser et al. [7] showing that heartburn was experienced by 48% of the 
patients with normal reflux and in 68% of the patients with gastroesophageal 
reflux disease, as assessed by 24-h pH measurement. 

Gastroesophageal Reflux Symptoms in Non-ulcer Dyspepsia 
and Its Relationship to Helicobacter pylori Infection 

Heartburn or other GERS frequently occur in the general population and its 
prevalence ranges between 5% and 20% [8, 9], but the incidence of GERS in 
patients with NUD [10, 11] is higher than that in the general population. Talley 
and Piper [10] report GERS in 71 out of 327 patients with NUD (23%), 
whereas other authors have reported a prevalence of 48% of GERS [11] (Table 
1 ). 
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Table 1. GERS in patients with upper abdominal complaints 

Patients with GERS 
Total 

Reference (n) (n) (%) 

Edwards et al. 1968 231 88 39 
[10] 248 71 29 
[11] 660 316 48 
Department of Gastroenterology, 149 75 50 
University of Ulm (1990'1991) 

Table 2. GERS in relationship to H. pylori infection 

Total Patients with GERS 

(n) (%) (n) (%) 

Total Patients 149 75 49% 
H. pylori positive 76 51 46 60%* 
H. pylori negative 73 49 29 40% 

*p < 0.05 vs. H. pylori-negative 

Whether the presence of Helicobacter pylori-positive chronic active gastritis 
is related to GERS and/or abnormal gastroesophageal reflux is still being 
debated. In a recent prospective clinical study (Table 2), we investigated 331 
consecutive patients with upper abdominal complaints. Out of 331 consecutive 
patients, 149 with upper abdominal complaints could be diagnosed as having 
NUD according to the above-mentioned inclusion criteria for NUD. In agree­
ment with the available literature [12, 13],51 % of them were H. pylori positive 
(76 out of 149). Out of76 NUD patients 46 (60%) with H. pylori infection had 
heartburn as a secondary symptom, whereas heartburn was present in only 29 
out of 73 (40%) NUD H. pylori-negative patients (p < 0.05). These data 
therefore indicate that the prevalence of GERS in patients with NUD and 
H. pylori-positive chronic active gastritis is higher than in H. pylori-negative 
patients with NUD. This supports previous preliminary data [14] which 
indicated that esophageal symptoms were more frequently present in H. pylori­
positive patients than in H. pylori-negative patients. 

Abnormal Gastroesophageal Reflux Related 
to H. pylori-Positive Chronic Active Gastritis 

A disturbed sphincter pressure or wave contraction in the esophagus, an 
alteration in gastric acid secretion, and a delayed gastric emptying are among 
the potential mechanisms involved in the pathogenesis of gastroesophageal 
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reflux disease. The complex interplay of secretory and motor changes in the 
stomach induced by chronic gastritis. as well the release of inflammatory 
mediators might theoretically lead to increased acid reflux. In a previous study 
[15], chronic gastritis was found to be associated with delayed gastric emptying 
and increased reflux. If this phenomenon can be confirmed by further studies, 
one may hypothesize that H. pylori infection, by inducing chronic active 
gastritis, might contribute to increased gastroesophageal reflux. Furthermore, 
changes in gastrin and gastric acid secretion [16, 17] induced by H. pylori 
infection might be an additional factor favoring reflux. In contrast to this 
hypothesis, preliminary data [18,19] have shown that H. pylori-positive chronic 
active gastritis is not associated with reflux esophagitis as assessed by histology. 
However, inflammatory changes in the distal esophagus are only a small part of 
the wide spectrum of gastroesophageal reflux disease, and the majority of 
patients with GERS have no esophagitis. 

In order to investigate the relationship between chronic active gastritis and 
gastroesophageal reflux we performed 24-h esophagus pH measurement in 
patients with GERS in relationship to the clinical picture and to the H. pylori 
status. For this purpose, H. pylori infection was assessed by histological 
examination of antral biopsies obtained during gastroscopy in 35 consecutive 
patients who underwent 24-h esophagus pH measurement for heartburn and 
retrosternal pain. In accordance with a previous report [7], an abnormal 
gastroesophageal reflux was confirmed by pH measurement in 70% (23 out of 
35) of the patients with GERS. When the presence of H. pylori infection was 
considered, six patients out of 12 were H. pylori positive and 17 out of the 
remaining 23 were H. pylori negative. The results of the 24-h esophagus pH 
measurement were not different with regard to H. pylori-positive and -negative 
patients. . 

Conclusions 

The relationship between chronic gastritis and gastroesophageal reflux is still 
unclear. H. pylori infection, by inducing chronic active gastritis, does not appear 
to be a risk factor for increasing reflux. However, gastroesophageal reflux 
symptoms occur more frequently in patients with H. pylori-positive chronic 
active gastritis than in H. pylori-negative patients. Further studies are needed to 
clarify the role of altered gastric physiology by H. pylori infection on the 
pathogenesis of gastroesopageal reflux. 
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Computerised History Taking for the Assessment 
of Helicobacter pylori in Non-ulcer Dyspepsia: 
The Quest for the Clinical Syndrome 

R.J.L.F. Loffeld and R. Adang 

Introduction 

Marshall and Warren's original description of Helicobacter pylori [1] renewed 
interest in gastritis research. Until then many investigators thought gastritis to 
be phenomenon of the stomach brought on by advancing age and without 
clinical relevance. 

Helicobacter pylori is the major cause of type B antral gastritis and, in 
addition, plays an important role in the pathogenesis of peptic ulcer disease, 
especially duodenal ulcer disease. Its role in non-ulcer dyspepsia remains 
controversial [2]. Non-ulcer dyspepsia is an ill-defined clinical syndrome. The 
aetiology is unknown, but H. pylori as well as motility disorders are held 
responsible for the syndrome. The major problem facing the clinician is the fact 
that H. pylori gastritis does not cause a typical clinical syndrome. In other 
words, identification of the disease is not possible on the basis of the medical 
history. Another confounding factor is the fact that H. pylori gastritis also occurs 
in apparently healthy individuals. 

The prevalence of H. pylori infection in healthy individuals increases to 
about 50% with advancing age. The overall prevalence is 25%. The prevalence 
of H. pylori gastritis in patients suffering from non-ulcer dyspepsia appears to be 
50%-60%. If age cohorts of healthy individuals are compared with non-ulcer 
dyspepsia patients, it can be noticed that the prevalence of H. pylori infection is 
higher in every age cohort of non-ulcer dyspepsia patients (Fig. 1). Since studies 
done in healthy individuals are serological studies, this difference can be more 
impressive since an unknown number of individuals show the serological scar of 
past infection, implying that the actual figure of persons showing active H. pylori 
infection might be considerably lower. 

This observation indicates that a significant number of non-ulcer dyspepsia 
patients actually suffer from H. pylori infection. Unfortunately these patients are 
not identifiable in the melee of upper abdominal complaints. 

Since non-ulcer dyspepsia is a major problem in public health, identification 
of patients suffering from H. pylori infection should be the first goal in non-ulcer 
dyspepsia research. 

One way to establish this is the performance of randomised therapeutic 
trials. The results of these studies have so far been disappointing. Some 
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Fig. 1. Presence of H. pylori in different age cohorts of non-ulcer dyspepsia patients (open columns) 
and healthy blood donors (hatched columns). The non-ulcer dyspepsia patients were tested histologi­
cally and microbiologically. The donors were tested serologically 

complaints show decline in severity or frequency, others do not; while in other 
studies no differences are noted between treated patients and placebo patients. 
The only valid conclusion from these trials can be that some patients benefit 
from therapy [3-7]. 

The other possibility to answer the question is the development of a very 
detailed medical history, linking complaints and/or combination of complaints 
with the results of histological and microbiological studies from antral biopsy 
specimens. The routine medical history remains a time-consuming and often 
unsatisfactory task. Therefore, it seems logical to use a computer-assisted 
system, for medical history taking. 

Material and Methods 

A computerised questionnaire is being developed as part of an on-line decision 
system in gastroenterology. The hardware consists of a Novell network with 
Olivetti personal computers. The programming language is Turbo Pascal 5.5, 
the software is Ashton Tate's DBASE III plus. 

The questionnaire comprises 54 questions in a so-called branching structure. 
Twenty-two questions always have to be answered, while the remainder are 
refinement questions only to be answered if a main question is answered in the 
affirmitive. The answers are given as multiple choice options. The patient has the 
possibility to go back and change previously given answers. It is not possible to 
skip a question. 
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Table 1. Patients' complaints in the presence or absence of H. 
pylori 

HP present HP absent 

(%) (%) 

Epigastric pain 55 50 
Retrosternal pain 52 43 
Heartburn 48 29 
Burping 84 67 
Nausea 46 40 
Vomiting 39 43 
Anorexia 33 47 
Bloating 54 54 
Influence of stress 71 90 

The questionnaire includes questions on upper abdominal complaints, as 
well as complaints pointing towards irritable bowel syndrome and symptomatic 
gall bladder disease. The severity of some complaints is scored, and additionally 
pain localisation is asked for. Data on medication, smoking habits and alcohol 
consumption are noted. 

All patients referred for upper gastrointestinal endoscopy are encouraged to 
participate in this computerised history taking. A pilot study was done in 
patients suffering from non-ulcer dyspepsia. For the purpose of the study all 
patients referred for upper gastrointestinal endoscopy showing macroscopic 
abnormalities such as peptic ulceration or reflux oesophagitis were excluded. 
Patients with upper abdominal complaints with normal endoscopic investiga­
tion were included. 

One antral biopsy specimen was taken from all patients for histological 
examination; in several patients one specimen was also used for the CLO test 
(Delta West Ltd., Western Australia). The sections were examined with the 
haematoxylin and eosin stain for scoring of gastritis according to Whitehead. H. 
pylori was detected with the modified Giemsa stain [8]. 

Results 

Seventy-seven consecutive patients were included. Eighteen patients had to be 
excluded because they did not participate, hence no computer data were 
available. The remainder could be evaluated (31 men, 28 women; mean age 51 
years, range 24-79). Gastritis was present in 35 patients (59%), all were positive 
for H. pylori. Twenty-four biopsy specimens (41 %) revealed normal antral 
mucosa, nine ofthem were H. pylori-positive (37.5%),15 were H. pylori negative 
(62.5%). H. pylori was present in 44 out of 59 patients (74.5%). The results 
regarding several upper abdominal complaints for H. pylori positive and -. 
negative non-ulcer dyspepsia patients are shown in Table 1. 
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Discussion 

This study was especially done to study the feasibility and the acceptability of a 
computerised system for non-ulcer dyspepsia. The results of this pilot study are 
promising. However, the system has some important shortcomings. At the 
present time, the number of patients is too small to permit any conclusions or to 
do statistical analysis. A significant number of patients are not able to particip­
ate, mostly because of visual problems or illness. On the other hand, the system 
needs to be explained to the patient, hence extta personnel. In times of great 
pressure on the department, it was not possible to instruct all patients. 

To the question: "Were you able to express all your complaints?" 58% ofthe 
patients answered in the affirmative, while 25% answered in the negative. The 
remainder had no opinion. 

For this system to work it is very important that all referred patients 
participate and that every patient is able to express their complaints to the full 
extent. This indicates that some amplifications and alterations of the system are 
necessary, and that, if active participation is not possible, the questionnaire 
should be used in the traditional oral way. This requires more attendance and 
explanation by the endoscopy staff. The computerised questionnaire was easily 
accepted by the participants. The majority found the computer work easy and 
interesting. 

In this study only one antral biopsy specimen was taken for the evaluation of 
the histological appearance of the mucosa and presence of H. pylori. This is not 
the correct way of diagnosing H. pylori infection. At least two biopsy specimens 
should be taken from the antrum. However, owing to logistic problems this was 
not possible in this pilot phase. 

Mter the necessary improvements and solution of the logistic problems, this 
questionnaire, together with the antral biopsy, seems to be a potentially valid 
instrument to identify patients suffering from H. pylori infection. It is our 
opinion that it will only be a matter of time before a large part of the puzzling 
problem of H. pylori and non-ulcer dyspepsia has been solved. 
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VIII. Helicobacter pylori and Malignant Growth 



Prevalence of Helicobacter pylori in Patients 
with Malignant Growth of Gastric Mucosa 

J.M. Pajares, M. Crespo, J. Fraga, P. Sanchez Risco, A. Lancho, 
and M. Blanco 

Introduction 

Although the relation between H elicobacter pylori (HP), gastritis and peptic 
ulcer disease has already been well demonstrated [1-6], very little is still known 
about HP and its possible role in the pathogenesis of gastric cancer. Research 
carried out up to now on the aetiology of gastric cancer has contributed many 
data on different risk factors or circumstances that play a role in the pre­
cancerous process. 

Owing to the only recent discovery of HP as a cause of gastroduodenal 
pathology, researchers have aimed their work at trying to clear up the pathogen­
etic implications of HP in,pathologies such as gastritis [7-9] and peptic ulcer 
[10-14]. Only when these implications had been sufficiently demonstrated, did 
they shift their interests towards another pathology, i.e., gastric cancer. The 
point of view that HP is an infectious agent and a possible "cancer promoter" 
[15], together with others already recognized as risk factors in gastric cancer, 
raises a new line of study and research. However, until now, there have only been 
a few studies published about HP and gastric neoplasia which have tried 
specifically to add data to this subject. 

Aims 

In our work we tried to carry out a study exclusively with patients with gastric 
neoplastic or preneoplastic pathology. The aims of our study were: (a) to 
establish the general prevalence of HP in patients with malignant growth of 
gastric mucosa; (b) to study HP colonization in different types of malignant 
growth of gastric mucosa, considering factors such as the histologic type of the 
neoplasia or its location. 

Patients and Methods 

A total of 69 patients were studied (43 men and 26 women). They were sent 
to the digestive endoscopy service in our hospital with clinical symptoms 
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suggesting gastric pathology, and they were all endoscoped and diagnosed, with 
later histopathologic confirmation, as having gastric cancer. The diagnoses 
were: 57 gastric adenocarcinomas, five gastric lymphomas, two Kaposi's sar­
comas, two adenocarcinomas of the lower third of the esophagus, five gastric 
dysplasias. The patients were divided into two groups according to the method 
used to detect HP presence. 

Histologic Detection of HP 

A total of 49 patients were included. Several biopsies were obtained from each 
patient and these were processed in the pathology service of our hospital using 
conventional histologic methods. Hematoxylin and eosin stains were performed 
in all biopsies. We also used Giemsa stains on the biopsies of six patients. Slides 
were reviewed with a conventional optic microscope, and HP presence was 
confirmed in all cases with high-power fields (x 100 objective). 

Microbiologic Detection of HP 

Twenty patients were included. The urease test and CLO-test (Delta West Ltd., 
W.Australia) were performed, with the biopsies obtained from these patients, 
and samples were also sent to the microbiology service ofthe hospital for culture 
and Gram staining, using the appropriate methods and culture media. With 
reference to the microbiologic diagnostic criteria of HP infection, patients were 
considered as HP positive when at least two of the four diagnostic methods 
named were positive. The location of the neoplasia (body/antrum) was set, 
followed by the endoscopy criterion. Statistical analysis of the data was per­
formed by the chi-square method, the results being considered as significant 
with p values less than 0.05. 

Results 

The general prevalence of HP in patients with malignant growth of gastric 
mucosa was 32% (22 HP positive from 69 patients). There is a significantly 
higher presence of HP in gastric adenocarcinomas growing from the antrum 
than in those growing from the body (p < 0.05). 

It is interesting to observe, from the histologic point of view, that there was 
not a high level of HP colonization in any of the infected patients, and the 
highest concentration of HP was found in two of the three gastric lymphomas 
studied. With reference to the patients with histologic diagnosis of gastric 
epithelial dysplasia, HP was found only in those with an antral location (two 
HP positive from patients with dysplasia). 

No HP presence could be demonstrated in patients with adenocarcinoma 
of the lower third of the esophagus or Kaposi's sarcoma. Patients with 
adenocarcinoma of the lower third of the esophagus were included in this study 
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Table 1. Helicobacter pylori (HP) colonization to type and location of malignant 
growth 

Type HP positive HP negative Total 
(n) (%) (n) (%) (n) 

Adenocarcinoma of the esophagus 2 2 
Gastric adenocarcinoma 

Body 5 18 23 82 28 
Antrum 13 45 16 55 29 

Gastric dysplasia 
Body 2 2 
Antrum 2 66 1 33 3 

Lymphoma 2 66 1 33 3 
Kaposi's sarcoma 2 2 
Total 22 32 47 68 69 

due to the fact that many of these neoplasias grow from the so-called Barrett's 
esophagus, a gastric epithelial metaplasia that may be colonized by HP [16]. 

Considering the diagnostic method used to detect HP presence, results differ 
according to the method (histologic or microbiologic) used. In patients studied 
microbiologically, we obtained a higher percentage of HP positivity: 55% (11 
HP positive from 20 patients) in relation to those studied histologically: 23 % (11 
HP positive from 69 patients). 

However, the tendency towards a higher level of HP colonization in antral 
neoplasias in relation to those from the body subsits as much in the group of 
patients studied with histologic methods, as in those studied with microbiologic 
methods. The results of all patients are summarized in Table 1. 

Discussion 

The results of the study showed the relatively low level of HP colonization in 
patients with gastric neoplasia in relation to the levels of infection reported in 
other gastroduodenal pathologies (chronic gastritis [1, 3, 8, 10, 17, 18J and 
peptic ulcer [2, 18, 19J). 

In a comparative analysis of the results from the different studies published 
which include patients with gastric cancer, the great difference in the prevalences 
obtained and the very broad range could be surprising [2, 18, 20-26J, but it 
should be pointed out that not all of these studies were specifically designed to 
establish the relation between HP and gastric cancer, and consequently the 
number of patients with gastric neoplasia included is usually very low. Never­
theless, in general, the levels of HP colonization reported are never as high as in 
the rest of gastroduodenal pathologies, as we have confirmed in our study. 

With reference to the greater sensitivity of detecting HP presence in patients 
studied using microbiologic methods in relation to those studied histologically, 
we observed that the reason could be that HP is never found colonizing 
neoplastic tissue but adjacent "normal" gastric mucosa with no tumorous 
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infiltration, confirming observations that have been previously reported in other 
studies [18, 21]. In this sense, many of the biopsies reviewed histologically were 
nearly all tumorous tissue, in which no HP presence could be demonstrated. 

We therefore recommend that biopsy samples should be taken at a sufficient 
distance from the neoplastic tissue if a study of the prevalence of HP in patients 
with gastric cancer is to be carried out. 

It remains to be confirmed that HP colonization, which is a chronic infection 
that probably persists over the gastric mucosa for many years, may contribute 
together with other risk factors to the development of carcinomatous changes 
[15]. At the same time, the currently accepted pathogenic sequence, chronic 
gastritis - intestinal metaplasia - dysplasia - cancer, could be extended by the 
incorporation of HP presence in the first step (chronic gastritis). 

Considering the significant difference in colonization between antral and 
body carcinomas, the interpretation and significance are still in doubt, although 
HP might be one of the most important risk factors in the antral location, while 
in body carcinomas other more important risk factors such as nitrosamines or 
other exogenous factors could have a more determining effect. 

An interesting perspective arises in relation to gastric primitive lymphomas 
and the possible role HP could play in their pathogenesis as HP infection could 
be considered as a continuous antigenic stimulation over the gastric mucosa, 
with a more or less important role according to the level of colonization. 

In summary, the prevalence of HP in gastric cancer is less than in other 
gastroduodenal pathologies (chronic gastritis and peptic ulcer). Nevertheless, 
HP could play an important role as a risk factor or carcinogen in the first stages 
of the neoplastic process. 

This pathogenic role could be more or less important according to the 
circumstances such as tumor location (a greater implication of HP in antral 
carcinomas) or the histologic type of this carcinoma. 
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A Role for Helicobacter pylori 
in Gastric Carcinoma? 

R.J.L.F. Loffeld 1, I. Willems 2 , and J.W. Arends 2 

Introduction 

The exact aetiology of gastric carcinoma is unknown. Many impetuses are 
known or suspected to playa role in the pathogenesis of gastric cancer. It is 
generally accepted in the literature that induction of gastritis is the initial event 
in the pathogenesis. If the inflammation persists for many years, this will 
eventually lead to the development of intestinal metaplasia and atrophia. 
Together with other impetuses, such as, for instance, toxic substances, this can 
finally lead to the development of gastric cancer. Of course this sequence is much 
more complicated and not unraveled to its full extent. 

Helicobacter pylori is the major cause of type B antral gastritis, characterised 
by an acute and chronic inflammatory infiltrate in the superficial portion of the 
lamina propria and around groups of gastric glands. Krienitz [1] postulated 
that the spiral organisms observed in resection specimens from gastric cancers 
had some aetiological importance. Glands in which H. pylori are present display 
increased proliferative activity. It is thought that the bacterium acts as an 
irritant and induces excessive cell replication, thus acting as a cancer promotor 
[2]. Although only a minor portion of patients with type B gastritis will develop 
gastric cancer, it is interesting to know what the prevalence of the infection is in 
this condition. 

Material and Methods 

Gastric carcinomas diagnosed from 1980 to 1984 were retrieved from our files. 
The material consisted of 105 carcinomas (64 men and 41 women, mean age 76.2 
years, range 41-97). 

The presence of H. pylori was studied with a modified Giemsa stain, applied 
on all material available from the patients. Biopsy specimens as well as resection 
specimens were studied. Presence of H. pylori was scored as previously described 
[3]. 

*This paper has been published in a different form in Histopathology (1990) 17: 537-541. 
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Standard haematoxylin and eosin-stained sections were re-evaluated. 
Tumour differentiation was scored as poor or high, tumour type (intestinal or 
diffuse) was also noted. Presence of intestinal metaplasia was scored semi­
quantitatively: grade 0, none; grade 1, focal; grade 2, less than half of the 
epithelium affected; and grade 3, more than half of the epithelium affected. 

The cancer patients were compared with seropositive blood donors and 
H. pylori-positive non-ulcer dyspepsia patients. A total of 415 healthy blood 
donors were tested serologically with a highly sensitive and specific enzyme­
linked immunosorbent assay (ELISA), using a crude sonicate as antigen [4]. 
Two hundred patients suffering from non-ulcer dyspepsia were studied histolog­
ically and microbiologically for H. pylori. Both control groups have already 
been published [3, 5]. 

Results 

Fourteen carcinomas had to be excluded because of the absence of normal 
epithelium in the sections. The remaining 91 carcinomas were available for 
evaluation. 

As shown in Table 1 no significant difference was present in H. pylori 
presence between resection specimens or biopsy specimens from the same 
patient. However, a trend towards a higher bacterial load was observed in the 
biopsy specimens. If all available biopsy specimens and resection specimens 
were compared, a highly significant difference in bacterial load was present. 

Table 2 shows the presence of H. pylori in poorly or highly differentiated 
tumours. No significant difference was seen, although H. pylori was more often 
present in tumours revealing a high differentiation grade. 

No significant difference was seen in the presence of H. pylori between 
intestinal and diffuse types of carcinoma (Table 3). However, the number of H. 

Table 1. Presence of H. pylori in resection and biopsy specimens 

H. pylori score 

Resection 
Biopsy 

Grade 0 
(n) (%) 

33 
26 

54 
43 

Grade 1 
(n) (%) 

17 
17 

28 
28.5 

Grades 2/3 
(n) (%) 

11 
17 

18 
28.5 

Table 2. Presence of H. pylori in poorly and highly differentiated samples 

H. pylori score Grade 0 
(n) (%) 

Poor differentiation 37 45 
11 High differentiation 

Grade 1 
(n) (%) 

21 
5 

24 
56 

Grades 2/3 
(n) (%) 

24 
3 

31 
33 
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Table 3. Presence of H. pylori according to the type of carcinoma 

H. pylori score 

Diffuse 
Intestinal 

Grade 0 
(n) (%) 

6 
32 

54 
40 

Grade 1 
(n) (%) 

3 
23 

27 
29 

Grades 2/3 
(n) (%) 

2 
25 

19 
31 

pylori positive patients was higher in the intestinal type. This figure did not 
reach statistical significance, probably because the majority of excluded carci­
nomas were of the diffuse type. 

As could be expected, there was an inverse relation between the presence 
H. pylori and the presence of intestinal metaplasia (Table 4). 

Figure 1 shows the comparison of H. pylori positivity in different age cohorts 
of gastric carcinoma patients, patients with non-ulcer dyspepsia and healthy 
blood donors. Presence of H. pylori in the age cohorts 41-50 years and 51-60 
years was significantly higher than to be expected in the healthy population 
(p < 0.001 and p < 0.05, respectively). No difference was seen in the comparison 
with non-ulcer dyspepsia patients. 

Table 4. Presence of H. pylori and intestinal metaplasia 

H. pylori score 
Intestinal 
metaplasia score 

Grades 0/ 1 
Grades 2/3 

P < 0.05 

100 

80 

60 l 
40 

20 

Grade 0 Grade 1 Grades 2/3 

(n) 

19 
20 

(%) (n) (%) (n) (%) 

35 15 27 21 38 
56 11 30 5 14 

Fig. 1. Presence of H. pylori in different age co­
horts from gastric cancer patients (Open columns) 
patients suffering from non-ulcer dyspepsia 
(hatched columns) and healthy blood donors (solid 
columns) 

41-50 151-'0 '1-70 11-80 

Age cohorts 
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Discussion 

The prevalence of H. pylori in our material was 59%. 
This figure is in keeping with data in the literature. 
The bacterial load was higher in biopsy specimens. The reason for this 

phenomenon is not obvious. A possible explanation could be autolysis and 
drying of the resection specimens after surgical removal. Although biopsy 
specimens are immediately fixed, resection specimens are not. Since H. pylori is 
susceptible to drying, this could explain a decrease in bacterial load and possibly 
the disappearance of the microorganism. Hence studies on H. pylori in gastric 
carcinoma should be done on freshly fixed biopsy material. 

Helicobacter pylori was only seen overlying normal-looking epithelium 
adjacent to the tumour site. The bacterium was also absent in areas of intestinal 
metaplasia. H. pylori has a special affinity for gastric epithelium due to the 
presence of growth factors and a specific glycerolipid receptor in the epithelium 
[6]. It is tempting to assume that these points of recognition are lost in the 
epithelium adjacent to tumours of poor differentiation, explaining the lower 
H. pylori positivity of these tumours. 

Although not statistically significant, H. pylori seems to be linked with the 
intestinal type of carcinoma. The reason for the absence of a significant 
difference is possibly the fact that the majority of the tumours of the diffuse type 
had to be excluded because no normal-looking epithelium was present in the 
sections. 

On the other hand, the microorganism might not necessarily be present 
throughout the evolution of the tumour. This might explain the H. pylori­
negative cases of intestinal-type carcinoma. 

About half of the patients suffering from non-ulcer dyspepsia and half of the 
healthy blood donors, at a certain age, reveal H. pylori histologically and/or 
serologically. At first glance, the presence of H. pylori in gastric carcinoma 
patients seems to reflect the average H. pylori status in the normal population. 
However, an impressive observation was done when different age cohorts of 
cancer patients were compared with healthy individuals. H. pylori was present in 
83 % and 75% of cancer patients aged 41-50 years and 51-60 years, compared 
with 26% and 39% of the healthy population, respectively. In other words, the 
presence of H. pylori in these age groups is considerably higher than to be 
expected in the normal population, implying a role for the bacterium in this 
condition. 

The presence of H. pylori in different age cohorts is not influenced by the 
presence of intestinal metaplasia. 

It is concluded that H. pylori plays a role in the pathogenesis of gastric 
cancer. The infection occurs in more than half of the patients and seems to be 
linked to the intestinal tumour type with high differentiation. The presence in 
the younger age cohorts also suggests a pathogenetic role. Further studies to 
elucidate the exact pathophysiological mechanisms are, however, mandatory. 
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Increased Incidence of Helicobacter pylori 
in Gastric Cancer, as Shown 
by the Rapid Urease Test 

D. Boixedal, A.L. San Roman l , C. Martin de Argilal, R. Canton2 , 

C. Redondo 3, L.A. Gil Grande 1 , and L. de Rafael 2 

Introduction 

Nowadays it is widely accepted that Helicobacter pylori infection is the main 
etiologic factor in chronic gastritis type B (CGB). However, its contribution to 
the developement of gastric ulcer remains controversial. In vivo studies on 
gnotobiotic piglets [1, 2] and healthy humans [3, 4] have shown that a typical 
CGB picture can be reproduced by the ingestion of this microorganism. A 
further point supporting a relationship between H. pylori and CGB is the 
possibility of inducing a partial or complete histologic recovery of the disease 
after the clearance of bacteria by bismuth salts or antibiotics [5-8]. 

A correlation between gastritis and the possibility of developing gastric 
cancer (GC) has been consistently demonstrated, especially in areas where the 
prevalence of this neoplasms is high. However, this indirect relationship between 
H. pylori and gastric carcinogenesis has scarcely been investigated. 

Our proposal has been to assess the prevalence of H. pylori colonization in 
patients with endoscopically diagnosed and histologically confirmed GC in an 
area with a high incidence of GC [9]. 

Patients, Methods, and Materials 

Two cohorts of patients were studied. Group A included 30 cases of end­
oscopically diagnosed and histologically confirmed GC (25 adenocarcinomas, 
five undifferentiated neoplasms). Group B comprised 27 patients in whom no 
pathologic findings could be shown on gastroscopy nor on gastric biopsies. 
Twenty-four patients were male. Ages varied between 18 and 87 years. Both 
groups were similar as to age and sex distribution. In each case, gastric biopsies 
were processed following a classical routine. A further sample, obtained 2 cm 
proximal to the pylorus (or at 2 cm of the macroscopical tumor border, in cases 
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of pyloric invasion by neoplasia), was immediately placed in 1 cc of 10% urea 
solution in deionized water at pH 6.8 with two drops of phenol red, as described 
by Arvind [10]. A change in color from yellowish to red-pink at 3, 15, 30, and 
180 min or at 24 h was considered a positive result. In our experience this 
technique had a 81.53% sensitivity and a 100% specificity [l1J. 

Statistical Methods. The chi-square test was used to compare the presence of 
cancer with positivity or negativity of H. pylori in both groups. 

Results 

The rapid urease test was positive in 12 of 30 patients in group A (40%) but only 
in three of 27 normal controls (11.1 %) (p < 0.05). All five patients with 
undifferentiated GC showed a negative Arvind's urease test. 

Discussion 

A possible relationship between GC and H. pylori has scarcely been studied. 
However, current results permit us to conclude that H. pylori colonization is 
rare in GC patients, as compared to patients with gastritis. This microorganism 
cannot usually be detected on neoplastic tissue [12, 13]. Our results show a 
prevalence of 40% in H. pylori detection in GC patients and are in good 
agreement with those previously published. Other authors, however, have found 
a figure reaching 100% [14, 15J, although the number of patients in both studies 
was small [14, 15]. This low prevalence of H. pylori colonization in GC patients 
could be explained by microbial competence against intestinal flora which 
colonizes the hypochloridic neoplastic stomach. An accompanying diffuse 
intestinal metaplasia, a condition rarely associated with H. pylori [16J is found 
with increased frequency in GC patients. Scott et al. [17J recently reported on a 
family with a high prevalence of GC: five of eight siblings were shown to have at 
an early age ( < 30 years) an H. pylori-associated chronic atrophic gastritis, and 
three of them also showed intestinal metaplasia. According to the authors, 
H. pylori would play a role in the metaplastic transformation of the gastric 
epithelium. This high prevalence of H. pylori detection has also been shown in 
patients with chronic atrophic gastritis living in high-risk areas for GC [15, 18]. 

In summary, a possible role for H. pylori in gastric carcinogenesis remains to 
be established. Epidemiologic studies focusing on young patients in both low­
and high-risk areas, are urgently needed to elucidate any possible relationship to 
GC and/or to preneoplastic conditions. 
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Introduction 

Careful consideration of several factors is necessary if we are to arrive at a 
reasonable hypothesis in the evaluation of the pathogenic role of bacterial 
agents in the gastric mucosa, regarding both chronic inflammation and the later 
stages of atrophic gastritis and dysplasia. In many populations, diffusion of 
inflammation in the stomach is accompanied by the presence of H elicobacter 
pylori (HP) [2]. This in itself does not demonstrate that the bacillus has a causal 
role, but suggests a close association between it and a pathological picture 
which, albeit in a limited number of cases, may constitute the first step in the 
pathogenetic sequence leading to neoplasia [1]. 

Adequate pharmacological treatment often allows drastic reduction in the 
bacterial population along with a corresponding improvement of the trophic 
conditions of the mucosa. Complete eradication of this bacillus, however, is 
much more difficult [3, 8]. Once again, although this does not represent an 
argument in favour of its playing a causal role, there is suggestion that within the 
context of the chemical and physical restructuring of the mucosa under the 
effects of inflammation, the bacillus is capable of invading and adapting itself to 
the foveolar surface [7]. 

The difficulty in observing aggressive morphological pictures of the bacillus 
with respect to the cell, together with its frequent perpendicular arrangement in 
relation to the epithelial layer (almost lining itself up along a chemical gradient 
in correspondence with the intercellular connections), without in any way 
wishing to relegate the role of HP to a saprophytic one, could suggest a mutual 
adaptation of both the cell and the bacillus in the inflammatory process [4]. 

Finally, it is thought that the degree of inflammation in the presence of HP 
does not so much depend on the varying aggressiveness of different strains, but 
rather on the reactivity of the host and his or her exposure to extrinsic irritating 
agents, that is to say to those environmental factors so often cited in reference to 
the pathogenesis of cancer [1]. On the one hand, the wide variety of cell types 
present in the gastric mucosa implies different types of adaptation and reaction 
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to the inflammatory process; on the other hand, the hypothesis that progression 
of dysplasia towards neoplasia begins with multipotent elements of the foveolar 
neck partly redimensions this phenomenon. 

The relationship of the bacillus with cell glycocalix and the pericellular 
microenvironment may provide the key for correctly interpreting the role of HP. 
Hence, there is a need to start long-term studies on the relationship between pre­
and early neoplastic lesions of the gastric mucosa and HP. Since early gastric 
cancer (EGC) relies on the comprehension of the pathology and histogenesis of 
gastric cancer [5], we evaluated the presence and amount ofHP in specimens of 
EGC and its surrounding mucosa. 

Material and Methods 

We studied 23 surgical specimens of EGC. Formalin-fixed, paraffin-embedded 
samples were taken both from the neoplastic tissue and from the surrounding 
mucosa. Specimens were stained with haematoxylin and eosin, alcian blue-PAS 
and Gram staining for histological diagnosis and HP evaluation. The presence 
of spiral bacteria, observed on four superficial and three glandular high-power 
fields ( x 40), was confirmed at x 100 magnification. Their amount was evalu­
ated from + to + + +: +, few bacteria after careful search; + + , groups of 
bacteria in most fields; + + +, many bacteria in most high-power fields. The 
histological type of neoplasia was described according to Lauren's criteria [6]. 

Results 

H elicobacter pylori was not detected in any of the neoplastic tissue specimens. 
On the contrary, 16/23 (69.6%) specimens taken from the surrounding mucosa 
were HP-positive (eight cases score +, six cases score + + , two cases score + 
+ + ). As far as the histological type of neoplasia is concerned, HP was detected 

in specimens taken from the surrounding mucosa of both intestinal and diffuse­
type gastric cancer (Table 1). 

Table 1. Helicobacter pylori positivity in neoplastic tissue and in the 
surrounding mucosa according to Lauren's histological criteria 

Histological type 
Intestinal (18 cases) 
Mixed (1 case) 
Diffuse (4 cases) 

Neoplasia 
HP positive 

(n) 

o 
o 
o 

Surrounding mucosa 
HP positive 

(n) 

13 
o 
3 
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Discussion 

The long-established ability of HP, when ingested in sufficient quantity, to 
provoke acute gastritis, together with the complex and indirect relationship that 
it assumes in the pathogenesis of chronic gastritis and peptic ulcer determines 
the direction of study to find the relationship between HP and gastric cancer. 
The most likely hypothesis seems to be that the bacillus represents one of the 
many elements which react with each other and with gastric mucosa and which 
are capable of producing chemical and physical modifications in the micro­
environment by the alteration of epithelial cell proliferation and differentiation. 
Hence, the importance of the morphological relations between HP and the 
earliest lesions connected with the development of neoplasia. 

The presence of a large number of bacilli on the surrounding mucosa in the 
majority of cases of EGC studied by us is a preliminary indication. Further 
investigation is required to determine how much this phenomenon could 
depend on the microenvironmental modifications brought about by the neo­
plasia and leading to greater sensitivity to infection in the peripheral gastric 
mucosa, and how much it could depend on the intensification and extension of a 
pre-existing inflammatory process. 

To this end, it is also necessary to point out the absence of the bacillus in the 
neoplastic areas and, in the majority of cases, in the dysplastic mucosa. This 
could suggest that the bacillus effectively plays a role in the initiation of the 
neoplastic process. On the other hand, a high concentration of bacilli in healed 
peptic ulcers could represent not only a marker of risk of relapse, but could also 
be the effect of a reduction of mucosal defence mechanisms due to trophic 
alterations induced by a preneoplastic lesion. 

Here again it is important to consider the hypothesis of a relationship 
between morphological alterations of the various cellular lines (glandular, 
foveolar, endocrine) and the presence of bacilli in early neoplastic lesions. 
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Helicobacter pylori Prevalence in Patients 
with Severe Dysplasia of Gastric Epithelium 
and Associated Pathology 

H.K. Koch and K. Grillmeier 

Introduction 

Gastric cancer and dysplasia are often related to chronic gastritis [5]. Heli­
cobacter pylori infection has been implied as the main cause of type B gastritis in 
recent years [8, 13]. This raises the question of a causal role of H. pylori infection 
in the metaplasia/dysplasia/carcinoma sequence suggested by Correa in 1988 
[5]. Prevalence rates of H. pylori infection in patients with gastric cancer or 
gastric dysplasia have already been reported as being 25%-85% [1-4,6,7,12]. 
In addition, the coincidence of H. pylori infection, early manifestation of 
gastritis, and metaplasia was recently reported in a "gastric cancer family" [11]. 
To evaluate the significance of H. pylori infection in patients with gastric 
dysplasia, we studied the prevalence of H. pylori in patients with severe gastric 
dysplasia with reference to coexisting mucosal pathology. 

Material and Methods 

Cases of severe gastric dysplasia from the years 1988 and 1989 were retro­
spectively analyzed. Only cases without already manifest carcinoma were 
studied. Gastric dysplasia was diagnosed and classified according to the con­
sensus criteria laid down in 1984 [10]. A total of 120 patients with severe gastric 
dysplasia were evaluated for the presence of H. pylori by screening the slides 
with a high-power dry objective (x 63) followed by oil immersion (x tOO) 
whenever a doubtful result was obtained. H. pylori-positive and -negative 
patients were further analyzed for the type of coexisting gastritis, intestinal 
metaplasia, lymphoid hyperplasia, gastric ulcer, or polypoid lesions. The 
H. pylori prevalence associated with these lesions in patients with severe gastric 
dysplasia was compared to prevalence rates associated with these lesions found 
in patients without dysplasia. 

Results 

Severe gastric dysplasia was observed in antral biopsies of 69 patients (57.5%, 
male = 39, female = 30), in fundic biopsies of 38 patients (31.7%, male = 25, 
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female 19) and in the operated stomach of 13 patients (10%, male = 9, 
female 4) either at the anastomosis (ten patients) or in the gastric stump. 
H. pylori was microscopically demonstrated in 57 patients (47.5%). In another 
ten patients (8.3%) the presence of bacteria could not be ruled out since the 
biopsies displayed only dysplastic or metaplastic epithelia where H. pylori might 
not be able to grow. No difference was observed in the age or sex distribution of 
patients with severe gastric dysplasia with or without H. pylori infection (Table 
1 ). 

A higher rate of H. pylori infection in patients with severe gastric dysplasia 
was found associated with active gastritis, lymphoid hyperplasia, gastric ulcer, 
and intestinal metaplasia (Table 2). Intestinal metaplasia was mostly of the 

Table 1. Mean age and sex distribution in patients with severe gastric dysplasia with or without 
H. pylori infection or where H. pylori infection could neither be ascertained nor ruled out 

Total patients Male Female 

Mean age Mean age Mean age 
n (years) n (years) n (years) 

H. pylori positive 57 70 36 69 21 73 
H. pylori negative 53 70 31 67 22 73 
H. pylorim 10 69 6 70 4 67 
Total 120 73 47 

Table 2. H. pylori prevalence with regard to different lesions coexistent with severe dysplasia. 

Associated lesion Patients H. pylori positive H. pylori negative H.pylorim 
(n) n (%) n (%) n 

Active chronic gastritis 86 44 51.2 36 41.8 6 
Inactive chronic gastritis 16 5 9 2 
Metaplasia 63 33 50.8 30 46.2 2 
Lymphoid hyperplasia 22 13 59.1 8 36.4 1 
Gastric ulcer 34 18 52.9 14 41.2 2 
Polypoid lesion 14 4 8 2 

Table 3. Comparison of H. pylori prevalence associated with different lesions in patients with and 
without dysplasia (From [8] ) 

Associated lesion 

Active chronic gastritis 
Inactive chronic gastritis 
Metaplasia 
Lymphoid hyperplasia 
Gastric ulcer 

Total 
(n) 

86 
16 
65 
22 
34 

Patients with 
dysplasia 

H. pylori positive 
(n) (%) 

44 51.2 
5 31.2 

33 50.8 
13 59.1 
18 52.9 

Patients without 
dysplasia 

Total H. pylori positive 
(n) (n) (%) 

379 304 80.2 
157 86 54.8 
186 127 68.3 
175 145 82.8 
134 88 65.7 
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incomplete type both in patients with (n = 31) and without (n = 29) H. pylori 
infection. 

Comparing the H. pylori infection rate associated with different mucosal 
lesions in patients with or without gastric dysplasia, it was found that patients 
with severe gastric dysplasia had a substantially lower percentage of infection 
regardless of the type of lesion (Table 3). 

Discussion 

The H. pylori infection rate in gastric cancer or dysplasia has been reported to be 
25% and 85% [4, 7]. More recent studies still differ considerably, stating 
prevalence rates from 32% [6], 59% [12], and 70% [1] in patients with gastric 
cancer. Our results gave an H. pylori infection rate of 47.5% in patients with 
severe gastric dysplasia which may be considered a precursor of gastric cancer 
[9, 10]. If those patients in whom neither exclusion nor verification of H. pylori 
infection could be confirmed were simply included, an H. pylori prevalence of 
56% can be assumed. 

Judging from epidemiological parameters such as age and sex distribution, 
patients with severe gastric dysplasia and H. pylori infection were not different 
from patients without H. pylori infection. 

The patients with severe dysplasia and H. pylori infection more often had 
active gastritis, lymphoid hyperplasia, and gastric ulcer. However, when 
H. pylori prevalence for these lesions was compared in patients with or without 
gastric dysplasia, it was seen that the prevalence was always significantly lower 
in patients with severe gastric dysplasia. This was still true even when the 
patients with questionable H. pylori infection status were simply added to the 
H. pylori positive patients. Patients with severe gastric dysplasia (mean age 70 
years) were older than the patients without gastric dysplasia cited for com­
parison [8] of prevalence rates (mean age 50 - 60 years). 

Since the prevalence of H. pylori infection generally increases with age [13], 
the lower infection rates in patients with severe dysplasia are even more 
confounding. These results are not suggestive of a causative role of H. pylori 
infection in gastric carcinogesis. If H. pylori infection plays any role, it is 
probable that this effect lies with an early event and is followed by changes in the 
gastric milieu which may hamper the growth of the organisms. 

In this context it is very interesting indeed that a declining prevalence of 
H. pylori infection may also be seen when cases of early and manifest advanced 
gastric cancer are compared [3]. 
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Gastric Cancer and Helicobacter pylori 

P. Correa 1 and J. Fox 2 

Chronic atrophic gastritis has been identified as a precursor of gastric cancer 
[1]. Since Helicobacter pylori is a cause of chronic gastritis [2], the possible role 
of H. pylori infection in gastric carcinogenesis deserves attention. This has been 
investigated in populations with different risks of gastric cancer in Colombia 
and New Orleans (USA). 

Material and Methods 

In Colombia, sera were obtained from adult patients on whom gastric biopsies 
were done at the gastroenterology clinics of the Hospital Departamental of 
Pasto, Nariiio, and the University Hospital of Cali. In New Orleans, serum 
samples were obtained from normal adults seen at Louisiana State University's 
(LSU) Dental School for routine dental care. These individuals represent the 
lower middle classes of the city. In New Orleans serum samples were also 
obtained from children receiving medical care for diseases unrelated to the 
gastrointestinal tract at Charity Hospital and Children's Hospital. Charity 
Hospital is a state institution providing medical care predominantly for black 
patients of low socioeconomic strata. Children's Hospital is a private institution 
which provides medical care for predominantly middle-class white and black 
patients. 

In Colombia, patients from Nariiio (Pasto) represent a population at very 
high risk of gastric cancer (over 100 per 100000) while patients from Cali 
represent a population at intermediate risk (around 50 per 100000 in males). In 
New Orleans, blacks have a cancer incidence rate which is approximately 
double that of whites (16 vs. 7.3 per 100000 males). 

Immunoglobulin G anti-Helicobacter antibodies were assayed by an en­
zyme-linked Immunosorbent assay (ELISA) method previously published [3]. 
Gastric biopsies were evaluated according to histopathologic parameters pre­
viously published [4]. 
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Results 

Table 1 shows the prevalence of H. pylori-positive patients 35-84 years of age, 
by locality and histologic diagnosis. There were no subjects with normal 
histology in this series. The cases with superficial gastritis had a similar 
prevalence of anti-H. pylori antibodies in Narifio and Cali (75%-70%). There 
was, however, a statistically significant difference between patients with multi­
focal atrophic gastritis (MAG) in Pasto (93%) compared to Cali (67%). MAG 
includes patients with gastric atrophy (gland loss), with or without intestinal 
metaplasia. 

Table 2 shows the prevalence of H. pylori antibodies in "normal" subjects 
attending the University's dental school clinic. A significantly higher prevalence 
is seen in blacks. The rate in whites is somewhat higher than other series, 
probably reflecting a somewhat lower socioeconomic status in the New Orleans 
sample. 

Table 3 shows the prevalence of H. pylori infection in New Orleans children. 
At Charity Hospital a relatively high proportion of children are born with 
H. pylori antibodies, indicating transplacental transfer of maternal antibodies. 
Older children attending Charity Hospital also shows a relatively high pre­
valence, more pronounced in blacks than in whites. These prevalence rates are 

Table 1. Prevalence of IgG H. pylori antibody positivity in Col-
ombian patients, 35-84 years of age 

SG MAG 

p p 
T T 
(n) (n) (%) (n) (n) (%) 

Cali 10 7 70 12 8 67 
Narino 4 3 75 15 14 93 

SG, superficial gastritis; MAG, multifocal atrophic gastritis; T, 
total examined; P, positive for H. pylori 

Table 2. Prevalence of IgG H. pylori 
antibody positivity in subjects aged 35-
84 years attending LSU dental school, 
by race 

White 
Black 

T 
(n) 

85 
85 

(n) 

50 
67 

P 

(%) 

59 
79 

T, total examined; P, positive for 
H. pylori. 
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Table 3. Prevalence of IgG H. pylori antibody positivity in New Orleans children, by age, race, and 
hospital 

Charity Children's 
Age Hospital Hospital 

White Black White Black 

P P P P 
T T T T 
(n) (n) (%) (n) (n) (%) (n) (n) (%) (n) (n) (%) 

0-5 months 9 4 44 38 16 48 
6 months-

9 years 3 1 33 34 19 56 42 12 28 22 6 27 
10-18 years 15 8 53 37 25 67 8 0 0 11 2 18 

higher than those seen at Children's Hospital, especially when black children of 
the two institutions are compared. 

Discussion 

The intent ofthis investigation was to examine any possible correlation between 
H. pylori infection, as reflected in IgG serum antibodies, and the risk of gastric 
cancer. Serum samples were therefore obtained from populations with contrast­
ing gastric cancer risks. The results clearly show that the prevalence of H. pylori 
infection was positively correlated with gastric cancer risk in Colombia and 
New Orleans. Histopathologic examination of gastric biopsy specimens from 
Pasto frequently revealed a massive infection, not seen in the New Orleans 
material. 

A high prevalence of H. pylori infection has been reported from other 
populations with high gastric cancer risk such as Peru [5, 6] and China [7, 8]. In 
New Orleans a positive correlation was found between H. pylori infection 
prevalence and cancer risk when blacks were compared with whites. This 
correlation, however, appeared to be confounded by socioeconomic factors. Our 
findings indicate that socioeconomic conditions rather than race are the over­
riding forces influencing H. pylori infection, as clearly shown in the data for New 
Orleans black children. Similar conclusions can be reached with data from other 
countries such as Madagascar, where the blacks have lower socioeconomic 
conditions and higher H. pylori prevalence but low gastric cancer rates [9]. The 
prevalence rates reported here for white adults are much higher than other series 
from the United States, Australia, and Europe [10] in which the prevalence was 
around 30%. This is probably another indicator of the influence of socio­
economic factors, since our New Orleans white population represented a lower 
socioeconomic stratum. Low socioeconomic status is usually associated with 
higher gastric cancer risks. 

Epidemiologic studies based on the detection of antibodies against H. pylori 
in serum samples have confirmed a high degree of correlation with gastric cancer 
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rates. The prevalence of IgG antibodies against H. pylori in 1882 Chinese men 
was correlated [8] with cancer mortality rates of the 46 rural counties they 
represented. No significant correlation was found between H. pylori antibodies 
and cancer rates, with the only exception of gastric cancer, for which a 
significant (2p = 0.02) correlation coefficient of 0.34 was found. A cohort study 
in England [11] has shown that the prevalence of IgG anti-Helicobacter 
antibodies was 69% in subjects who years later developed gastric cancer, 
compared to 47% in matched controls, yielding a statistically significant relative 
risk of 2.77. Studies of seroepidemiology have consistently found that, in 
populations at high gastric cancer risk, the prevalence ofthe infection in children 
is higher than in populations oflow risk [12]. Early infection with H. pylori may 
result from overcrowding. Housing patterns in childhood have been found 
positively correlated with gastric cancer death rates, leading the authors to state 
that overcrowding at home during childhood "might act by promoting the 
transmission of causative organisms" [13]. The influence of socioeconomic 
factors on H. pylori infection in childhood is shown by our study in New 
Orleans, where both cancer rates and H. pylori antibody prevalence are higher 
in blacks than in whites. 

It is well known that H. pylori does not colonize cancer cells, and it follows 
that the prevalence in cancer cases represents colonization in the remaining 
foveolar epithelium of the stomach. A study of gastrectomy specimens from 
California [14] found that the prevalence of H. pylori infection in the mucosa 
surrounding gastric carcinomas of the intestinal (or "epidemic") type was 89%, 
compared to 32% for carcinomas of the "diffuse" type [14]. The difference was 
statistically highly significant. This strong association of H. pylori infection with 
the intestinal type of gastric cancer, which greatly exceeds the prevalence in 
normal populations in the United States provides additional support for a role 
of H. pylori in the gastric carcinogenic process. 

The prevalence of H. pylori infection in children is infrequent, around 3% in 
England [12] and other countries with low gastric cancer rates [10]. It is, 
however, high in populations with a high gastric cancer risk [15]. This led to the 
suggestion that such infection may increase the risk of gastric cancer [16]. That 
H. pylori infection is not a sufficient cause of cancer is indicated by the high 
prevalence of infection in populations with a low gastric cancer risk such as 
Madagascar [9] and the Ivory Coast [15]. Additionally, patients with duodenal 
ulcer and diffuse antral gastritis, who have a very high prevalence of H. pylori 
infection, are not known to be at increased risk of gastric cancer. It thus appears 
that other factors are needed to induce gastric cancer. Genotoxic agents, whose 
role could be potentiated by factors which increase the rate of proliferation of 
the gastric mucosa, have been suggested. H. pylori is considered a causal agent in 
chronic gastritis in which epithelial hyperplasia is one of the characteristic 
histologic changes. Atypical hyperplasia observed in Peruvian patients with 
massive H. pylori infection regressed after bismuth therapy [5, 6]. Therefore 
H. pylori may be considered as adjuvant or co-factor in gastric carcinogenesis, 
and it may play an important role in populations where other etiologic factors 
are present. Given the interdependency of etiologic factors in the gastric 
carcinogenic process [1], it is possible that controlling H. pylori infection could 
decrease the effectiveness of other carcinogenic agents. Its role may be mediated 
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through stimulation of epithelial hyperplasia (hyperproliferative state). A hyper­
proliferative state has been previously documented in precursor lesions of 
gastric cancer. It has also been shown that hyperproliferating cells express 
abnormal fetal antigens, indicators of partial loss of differentiation [17]. There­
fore H. pylori may increase the gastric cancer risk in populations with a high 
prevalence of such precursor lesions as chronic atrophic gastritis, intestinal 
metaplasia, and dysplasia. 
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Role of Helicobacter pylori 
in Gastric Carcinogenesis: Future Prospects 

P. Correa 

The role of H elicobacter pylori in human disease seems to become more complex 
as the scientific scrutiny intensifies. The original skepticism about the patho­
genicity of the bacteria has largely been overcome. Few investigators or 
clinicians today doubt that H. pylori is an important cause of chronic gastritis. 
Since gastritis has been linked to gastric carcinoma in several epidemiologic 
studies, the role of H. pylori in gastric carcinogenesis is under scrutiny. So far, 
the epidemiologic findings have been remarkably consistent in favoring a causal 
relationship between this rather recently recognized bacteria and one of the 
oldest and more fatal neoplastic diseases of mankind. 

The epidemiologic enquiry has progressed from descriptive studies which 
reported positive correlations between prevalence of infection and cancer rates 
to analytical case-control studies which reported an elevated relative risk of 
gastric cancer in subjects infected with H. pylori, and finally to prospective 
studies in which the prevalence of infection was found excessive in subjects who, 
many years later, developed gastric carcinoma. 

What lies ahead almost certainly is an enthusiastic scientific pursuit to 
explore the phenomenon further. The best proof of causality could be provided 
by intervention studies aimed at curing or preventing the infection, expecting a 
decrease in cancer rates. These studies might be almost impossible, given the 
very prolonged latency of the neoplastic process. As a substitute for a cancer 
end-point, intermediate end-points in the neoplastic process could be used, such 
as intestinal metaplasia and dysplasia of the gastric mucosa. 

The possible mechanisms by which H. pylori may increase gastric cancer 
frequency will most probably be the subject of intensive scientific investigation. 
At the moment such mechanisms are unknown. Several apparent negative 
findings have been pointed out, such as the fact that the bacteria do not reduce 
nitrate to nitrite, a suspected carcinogen precursor. Another peculiar negative 
observation is that the bacteria do not colonize the intestinalized epithelium, 
which seems the most frequent site of origin of neoplastic cells. Possible 
pathogenic mechanisms which deserve scientific explanation are: (a) the role of 
H. pylori in increasing cell replication; (b) the release of mutagenic oxygen 
radicals by polymorphonuclear leukocytes; (c) the in situ formation of 
N-nitroso compounds. Research along those lines is in progress and should 
appear in future publications. 

Department of Pathology, Louisiana State University Medical Center, New Orleans, LA 70112, 
USA 

1.M. Pajares et aI. (Eds.) 
H. pylori and Gastroduodenal Pathology 
© Springer-Verlag Berlin Heidelberg 1993 
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Epidemiology of Helicobacter pylori Infection 
in Pediatrics: A Serologic Study 

C. De Giacomo 

Introduction 

Helicobacter pylori infection has been demonstrated in children from all con­
tinents. Data regarding the prevalence of the infection in children are derived 
from endoscopic series [1]. Since children undergoing endoscopy represent a 
highly selected population, this is a rough indication of the occurrence of the 
organism in childhood. Noninvasive methods such as serology are more suited 
for epidemiologic studies. 

To evaluate the prevalence of the infection we measured antibody response 
to H. pylori using an enzyme-linked immunosorbent assay (ELISA) in children 
and adolescents. To study the spread of the infection within families of infected 
children, we evaluated sera from relatives of children with H. pylori infection. 

Material and Methods 

Serum Samples 

We evaluated the presence of antibodies against H. pylori in 150 children and 
adolescents (age range 6 months-16 years) regardless of the presence of chronic 
dyspepsia (defined as upper abdominal or retrosternal pain, discomfort, heart­
burn, and vomiting lasting for more than 4 weeks [2]). We evaluated sera from 
47 relatives (19 mothers, 13 fathers, ten sisters, and five brothers) of 19 H. pylori­
infected children. 

Enzyme-Linked Immunosorbent Assay 

An ELISA using a suspension of six isolates of H. pylori from different antral 
biopsies was developed as antigen [3]. Briefly, plates were coated with whole 
bacterial cells by means of methylglyoxal. Serum samples were added after 
1: 30000 dilution for IgG and 1: 300 dilution for immunoglobulin A (IgA) assay, 
respectively. IgG- or IgA-specific peroxidase-conjugated rabbit anti-human 
immune globulins (DAKO) were added after preadsorbtion with a H. pylori 
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suspension. Colour reaction was obtained with a O-phenylenediamine solution 
and read at 492 nm. Antibody levels were expressed in standard units referring 
to a standard curve based on progressive dilutions of a serum with high specific 
antibody activity. To evaluate the specificity of the ELISA, sera were also tested 
against a pool of Gram-negative bacteria. 

Cut-off points were established in testing serum samples from 47 children (22 
with H. pylori infection) undergoing upper digestive endoscopy with antral 
biopsy. An efficacy of 87% and 85% for IgG and IgA, respectively, was 
obtained. Sensitivity and specificity were 82% and 92% for IgG and 75% and 
92% for IgA. 

Combination of IgG and IgA seropositivity allows an increase in the positive 
and negative predictive value of the assay: both IgG and IgA seropositivity in 
the same child represents a 100% positive predictive value [3]. 

Results 

Immunoglobulin seropositivity was found in 18 of 150 children, while IgA 
seropositivity was present in 19. Increased titres of both anti-H. pylori IgG and 
IgA in the same child were found in ten children. The infection may be 
considered unusual before 10 years of age. The prevalence of seropositivity in 
children increases with age (Table 1). 

Table 1. Distribution of sera with IgG, IgA, and both IgG and IgA antibodies specific to H. pylori in 
various age groups. Numerators indicate the numbers positive by ELISA while denominators 
indicate the numbers tested in each group. 

Age groups (years) 
Total 
(n) (%) <2 <4 <6 <8 <10 < 12 < 14 

IgG 18/150 12 1/8 1/11 2/22 1/5 0/19 3/30 
positivity 

IgA 19/150 12.6 1/8 1/11 0/22 0/15 2/19 3/30 
positivity 

IgG and IgA 10/150 6.6 0/8 0/11 0/22 0/15 0/19 2/30 
positivity 

Table 2. Distribution of sera with IgG, IgA, and both IgG and IgA antibodies 
specific to H. pylori in parents and siblings over 6 years of 18 children with 
H. pylori infection 

Fathers Mothers Brothers Sisters 
(n = 13) (n = 19) (n = 5) (n = 10) 

IgG positivity 10 17 4 5 
IgA positivity 8 18 3 5 
IgG and IgA positivity 7 16 3 4 
Absence of IgG and IgA 2 0 2 3 

4/19 

3/19 

2/19 

< 16 < 18 

2/10 4/16 

4/10 5/16 

2/10 4/16 
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Of32 parents 30 (94%) and 10 of 15 siblings (66%) had specific antibodies in 
their serum (Table 2). All mothers in our series showed IgG or IgA seropositiv­
ity. Two fathers were negative for specific IgG and IgA. Two of five brothers and 
three of ten sisters were seronegative. In total, 14 of 18 males and 26 of 29 
females showed IgG or IgA seropositivity (Table 2). 

Discussion 

Helicobacter pylori colonization of the gastric antrum has been found in 
10%-31 % of children examined by different pediatric endoscopic services [4, 
5]. Differences between the many studies are mainly due to the methodology of 
the survey (retro- or prospective) and the selection of patients [1]. In spite of 
these discrepancies, infection has been always found in chronic antral gastritis, 
in association or not with peptic ulcers. A true prevalence of the infection in the 
pediatric population may be available only by means of noninvasive techniques 
such as serology. 

Complement fixation tests, passive hemagglutination, ELISA, and immuno­
blot techniques have been employed to evaluate the specific immune response 
against H. pylori [6]. Although ELISA was the most diffuse method, a difference 
in the antigenic preparation results in different sensitivity and specificity [6]. 
Two different studies indicate that H. pylori antibodies are present in 3%-5% of 
healthy children and adolescents [7, 8]. No specific antibodies were detected 
before 9 years of age in another series [9]. Evaluation of 10-19-year-old 
adolescents showed an overall rate of seropositivity of 15.8% [10]. We report 
here the distribution of seropositivity for IgG and IgA in various pediatric age 
groups. A 100% positive predictivity of infection was found in ten of 150 (6%) 
children and adolescents unselected for digestive complaints. The infection may 
be considered as unusual before 10 years of age. As in adults, the prevalence of 
seropositivity increases with age [7]. 

Serologic evaluation of the families with infected members have given 
opposing conclusions in different studies. Antibody response to H. pylori was 
found with increased prevalence in families of index children [11]. Successive 
studies on household contacts of infected patients did not confirm intrafamilial 
diffusion [12]. Recently, specific antibodies were detected in 73.5% of 34 parents 
and 82% of 22 siblings of colonized children [13]. Our study confirms that the 
prevalence of antibody in relatives of index children is significantly higher than 
in adult and pediatric series. These data provide further evidence that H. pylori 
is spread by close personal contact. 
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Prevalence of Antibody to Helicobacter pylori 
in Children in Northern Nigeria 

C. Holcombe 1 , S. TsimirP, J. Eldridge 2 , and D.M. Jones 1 

Introduction 

Helicobacter pylori infection is uncommon in children in the West [1], but it is 
important to remember that H. pylori infection has a worldwide distribution. 
The social, cultural and environmental influences on populations in the devel­
oping world are very different and have a profound effect on the infection 
profile. 

In a random serological survey we established that 178 of 212 (85%) adult 
subjects in northern Nigeria had IgG antibodies to H. pylori [2]. These levels of 
infection were confirmed endoscopically in 40 asymptomatic volunteers, 31 
(77%) of whom were infected by H. pylori [3]. In contrast to the infection profile 
in the West, the prevalence of infection did not vary with age, suggesting that 
infection is acquired before the age of 20. As a result of these initial studies, we 
went on to measure antibodies to H. pylori in children to determine the age at 
which infection is acquired and thereby to define the infection profile of this 
population. 

In considering the aetiological significance of H. pylori, it is vital to consider 
the prevalence of infection in the population and the age at which it is acquired. 
If most people are infected from early childhood and yet remain asymptomatic, 
it is difficult to postulate a significant pathological role for H. pylori in this 
environment. 

Background 

Maiduguri lies in the Sahel of north-eastern Nigeria, just south of the Sahara 
desert. The climate is hot and dry, most of the population are Muslim, rural, 
subsistence farmers. People live in extended families in what would be consider­
ed cramped conditions by Western standards, often without running water or 
adequate facilities for disposal of sewage. 
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Table 1. Comparison of patients with and without antibodies to 
H. pylori 

Diagnosis H. pylori H. pylori 
positive negative 

(n) (%) (n) (%) 

Pneumonia 10 5 
Unknown 7 0 
Parasites 4 0 
Malaria 4 2 
Diarrhoea and vomiting 4 8 6 31 
UTI 2 1 
Sickle cell disease 2 0 
Glomerular nephritis 0 2 
Marasmus 1 1 
Miscellaneous 14 2 
Total 48 19 
Sex Male 29 13 
Female 19 6 
Antibiotic intake 16 33 7 36 
Abdominal pain 3 6 1 5 

Methods 

In a random serological survey serum was taken from children aged 10-19 
years. Further samples were taken from children aged 0-10 years who were 
inpatients at the University of Maiduguri Teaching Hospital and had been 
admitted with a variety of common paediatric conditions (Table 1), each had a 
standard proforma completed and 5 ml serum was taken. 

Immunoglobulin G (IgG) antibodies to whole cell H. pylori antigen were 
measured using a standard enzyme-linked immunosorbant assay (ELISA) 
previously validated [1]. Sera were absorbed with Campylobaeter jejuni prior to 
testing for antibodies to H. pylori. The optical density for validated negatives 
was determined on the basis of optical densities obtained in patients known to 
be H. pylori positive on the basis of culture and histological examination of 
gastric mucosal biopsies. 

Results 

Of the 43 randomly chosen children aged 10-19 years, 39 (91 %) had IgG 
antibodies to H. pylori. Seven of these children (16%) had experienced dyspepsia 
in the preceding 6 months, all of these seven had IgG antibodies to H. pylori. 

One hundred children under the age of 10 years were tested and 69 (69%) 
had IgG antibodies to H. pylori. There is a trend to increasing levels of antibody 
with increasing age, but this does not reach statistical significance (Table 2), even 
22 of 38 (58%) subjects under 1 year of age had antibodies to H. pylori. 
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Table 2. H. pylori infection according to age 

Age Positive Negative Total 
(n) (%) (n) (%) (n) 

0- 5 months 6 50 6 50 12 
6-11 months 16 61 10 39 26 

1 year 10 71 4 29 14 
2 years 6 86 1 14 7 
3 years 5 71 2 29 7 
4 years 1 100 0 1 
5 years 3 75 1 25 4 
6 years 6 75 2 25 8 
7 years 4 67 2 33 6 
8 years 4 77 2 33 6 
9 years 8 89 1 11 9 

Total 69 69 31 31 100 
10-19 years 39 91 4 9 43 

Complete clinical details are available in 67 of those aged 0-9 years (Table 
1). There were no significant differences in the medical diagnoses, antibiotic 
intake, amount of diarrhoea or abdominal pain between subjects who did and 
did not have antibodies to H. pylori (Table 1). 

Discussion 

These results are strikingly different from the West, with a prevalence of 
antibodies to H. pylori of 69% under 10 years compared to a prevalence of only 
3% in the West [4]. In northern Nigeria 91 % of teenagers have antibodies to 
H. pylori compared to only 18% in the West [1J (Fig. 1). In no population has a 
higher prevalence of antibodies in children been recorded, and this is all the 
more important in view of the apparent lack of pathological effects. 

There is a distinctive infection profile for H. pylori in Africa, with high levels 
of antibodies acquired at a young age in all populations studied [4-6]. The 
source of H. pylori and mode of transmission is unknown, although circum­
stantial evidence suggests that person-to-person spread is most likely [7J. Most 
children in northern Nigeria are members of an extended family, often in 
crowded conditions, without running water or adequate facilities for sewage 
disposal, conditions in which infection could easily spread from person to 
person. 

This high prevalence of antibodies has been shown by endoscopic studies to 
be due to active H. pylori infection and, as in the West, is associated almost 
invariably with antral gastritis in both dyspeptic patients [5, 6J and asympto­
matic controls [3]. 

There were no significant differences between those with and without 
antibodies to H. pylori. In those with antibodies only three (4%) had diarrhoea, 
whereas five (26%) of those without antibodies had diarrhoea. There was only 
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Fig 1. Prevalence of antibodies to H. pylori according to age. Black squares, N. Nigeria [2J ; white 
squares, France [4] 

one patient with malnutrition in each group. Antibiotics had been taken by 18 
(20%) of those with antibodies and seven (39%) of those without. Three (6%) of 
those with antibodies had abdominal pain as did one (5%) without antibodies. 
Our overwhelming impression has been of very high levels of H. pylori infection 
in every group tested and at every age, whether patients with peptic ulcer and 
non-ulcer dyspepsia [8, 9J, asymptomatic controls [3J or children. 

These children do not seem to present with adverse effects caused by their 
H. pylori infection, and treatment in this environment would be rarely, if ever, 
justified. Not only is the organism difficult to eradicate [lOJ and the treatment 
expensive, but the re-infection rate is unknown. However, it is likely to be high 
when other family members are infected, as demonstrated by Collins et al. [11]. 

Conclusion 

The clinical significance of H. pylori infection is unclear; however, it is·clear that 
over three quarters of the population in northern Nigeria are infected by 
H. pylori for most of their lives with apparently few consequences. This is all the 
more striking as this study was carried out in an area where both peptic ulcer 
[12J and gastric cancer [13J are uncommon. 



Prevalence of Antibody to H. pylori in Children in Northern Nigeria 255 

References 

1. Jones DM, Eldridge J, Fox AJ, Sethi P, Whorwell PJ (1986) Antibody to the gastric Campylo­
bacter-Iike organism ('Campylobacter pyloridis')-c1inical correlations and distribution in the 
normal population. J Med Microbiol 22: 57-62 

2. Holcombe C, Omotara BA, Eldridge J, Jones DM (1992) The commonest bacterial infection in 
Africa. Helicobacter pylori: A random serological survey. Am J Gastroenterology 87 (1):28-30 

3. Holcombe C, Kaluba J, Lucas SB (1991) Non-ulcer dyspepsia in Nigeria: a case control study. 
Trans R Soc Trop Med Hyg 4:553-555 

4. Megraud F, Brassens-Rabbe MP, Denis F, BeIbouri A, Hoa DQ (1989) Seroepidemiology of 
Campylobacter pylori in various populations. J Clin Microbiol 27 (8) 1870-1873 

5. Rouvroy D, Bogaerts J, Nsengiumwa 0, Omar M (1987) Campylobacter pylori, gastritis and 
peptic ulcer disease in central Africa. Br Med J 295: 1174 

6. Weir WRC, Goodgame R, Kiire CF, Lucas SB (1988) Campylobacter like organisms and 
gastritis in Africa. Trans R Soc Trop Med Hyg 82: 172 

7. Mitchell HM, Lee A, Bohane TD (1989) Evidence for person to person spread of Campylobacter 
pylori. In: Rathbone BJ, Heatley RV (eds) Campylobacter pylori and gastroduodenal disease. 
Blackwell, London, pp 197-202 

8. Holcombe C, Lucas SB, Umar H, Abba A (1990) Helicobacter pylori ( = Campylobacter) in 
Africa. Trans R Soc Trop Med Hyg 84 (2):294-296 

9. Holcombe C, Lucas SB, Thorn C (1990) Helicobacter pylori and Non-ulcer dyspepsia in 
Northern Nigeria. Rev Rsp Enferm Dig 78 (1):71 

10. Holcombe C, Thorn C, Kaluba J, Lucas SB (1991) Helicobacter pylori clearance in the treatment 
of non-ulcer dyspepsia. Ailmentary Pharmacology & Therapeutics 6 (1): 119 

11. Collins R, Patchett S, Keane C, O'Norain C (1991) Reinfection with Helicobacter pylori due to 
intrafamilial clustering of the organism. Rev Esp Enferm Dig 78 (1): 9 

12. Tovey FI, Tunstall M (1975) Duodenal ulcer in black populations in Africa south of the Sahara. 
Gut 16:564-576 

13. Holcombe C, Babayo U (1991) The pattern of malignant disease in North East Nigeria. Trop 
Geogr Med 43 (2): 189-192 



Prevalence of Immunoglobulin G Antibodies 
to Helicobacter pylori in Mothers of Newborns 
with Upper Gastrointestinal Bleeding 

O. SangalettP, R. Tornaghi 2 , M. Petrillol, M. Fontana 2 , 

and G. Bianchi Porro 1 

Introduction 

In recent years, a reduction in the diameter of the fiberoscope has made possible 
endoscopic exploration of the digestive tract in very small infants [1]. Neonatal 
gastrointestinal endoscopy has shown the occurrence of ulcerated lesions of the 
stomach and duodenum as a cause of upper gastrointestinal haemorrhage in 
newborns [2-4]. With few exceptions-severe stress caused by sepsis, asphyxia, 
etc - the aetiology of ulcerated lesions in newborns is unknown. H elicobacter 
pylori (HP) infection has been recognized as the cause of type B gastritis in 
adults [5] and in children [6], and also as a possible pathogenetic factor of 
peptic ulceration, being found in the gastric antrum of 90%-100% of patients 
with duodenal ulcer [7] and in 60%-80% of those with gastric ulcer [8]. 

The determination of immunoglobulin G (IgG) antibody levels against HP 
has been shown to provide a good and non-invasive method to evaluate the 
presence of HP infection [9, 10]. To explore the possibility that maternal HP 
infection might be a risk factor for the development of upper gastrointestinal, 
lesions in newborns, we looked for IgG antibodies to HP in a group of mothers 
of newborns with gastrointestinal bleeding and in a control group of mothers of 
healthy newborns. 

Pati~nts and Methods 

The sera of 30 newborns and their respective mothers were tested for IgG 
against HP. Seventeen newborns had an upper gastrointestinal haemorrhage 
within 24 h of birth: the endoscopical examination showed the presence of 
multiple superficial erosions and ulcers of the gastric body and fundus. The 
control group included 13 healthy newborns and their mothers. In both groups, 
samples of sera were taken simultaneously from mothers and newborns within 
24 h of birth. 

Immunoglobulin G levels were measured by enzyme-linked immunosorbent 
assay (ELISA) (G.A.P. Test, BIO-RAD Laboratories, Segrate, Milan, Italy). All 
of the samples were diluted 1: 200 and assayed simultaneously: the antibody 

IGastrointestinal Unit, L. Sacco Hospital, Via G.B. Grassi 74, 20157 Milan, Italy 
2 Pediatric Unit, University of Milan, Milan, Italy 

1.M. Pajares et al. (Eds.) 
H. pylori and Gastroduodenal Pathology 
© Springer-Verlag Berlin Heidelberg 1993 



Prevalence of Immunoglobulin G Antibodies to H. pylori 257 

titres were determined at an optical density (OD) of 405 nm. The sensitivity and 
the specificity of the test were 80% and 100%, respectively. The antibody 
activity was expressed as OD and samples with OD above 0.150 were consider­
ed as positive. 

Statistical analysis was performed by means of the chi-square test, 
Wilcoxon's sum rank test and Spearman's rank correlation as and where 
appropriate. 

Results 

Table 1 shows the prevalence of HP antibodies in the two groups examined: 
Nine of 17 (52.9%) mothers of newborns with upper gastrointestinal bleeding 
and seven of 13 (53.8%) mothers of healthy newborns had antibodies against 
HP. The difference was not statistically significant. No differences were found 
when the levels of HP antibodies of mothers of newborns with or without upper 
gastrointestinal haemorrhage were compared (Table 1): the median values were 
0.569 and 0.431, respectively (p > 0.05). Only the newborns of mothers with the 
presence of serum IgG to HP showed antibodies (Fig. 1), and there was a good 

Table 1. Prevalence and amount of Helicobacter pylori antibodies in mothers 
of newborns with upper gastrointestinal bleeding and in mothers of healthy 
newborns 

Mothers of newborns with 
gastrointestinal bleeding 

Mothers of healthy newborns 

1.0 

00 

.. • .. 
% .. 
o 
~ 

0.5 

0.5 
NEWBORNS 

Prevalence 
(n) (%) 

Optical density 
(median) 

9/17 52.9 0.569 
0.431 

p=NS 
7/13 53.8 

p=NS 

00 1.0 

Fig. 1. Correlation between antibody titres 
of mothers and newborns. Circles, upper 
gastrointestinal bleeding group; triangles, 
control group; OD, optical density 
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correlation between the antibody titres of mothers and newborns (r = 0.97; 
p < 0.001). 

Discussion 

Our results suggest that maternal HP infection is not a risk factor for the 
development of upper gastrointestinal bleeding. The prevalence of IgG anti­
bodies against HP and antibody titres were similar in both study groups and do 
not differ from the prevalence found in a normal population [11]. As in 
newborns, the antibody response was poor, the antibodies found probably being 
acquired from the mother. 

Nevertheless, a definitive exclusion of maternal HP infection as a risk factor 
for gastrointestinal bleeding in newborns needs further investigation to evaluate 
the presence of HP on gastric biopsies and a follow up of antibody titres in 
newborns. 
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Helicobacter pylori Infection in Children 

U. Blecker, A. Franckx-Goossens, S. Lauwers, and Y. Vandenplas 

Introduction 

Helicobacter pylori is a recently discovered bacterium that has quickly 
awakened an enormous interest when a possible link was discovered between 
this microorganism and a number of diseases of the upper gastrointestinal tract 
[10, 11, 14]. For this reason H. pylori has been the subject of numerous clinical 
trials since its discovery 8 years ago. H. pylori-associated gastritis and peptic 
ulcer were initially reported in adult patients [17]. However, there has recently 
been increasing interest in the incidence of this microorganism in the paediatric 
age group [3, 4, 6, 9, 10, 12, 14]. 

Materials and Methods 

Over a period of 7 months, between June and December 1989, we investigated 
48 paediatric patients aged 1-15 years (mean age 8 years 11 months; 20 boys/28 
girls). All patients were admitted because of aspecific abdominal complaints. 
The complaints consisted mostly of chronic abdominal or epigastric pain, 
sometimes combined with nausea or vomiting. Our aim was to examine the 
prevalence of an H. pylori infection in this group of patients. Furthermore, we 
were interested in knowing whether there were any "typical" H. pylori com­
plaints. 

All 48 patients underwent an upper gastrointestinal tract endoscopy during 
which biopsies were taken at different locations of the antral mucosa. 

In addition to culture, the presence of H. pylori was also investigated 
histologically (Gram and Giemsa stains) and with a rapid urease test (CLO test, 
Delta West Ltd., Western Australia). Furthermore, in order to exclude other 
possible causes for the complaints, all patients (with the exception of two who 
presented with acute haematemesis) also underwent a lactose H 2 -breath test, a 
histology, stool culture, abdominal X-ray, and dietary history. None of the 
investigated patients was taking any medication at the time of examination. 

Academic Children's Hospital, Free University of Brussels, Laarbeeklaan 101, 1090 Brussels, 
Belgium 

1.M. Pajares et al. (Eds.) 
H. pylori and Gastroduodenal Pathology 
© Springer-Verlag Berlin Heidelberg 1993 



260 U. Blecker et al. 

Results 

In ten patients of the 48 (20.8%) an infection with H. pylori was demonstrated. 
The results of the different diagnostic tests are outlined in Table 1. This shows 
that all these tests are complementary and it stresses the importance of using 
more than one test for the diagnosis of an infection with this microorganism. 

In all ten H. pylori-positive patients a type B active chronic gastritis was 
histologically present. During endoscopy a clear macroscopical abnormality of 
the gastric antral mucosa (nodular gastritis) was only observed in three out of 
the ten H. pylori-positive patients. The various diagnoses of the other 38 patients 
are shown in Table 2. 

As mentioned earlier, the 48 patients presented with a variety of symptoms. 
Nausea, vomiting, abdominal and/or epigastric pain, anorexia, and dyspepsia 
are just some of the symptoms the patients complained of. Typical H. pylori 
complaints could not be detected, although almost all H. pylori-infected patients 
complained of chronic abdominal pain (Table 3). This reflects the findings of 
other authors [1, 5, 10]. 

All patients with an H. pylori infection were treated with amoxycillin 
(50 mg/kg per day three times daily) and colloidal bismuth subcitrate (60 mg 
three times daily) over a period of 6 weeks [7]. All patients had fewer complaints 
shortly after starting the treatment. Four to eight weeks after the end of the 
treatment we performed a control endoscopy in order to evaluate the eradic­
ation of the bacteria from the stomach. This eradication was achieved in seven 
(70%). 

To obtain an idea of the familial incidence of H. pylori infection, immunoglo­
bulin G (JgG) anti-H. pylori titres (last generation serological test) were 

Table 1. The results of the different diagnostic 
techniques 

Diagnostic technique 

Rapid urease test 
Histology 
Culture 

Positive results 
(%) 

70 
80 
80 

Table 2. Diagnoses of the H. pylori-negative patients 

Diagnosis 

Campylobacter jejuni enteritis 
Constipation 
Psychosomatic symptoms 
Parasi tic infection 
Lactase deficiency 
Viral gastritis (cytomegalovirus) 
Peptic ulcer, not H.pylori related 
Unknown 

(n) 

2 
6 

13 
3 
7 
1 
1 
5 

(%) 

5.3 
15.8 
34.2 

7.9 
18.4 
2.6 
2.6 

13.2 
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Table 3. Symptoms of the H. pylori positive patients in com­
parison to all examined children (n:48) 

H. pylori Positive 
Total 

Symptom (n) (n) (%) 

Nausea 14 3 21.4 
Chronic epigastric pain 8 3 37.5 
Chronic abdominal pain 30 5 16.7 
Diarrhoea 5 1 20.0 
Fatigue 3 1 33.3 
Vomiting 2 2 100.0 
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determined in 35 family members (parents, brothers and sisters older than 10 
years) of ten newly diagnosed H. pylori-positive patients from January 1990. In 
17 family members the IgG titres were positive. The IgG level was normal in one 
of our patients with a positive culture for H. pylori. 

All family members with a positive titre underwent a gastric endoscopy. An 
H. pylori infection was diagnosed in seven (by means of histology, culture, 
and/or rapid urease test). Retrospectively, two of these family members had 
minimal digestive complaints. 

Discussion 

The study reflects the results of a prospective evaluation with regard to clinical 
and pathological findings in H. pylori-positive and -negative children that 
underwent an upper gastrointestinal tract endoscopy/gastroscopy because of 
abdominal complaints. These results show that one should not depend on the 
clinical symptoms to diagnose an H. pylori infection because there are no typical 
complaints for an infection with this bacterium. This coincides with the findings 
of other authors [1, 2, 10]. 

Furthermore, we confirmed the correlation between the presence of an 
H. pylori infection and a histological type B active chronic gastritis. In fact, all 

H. pylori-positive patients presented this kind of gastritis. In addition, the 
presence of an H. pylori infection was demonstrated in approximately 20% of 
the examined children. This percentage reflects an important incidence of 
H. pylori infection in the sphere of the vague abdominal complaints in children. 
Corresponding percentages of H. pylori-positive gastritis in children with 
abdominal complaints have been reported by other authors [4, 10, 12, 14]. 
Considering the fact that the prevalence of H. pylori infection increases with age 
[13J, one can, seeing the relatively young age of our patients, conclude that the 
incidence of H. pylori infection we found reflects the importance of H. pylori in 
the pathogenesis of certain diseases of the upper gastrointestinal tract. 

Furthermore, we would like to stress the importance of family screening in 
all H. pylori-positive patients. As demonstrated in other clinical trials [8, 15, 16J, 
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we were also able to show a clear familial incidence in families with an H. pylori­
positive member. 
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Histological and Serological Examination 
of Helicobacter pylori in Estonian Children 
with Abdominal Complaints 

H.-I. Maaroosl, I. Nilsson2, T. Vorobjoval, T. Ragol, 
and T. Wadstrom2 

Chronic gastritis has been found to be common in Estonian children with 
abdominal complaints (61 %), and in 85% of ca~es it was caused by Helicobacter 
pylori (HP) [1]. Infected adult patients elicit a signicicant circulating antibody 
response against antigens of HP [2]. The systemic antibody response to HP in 
children has not been studied to the same extent. Some authors have found that 
HP antibody levels in children mirror investigations in adult patients [3, 4], 
others claim that HP antibodies are not a common finding in children [5, 6]. 
The aim of our study was to determine HP-IgG antibody frequency in children 
with histologically proven but slight gastritis and to examine the correlation 
between HP-IgG antibodies and HP colonisation intensity in the antral and 
body mucosa. Glycin extract antigen and the enzyme-linked immunosorbent 
assay (ELISA) method were used in parallel in two laboratories (in Tartu and in 
Lund) on the same children's sera. 

Material and Methods 

Thirty-nine children aged 4-15 years (mean age 10 ± 3 years, 15 boys and 24 
girls) were examined. All of them were endoscoped mainly for upper abdominal 
pains. Patients with peptic ulcer were not included in the group. None of the 
subjects had received any antibiotics within 4 weeks before the endoscopy. 

During the endoscopy two specimens were taken from the antral and two 
from the body mucosa. The state of the gastric mucosa was histologically 
examined in haematoxylin and eosin-stained specimens by P. Sipponen [1]. 
Normal mucosa, slight, moderate or severe superficial gastritis both in the antral 
and body mucosa were diagnosed by chronic round cell infiltration. Acute 
neutrophil infiltration was also graded. No atrophic changes were found in 
children's gastric mucosa [1]. HP intensity was graded as follows: 0, no bacteria; 
1, fewer than 20 bacteria; 2, 20-60 bacteria; and 3, more than 60 bacteria per 
high-power microscopic field (objective, 40, ocular 10). HP-IgG antibody 
response was examined using the HP strain NCTC 11637 glycine extract as an 
antigen [7] using an ELISA method both in the Lund and Tartu laboratories. 
The results were expressed as the relative antibody activity (RAA) by absorb­
ance values. Commercial IgG (Kabi AB, Stockholm, Sweden) was used on each 

1 Tartu University, EE2400 Tartu, Estonia 
2 Lund University, Lund, Sweden 
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ELISA plate as a positive control for 100 units of RAA values. The results were 
regarded as negative below 25 units, RAA values between 25 and 40 units were 
intermediate, and at over 40 units they were positive for HP-IgG antibodies. 

The sera with intermediate values were examined by immunoblot analysis. 
The results were statistically analysed using the "Statgraphics" package, the 

Spearman rank correlation test and linear regression analysis. The Scheffe 
method was used for the differences reliability of unpaired data. 

Results 

Chronic gastritis was found in 24 (62%), HP-positive cases by histological 
examination were 22 (56%), HP-IgG antibodies were detected in 16 patients out 
of 39 (41 %) (Table 1). The distribution of patients by HP-IgG antibody RAA 
levels, age and HP score in the antral and body mucosa is given in Table 2. 
There were no differences in the mean ages of groups where the number of RAA 
units was lower than 25 and higher than 40 (p > 0.05). In patients with negative 
HP-IgG antibodies HP in the gastric mucosa was predominantly negative and 
in patients with HP-IgG antibody it was positive. 

The mean HP-IgG antibody RAA level in the HP-negative group was 10.6 
± 9.5 and it differed significantly from the groups that had HP only in the 

antral region or HP both in the antral and body regions (p < 0.001), but no 
differences were found from the group with HP only in the body mucosa 
(Table 3). 

The RAA mean levels of HP-IgG antibody in patients with different HP 
scores are shown in Table 4. The group with the highest HP score in the antral 
mucosa had the highest RAA mean level of HP-IgG antibody, and the difference 
from the groups with negative HP or from the groups with scores 1 and 2 
was statistically significant (F = 19.007 p < 0.001, F = 21.331 p < 0.001 and 
F = 29.217 p < 0.001, respectively) (Table 4). A highly significant correlation 
was established between HP-IgG antibody RAA values and the antral mucosa 
by the Spearman rank correlation test (r = 0.69, p < 0.001), the body mucosa 
HP scores (r = 0.46, p < 0.001) and the sum of the scores of the antral and the 
body mucosa HP (r = 0.65, p < 0.001). The distribution of HP-IgG antibody 
RAA values and HP scores in the antral and the body mucosa is given in Figs. 1 
and 2. 

Table 3. Mean HP-IgG RAA levels in groups with different HP colonization pattern 

Group HP in histological RAA 
specimens 

Antrum Corpus No. Mean ± SD Range p 

I 17 10.6 ± 9.5 1-100 I-II P < 0.001 
II + 4 64.8 ± 29.0 19-100 
III + 3 39.0 ± 43.1 8-100 
IV + + 15 61.4 ± 30.5 8-130 I-IV p < 0.001 
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Table 4. HP-IgG antibody mean RAA levels and HP scores in antral and corpus mucosa 

Helicobacter pylori 

Scores n 

Antrum 
0 20 
1 4 
2 5 
3 10 

Corpus 
0 21 
1 7 
2 5 
3 6 

HP - IgG antibody RAA units 

140 

130 

120 

110 

100 

90 

80 

70 

60 

50 

40 

RAA 

Mean± SD Range F p 

14.8 ± 21.9' 1.0-100.0 19.oo7,·d < 0.001 
52.3 ± 24.1 b 19.0- 52.3 21.331 b.d < 0.001 
55.8 ± 26.5c 9.0- 70.0 29.271 c.d < 0.001 
69.1 ± 36.2d 11.0-130.0 

20.9 ± 8a 1.0-100.0 13.983,·d < 0.001 
54.0 ± 29.3 b 8.0-100.0 17.175b.d < 0.001 
78.0 ± 30.3" 50.0-130.0 11.8 c.d < 0.002 
44.8 ± 42.0d 9.0-110.0 

D 

30 

20 g Fig. I. Distribution of HP-IgG antibody 
RAA values with different HP scores in 
antral mucosa. Boxes, the middle 50% of 

10 the data values; whiskers extend to the 
minimum and maximum; central line, 

OL---~---_--~---~-- median 
o 2 

Antral mucosa HP score 
3 

The screening of HP-negative and -positive patients by histological HP 
determination and by detection of HP-IgG antibody gave the same results in 33 
cases (85%) (Table 1). HP was found in six children only by histological 
examination; five ofthese had HP-IgG RAA values below 25 units and one had 
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HP - IgG antibody RAA units 

110 

100 

90 

80 

70 
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40 

30 

8 20 

10 

0 
0 2 

Body mucosa HP score 

3 

Fig. 2. Distribution of HP-IgG anti­
body RAA values with different HP 
scores in body mucosa. Boxes, the 
middle 50% of the data values; whis­
kers extend to the maximum and 
minimum; central line, median 

an intermediate value (30 units); four out of the six had acute epigastric pain and 
histologically there was acute infiltration of the antral and the body mucosa. 
Two patients had no antral mucosa involvement and HP only in the body 
mucosa. 

Sera with intermediate RAA values (Table 2) were analysed by immunoblot, 
and two of the three were positive for HP-IgG antibodies. They both had HP in 
the antral or body mucosa. 

Comparing the HP-IgG antibody determination with histological HP detec­
tion results, we found specificity to be 100% and sensivity 73%, with a positive 
predictive value of 100% and a negative predictive value of 74% in the 
serological examination. ELISA determination of HP-IgG antibodies when 
using both the same antigen and method in Tartu and in Lund had a 
significantly high correlation (r = 0.87, p < 0.001). 

Discussion 

Immunoglobulin G antibodies to HP antigens are produced in cases of HP 
infection in adults, and circulating IgG antibodies are clearly of major import­
ance in the immune defence against invasion of microorganisms [2]. In 
children's studies some authors have rarely found HP-IgG antibody in children 
below 14 years [5,6]. The low frequency of HP-IgG antibody in these studies is 
obviously connected with a low incidence of HP infection in these regions. In 
our children's group, 56% of the children were infected with HP, and HP-IgG 
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antibodies were found in 73% of the infected subjects. There were no age 
differences between HP-IgG antibody-positive and -negative groups (p > 0.05). 
Our results confirm that HP infection elicits a systemic HP-IgG antibody 
response in children as previously reported [3, 4]. Therefore HP colonisation is 
a true infection in children [3]. We made the semiquantitative evaluation ofHP 
colonisation intensity in the gastric mucosa and found a correlation between the 
HP intensity and HP-IgG antibody RAA level. Our results confirm the opinion 
that the antral mucosa is more reactive to HP infection with a systemic antibody 
production [2] than the body mucosa since HP-IgG antibody RAA is more 
influenced by the antral mucosa HP scores than the body mucosa HP scores. 
Taking into consideration the different phenotypes of the antral and body HP 
topography, it was shown that the higher RAA level was connected with antrum 
colonisation. In our opinion, such a correlation is typical for children. Their 
systemic immune reaction to infection is not influenced by other factors as is the 
case, in adults, for example, by some medicines, patchiness of mucosal changes 
and age. Therefore the determination of HP-IgG antibodies allows the evalu­
ation of the HP colonisation intensity, and antibody level may be helpful in 
following the response to the treatment of HP-associated gastritis and peptic 
ulcer in children [4]. 

In our series we had some patients whose HP infection was detected by 
histological examination, but the HP-IgG antibodies were under the lower limit 
and evaluated as negative. Some of these children may in fact have an active HP 
infection as they are clinically acutely ill, and their gastric mucosal morphology 
showed an acute infiltration with or without a chronic one. Two of these 
patients had HP only in the body mucosa without an antral involvement. There 
is a possibility that acute HP infection could be missed in some cases when using 
HP-IgG antibody determination and an additional analysis of other immuno­
globulins should be made [2, 8]. 

For children, the limit of HP-IgG antibody is 25 units to evaluate the 
positive and negative results. All the intermediate values between 25 and 40 were 
additionally analysed by immunoblot, and it appeared that they were positive 
for HP. We had no false-positive tests using the serological examination. 
Therefore the antigen and the method we used had a high specificity for the 
detection of HP infection in children. The sensitivity of HP-IgG antibody 
determination was lower than the histological detection of HP. In their study 
Hirsche et al. [9] compared four antigen preparations; the glycine extract had 
the same sensitivity (78%) and specificity (98%) as we found. Therefore one 
reason for the low sensitivity of our test might be the acute HP infection in 
children; another reason could be the characteristic sensitivity of the HP glycine 
extract [9]. The reliability of our examinations is also shown by the very high 
correlation between results from the two laboratories. 
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Helicobacter pylori in Children 
with Recurrent Abdominal Pain 
and Other Conditions 

C. Camarero!, I. Alvarez2, L. de RafaeP, M. Rodriguez!, H. Escobarl, 
and L. Suarez! 

Introduction 

In the last few years an association has been found between gastric colonization 
by Helicobacter pylori (HP) and some gastric conditions such as chronic antral 
gastritis [9, 10, 14] and peptic ulcer [4]. There have been numerous studies 
conducted with adult patients [5], but there is still some paucity of reports in the 
pediatric literature [1, 2, 6, 8, 11, 12, 15, 16]. 

We have investigated the presence of this microorganism in children 
suffering from different digestive conditions and specially in those with recurrent 
abdominal pain (RAP). 

Patients and Methods 

A total of93 patients (47 boys, 46 girls) were studied. Their ages ranged from 4 
to 17 years (mean age 10.2 years). The indications for upper digestive endoscopy 
were: RAP (56), epigastric pain (EP; 20), upper digestive hemorrhage (UOH; 
four), gastroesophageal reflux (GER; five), and other conditions (portal caver­
nomatosis one, caustic stenosis two, common variable immunodeficiency one, 
and gastrectomy control one). 

Mucosa samples of the gastric antrum were obtained in the endoscopy unit 
and submitted for light-microscopic examination and culture. Samples for 
culture were processed within 1 h after being obtained. The biopsy sample was 
streaked onto a plate containing sheep blood (5%), Columbia agar sup­
plemented with polymyxin B (5000 units per liter), amphotericin B (2 mg/l), 
trimethoprim (15 mg/l), and vancomycin (15 mg/l). Plates were incubated for 7 
days at 37°C under an atmosphere containing 5% O 2 ,10% CO 2 , and 85% N 2 • 

Suspected colonies were identified on the basis of positive reactions for oxidase, 
catalase, and rapid urease. 

1 Department of Pediatrics, Hospital Ramon y Cajal, 28034 Madrid, Spain 
2Department of Pathology, Hospital Ramon y Cajal,28034 Madrid, Spain 
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Results 

Culture of HP 

A positive culture was obtained in 30 patients (19 boys and 11 girls); the mean 
age was 10.4 years. In the 63 HP culture-negative patients the corresponding 
distribution was 27 boys and 36 girls with a mean age of 10.1 years. The 
indication for endoscopy in the HP-positive patients was: RAP four, EP eight, 
UDH one, GER one, and miscellaneous three. In the HP-negative patients the 
corresponding indication was: RAP 42, EP 13, UDH three, GER one, miscellan­
eous four (Tables 1, 2). 

Endoscopy 

Culture-Positive Patients: The mucosa had a normal appearance in 17. Findings 
consistent with chronic gastritis, duodenitis, and erosive gastritis were observed 
in nine, three and one patient, respectively. 

Culture-Negative Patients. The mucosa had a normal appearance in 44 
patients. Findings consistent with chronic gastritis, duodenal ulcer, and eso­
phagitis were observed in 11, one, and one patient, respectively (Table 3). 

Pathological Investigation of the Gastric Mucosa 

Culture-Positive Patients. Mild to moderate chronic active gastritis was found in 
12, mild follicular chronic active gastritis in six, and severe follicular chronic 

Table 1. Culture of H. Pylori: sex distribution in our pediatric 
patients 

Culture-positive patients 
Culture-negative patients 

Boys 
(n) (%) 

19 
27 

63 
42.8 

Girls 
(n) (%) 

11 
36 

36 
57.1 

Table 2. Culture results of H. Pylori in our pediatric patients 

Condition 

Recurrent abdominal pain 
Epigastric pain 
Upper gastrointestinal bleeding 
Gastroesophageal reflux 
Miscellaneous 
Total 

Positive 
(n) (%) 

14 
8 
1 
4 
3 

30 32.3 

Negative 
(n) (%) 

42 
13 
3 
1 
4 

63 67.8 
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Table 3. Endoscopic findings in our pediatric 
patients 

Endoscopy 

Normal 
Chronic gastritis 
Duodenitis 
Erosive gastritis 
Duodenal ulcer 
Esophagitis 

H. Pylori culture 
Positive Negative 

(n) (n) 

17 
9 
3 
1 

44 
11 

C. Camarero et al. 

active gastritis in five patients. One patient had erosive gastritis, and the gastritic 
mucosa was normal in four patients. 

Culture-Negative Patients. Forty-nine patients were normal; follicular chronic 
gastritis was found in one and chronic active gastritis in seven patients. Six 
samples were inadequate for diagnosis. 

Patients with RAP 

Culture-Positive Patients. There were fourteen patients (ten boys, four girls) in 
this group. The endoscopic diagnosis in this group was duodenitis in five, antral 
hyperemia in one, and normal in ten patients. The pathological examination of 
the biopsy samples revealed: chronic antral gastritis in seven, follicular gastritis 
in three, and normal in three patients. One biopsy sample was inadequate for 
diagnosis. 

Culture-Negative Patients. There were 42 patients (17 boys, 25 girls) in this 
group. The endoscopic findings were antral hyperemia in five, normal in 31, and 
miscellaneous in six patients. The pathological examination of the biopsy 
samples revealed 37 with a normal appearance, one with follicular chronic 
gastritis, and three with active chronic gastritis. One sample was inadequate 
(Table 4). 

Table 4. Patients with recurrent abdominal pain: cul­
ture results and sex distribution 

Patients 

Boys 
Girls 
Total 

H. pylori culture 
Positive Negative 

(n) (%) (n) (%) 

10 
4 

14 

71.4 
28.5 
25 

17 
25 
42 

40.4 
59.5 
75 
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Discussion 

Our findings are in good agreement with those of previous reports in which the 
presence of HP was documented in the gastric mucosa of children. In a high 
percentage of children this presence is associated with chronic antral gastritis. 
The percentage observed in our patients (76%) is similar to that observed in 
adults ( > 70%) [5, 7, 17]. 

In this study a higher percentage of boys with HP was observed. This finding 
is relevant as the number of boys and girls at the beginning of the study was 
similar. This greater involvement of boys has not been reported in other 
pediatric series. The higher incidence of peptic ulcer in males is a well-known 
fact, and there is increasing evidence that HP can be involved in the origin of the 
ulcerous damage [13]. If it is true, gastric colonization by HP (more common in 
boys in our series) may be a plausible explanation for the higher incidence of the 
ulcerous damage in the male later in life. Most of the children studied were in the 
prepubertal age, and one might therefore, think that sex-linked hormonal 
factors do not play an important role in the gastric colonization by the 
microorganism. 

The percentage of children with RAP and a positive HP culture (25%) 
associated with chronic gastritis is not to be neglected. One could suggest the 
existence of a subset of patients in whom this syndrome could be attributed to 
this association. However, these findings have been observed in asymptomatic 
patients with different percentages by several authors [3, 10]. Since this invest­
igation was not carried out in our children we cannot accurately establish a 
cause-effect relationship. This issue will probably be elucidated in future studies 
with an efficient therapy in the eradication of HP from the gastric mucosa. 

The mean age of HP-positive children was lOA years, similar to that of 
HP-negative patients. This observation reflects an early age for the possibility of 
colonization and opens many questions regarding the epidemiology of this 
microorganism. 
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Helicobacter pylori-Associated Gastritis in Children 

F. Gottrand1, K. Francillette1, D. Turck!, P. Vincent2, M. Lecomte3, 

and J.P. Farriaux 1 

Introduction 

Helicobacter pylori (HP)-associated gastritis and peptic ulcer were initially 
reported in adult patients [1]. More recently, a similar association has also 
been demonstrated in the pediatric age group [2, 3]. During the last year, 
HP-associated gastritis was found in 14 out of 55 children undergoing upper 
gastrointestinal endoscopy and gastric biopsies for suspected HP infection. 

Patients and Methods 

The 14 children presenting with HP infection were aged 2.5 months to 18.5 years 
(mean 11.2 years). The sex ratio was 1. All but one child were symptomatic: 
abdominal pain (n = 9), vomiting (n = 7), anorexia (n = 3), weight loss (n = 2), 
hematemesis (n = 2). The delay between symptoms and endoscopy varied from 
3 days to 7 years (mean 1.3 years). 

Endoscopy was performed using an Olympus XP 10 or XP 20 endoscope. 
During endoscopy, at least two antral biopsies were- taken for histology 
(including Giemsa staining) and bacteriology. HP was identified in antral 
biopsies by at least one of the following microbiological techniques in four of six 
patients: Gram staining in three of six, urease production in two of six, or culture 
in four of six, or by histological techniques in 12 of 14 patients (Giemsa staining). 

Results 

Endoscopy always showed abnormalities; the macroscopic diagnosis was: gas­
tritis (n = 12), esophagitis (n = 6), hiatal hernia (n = 5), gastric ulcer (n = 1). All 
but one child had chronic gastritis: 11 had interstitial inflammation of antral 
mucosa and one had chronic atrophic hypochlohydric gastritis. Only one child 
(age: 2.5 months) had acute superficial gastritis. 
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Discussion 

The incidence of HP among children undergoing endoscopy for upper gastro­
intestinal symptoms ranges between 11 % and 40% [4, 5]. In our study, HP was 
identified in 25% of the patients undergoing endoscopy for a variety of 
nonspecific symptoms. 

Two points can be emphasized from this study. First, two children were less 
than 4 months old (Table 1). To the best of our knowledge, HP gastritis in 
young infants has not yet been reported in the literature; the youngest child 
previously described was 2 years old [6]. Secondly, five children were mentally 
retarded and institutionalized (Table 2). Three of them had gastroesophageal 
reflux, and endoscopy was done for suspected esophagitis. Two of them did not 
have any upper gastrointestinal symptoms and presented with weight loss 

Table 1. HP gastritis in two children aged less than 4 months 

Age Symptoms Diagnosis Endoscopic Histology HP diagnosis 
(months) delay diagnosis 

Abdominal pain Giemsa positive 
2.5 3 days Gastric ulcer CG 

Vomiting Bacteriology positive 

Abdominal pain Giemsa positive 
3.5 5 days Gastritis ASG 

Hematemesis Bacteriology ND 

CG, chronic gastritis; ASG, acute superficial gastritis; ND, not done. 

Table 2. HP gastritis in five mentally retarded and institutionalized children 

Age Symptoms Diagnosis Endoscopic Histology HP diagnosis 
(years) delay diagnosis 

15.5 Abdominal pain Gastritis Giemsa positive 
1.5 years Esophagitis CG 

Vomiting Hiatal hernia Bacteriology ND 

18.5 Anorexia Giemsa positive 
1 month Esophagitis CG 

Weight loss Bacteriology ND 

10.5 Gastritis Giemsa positive 

Weight loss 1 month CG 
Esophagitis Bacteriology ND 

10.5 Giemsa positive 
-' Gastritis CG 

Bacteriology negative 

16 Vomiting Gastritis Giemsa positive 
2 months CG 

Anorexia Esophagitis Bacteriology ND 

'Endoscopy was done because of suspected caustic ingestion. 
CG, chronic gastritis; ND, not done. 
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(n = 1) and suspected caustic ingestion (n = 1). Esophagitis was found in four 
children; one of them had no gastritis at endoscopy. This high frequency of HP 
infection in mentally retarded and institutionalized children (five of 14) suggests a 
person-to-person transmission of HP [7] 

Conclusions 

First, HP gastritis can be found in infants aged less than 4 months; it is then 
associated with acute lesions. Secondly, HP gastritis seems to be frequent in 
mentally retarded institutionalized children. HP gastritis should be evaluated in 
these patients, even if symptoms are not specific and even if there is a story of 
gastroesophageal reflux or esophagitis. 
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Helicobacter pylori Gastritis in Children: 
Wide Spectrum of Symptoms 

G. Oderda, E. Poli, P. Lerro, D. Dell'Olio, and N. Ansaldi 

Introduction 

Helicobacter pylori (HP) gastritis in adult patients can present with a wide 
variety of symptoms, but it is not yet clear whether gastritis is related to 
particular symptoms and which symptoms are most frequently associated. 

A relationship between serum antibodies to HP and history of dyspepsia and 
peptic ulcer has been described in blood donors [1], but in most patients HP 
gastritis is a clinically silent condition [2]. In children the infection is described 
in association with symptomatic gastritis [3], chronic diarrhea and malnutrition 
[4], or protein-losing enteropathy [5]. HP infection is found in 16.8%-24% of 
children undergoing endoscopy [6-9]. Primary gastritis is associated with the 
infection in 70%-88% of children [10, 11] and in almost 100% of adults. The 
aim of this study was to report the clinical manifestations of 153 HP-positive 
children undergoing endoscopy for various complaints. The relationship be­
tween gastric infection and symptoms was reanalyzed 6 months after stopping 
antimicrobial therapy. 

Patients and Methods 

Between September 1982 and September 1990, 153 children (M/F 95/58; mean 
age 10.9 age, range 1-18 years) were diagnosed as having HP-associated 
gastritis: 31 of them were diagnosed retrospectively by reviewing slides of antral 
mucosa (1982-1987), 122 were diagnosed prospectively. HP had to be seen on 
microscopy (Giemsa staining) to diagnose the infection [12]. 

Gastritis was defined according to the Whitehead criteria [13]. A diffuse 
mononuclear inflammatory cell infiltrate of the lamina propria was regarded as 
"quiescent" chronic superficial gastritis (SCG); when polymorphonuclear cells 
were present in the lamina propria SCG was considered to be "active" [14]. 

Clinical charts of all children referred for upper gastrointestinal endoscopy 
were always completed by same investigators (either G.O. or N.A.) a few days 
before or on the morning of endoscopy. We analyzed: (a) indication for 
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endoscopy-the clinical manifestation or symptom the family practitioner re­
quested endoscopy for; (b) most prominent symptom - the symptom children or 
mothers were complaining of as the most severe or interfering with activity; (c) 
all symptoms reported; (d) initial symptom; (e) duration of symptoms prior to 
endoscopy; (f) presence of a sudden acute onset of dyspepsia, (g) family history 
of peptic ulcer or dyspepsia. 

A symptom score was defined as previously reported [17]. Relationships 
between severity, kind and duration of symptoms, and severity of endoscopic 
and histologic changes were analyzed. 

Antimicrobial therapy was suggested to all, but only 85 of those who 
complied with it consented to a follow-up endoscopic control 6 months after 
stopping treatment either with amoxicillin alone (17 children) or with amoxicil­
lin plus tinidazole (68 children). Clinical charts and laboratory findings were 
again analyzed 6 months after stopping treatment in relation to eradication or 
persistence of the infection. 

Paired and unpaired parametric data were analyzed by the appropriate t 

test, correlations by Spearman's rank and Pearson's linear correlation coeffic­
ient, and differences between groups by chi-square test. Results are given as 
mean ± 1 SD. A p value of less than 0.05 was accepted as significant. 

Results 

Indication for endoscopy was not always the most prominent symptom. Al­
though recurrent abdominal pain was present in 85% of children, it was an 
indication for endoscopy in only 43 %. Nevertheless, abdominal pain was the 
most common indication for endoscopy and was reported to be nocturnal and 
upon waking in 52 children. The second indication for endoscopy was to obtain 
a duodenal biopsy because of a failure to thrive and suspected celiac disease 
(14 %). Endoscopy was performed in 18 siblings of infected children in a family 
study, even though ten of them were asymptomatic (Table 1). 

The majority of children complained of more than one symptom, only 28 
children complained of pain without additional symptoms. Most common 
associations of symptoms were abdominal pain with vomiting mimicking 
gastroesophageal reflux (66 children: 14 of them were also failing to thrive or 
suffered weight loss), or with recurrent diarrhea mimicking irritable bowel 
syndrome (23 children), or with anorexia (eight children). Anorexia, which was 
so severe as to be associated with failure to thrive or weight loss in 31 children, 
was associated with easy satiability and post-prandial epigastric fullness in 35. 
Recurrent diarrhea and failure to thrive mimicking celiac disease were seen in 
nine children. Hematemesis was associated with recurrent vomiting in four or 
with abdominal pain in four children. No symptoms were reported by 14 
children even though one of them had duodenal ulcer, and seven severe active 
SCG. 

A sudden acute onset of dyspepsia (abdominal pain, vomiting, and diarrhea 
of 2-4-day duration) was detected in 26 children 1-96 months prior to 
endoscopy (median 5.5). 
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Mean symptom duration was 36.7 ± 27 months (range 1-156), and it was 
significantly related to the severity of symptoms (r = 0.317, p < 0.01) but not to 
age. Symptoms were significantly less severe in older children (Fig. 1); patients 
without symptoms were the oldest, and those with diarrhea and failure to thrive 
or severe anorexia were the youngest (13.4 years vs. 7.2; p < 0.001). Children 
with recurrent vomiting were significantly younger (9.8 years vs. 12.5 for 
non vomiting children; p < 0.05). A positive family history of dyspepsia or peptic 
ulcer was found in 72% of children. 

Table 2. Endoscopic and histological findings in 153 children with Helicobacter pylori gastritis 

Esophagus Stomach Duodenum 

Finding (n) Finding (n) Finding (n) 

Endoscopy 
Normal 68 Normal 45 Normal 91 
Hyperemia 41 Nodularity 61 Ulcers 26 
Erosions 17 Hyperemia 28 Hyperemia 17 
Nodularity 8 Ulcers 10 Erosions 12 
Sliding hernia 8 Erosions 9 Nodularity 7 
Barrett's esophagus 5 
Ulcers 6 

Histology" 
Normal 92 Normal 1 Normal 56 
Peptic esophagitis 30 Active SCG 52 Duodenitis 27 
Columnar metaplasia 5 Quiescent SCG 100 Gastric metaplasia 14 

"Biospy specimens of esophageal or duodenal mucosa were taken only when some changes were seen 
at endoscopy 
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Fig. 1. Symptom score according to age. Symptoms were significantly less severe in older children 
(r = - .497, p < .001) 
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Endoscopy showed that the most common mucosal lesion of the stomach 
was nodularity of the antral area, but the stomach was frequently of normal 
appearance; ulcers were seen in the antral area in seven and at the greater 
curvature in three patients. The esophagus showed a wide range of lesions in half 
of the children. The duodenum was damaged less frequently, ulcers at the 
duodenal bulb were single in 17 and multiple in nine patients. Histology showed 
sca in 152 out of 153 children; it was active in 52. Peptic esophagitis and 
duodenitis were infrequent (Table 2). The duration of symptoms was signific­
antly shorter in active sca (mean 20 ± 29 months vs. 50 ± 39 months in 
quiescent sca; p < 0.001). No relationship was found between severity, dura­
tion, or kind of symptoms and endoscopic findings. 

Six Months after Therapy 

Helicobacter pylori was eradicated in 72 children (84.7%), all symptoms had 
disappeared in a mean of 12 ± 10 days in 61 out of 72; recurrence of mild pain 
without additional symptoms was reported by the others. Out of 13 children 
with persistent infection, symptoms were improved in five, unchanged in three, 
worsened in two; in three no symptoms were reported either before or after 
therapy. 

Endoscopy showed a normal antrum in all HP-negative children. A nodular 
antrum or erosive gastritis were unchanged in children with persistent infection; 
relapse of duodenal ulcer was seen in one of them. Histology showed the 
disappearance of active SCG in all HP-negative children; mild quiescent sca 
was still present in 61 % of them. In HP-positive children, SCG was improved in 
38% and was unchanged in the others. 

Discussion 

About one third of children undergoing endoscopy for abdominal pain are HP 
carriers [9, to]. Although abdominal pain or symptoms of dyspepsia are 
reported in children with HP gastritis [3, 4, 7, 18], the prevalence and type of 
symptoms in large series of children are not yet known. 

The majority of our patients were symptomatic: they complained of abdomi­
nal pain of very long duration, which was frequently associated with other 
symptoms. Associations of pain with recurrent vomiting or recurrent diarrhea 
were common, mimicking gastroesophageal reflux or irritable bowel syndrome. 
They were not considered an indication for endoscopy until they became severe 
or long enough to interfere with activity. The most prominent symptom and 
indication for endoscopy were not always the same due to different way of 
evaluating them by mothers and physicians. 

Our data showed that symptoms were significantly less severe in older 
children: asymptomatic children were the oldest, whereas those of 4 years of age 
or younger had the most severe clinical picture. This suggests that with 
increasing age a sort of clinical tolerance develops to HP gastritis, which is a 



H. pylori Gastritis in Children: Wide Spectrum of Symptoms 283 

clinically silent condition in 62% of adult blood donors with serum antibodies 
against HP [1]. In children the positivity of serum antibodies against HP is 
related to symptoms in 50% [19]. Children reported to have severe symptoms 
such as protein-losing enteropathy [5] were 4 years old or younger. Chronic 
diarrhea and failure to thrive were more frequent in younger children. Malnutri­
tion was usually mild, it was moderate only in four children with concomitant 
celiac disease and it was presumably due to the latter. In Gambian children 
diarrhea and malnutrition are frequently associated with HP infection [4], but it 
is not known whether malnutrition is caused by or predisposes to HP coloniz­
ation. 

With regard to the relationship between type of gastritis and duration of 
symptoms, we found a significantly shorter duration in children with active 
SCG. This suggests that SCG, starting as active, progresses in time to quiescent 
SCG. 

A relationship between HP gastritis and symptoms was further suggested by 
their disappearance soon after treatment when HP was eradicated. We chose to 
analyze clinical data after 6 months, even though more children had an 
endoscopic control 1 month after treatment, because the symptoms they 
complained of were usually recurrent and 1 month could have been too soon to 
evaluate a true disappearance. Eradication of HP was associated with resolution 
of symptomatology in the majority of children. 
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Childhood Peptic Ulcer Can Be Cured 
by Eradicating Helicobacter pylori 

G. Oderda l , M. Forni 2 , I. Morra 2 , F. Altare 2 , D. Dell'Olio l , 

and N. AnsaldP 

Introduction 

Since fiberoptic endoscopes of small caliber have been available in the last 2 
decades, peptic ulcers are diagnosed more frequently in children. Little is known 
on the long-term prognosis for pediatric peptic ulcer disease. A high incidence of 
morbidity persisting into adulthood has been reported, with a 47% endo­
scopically proven relapse rate [1] and a 70% recurrence of symptoms [2]. In 
adult patients the history of peptic ulcer is now changing after several reports 
showed the possibility of decreasing relapse rate by Helicobacter pylori eradic­
ation [3-6] 

The aim of this study, begun in 1982, was to evaluate the healing rate of 
peptic ulcer in children after ranitidine and the endoscopically proven relapse 
rate after stopping the drug. After 1987 antibiotic treatment was added to 
ranitidine where ulcers were associated with H. pylori infection. 

Patients and Methods 

Since 1982 all children with gastric or duodenal ulcer diagnosed by endoscopy 
in our unit were treated with ranitidine (5-10 mg/kg in two divided doses) for 8 
weeks, and endoscopy was repeated. In children with healed ulcers ranitidine 
was discontinued. The relapse rate was evaluated by repeating endoscopy every 
6 months for 5 years or when symptoms recurred. In children with nonhealed 
peptic ulcer, ranitidine was continued at the same dosage for four more months 
and endoscopy repeated. When ulcers were healed, ranitidine was discontinued 
and endoscopy repeated every 6 months or at symptom recurrence. Relapses 
were managed by a second 8-week course of ranitidine, followed by contino us 
maintenance with ranitidine at half dosage (2.5-5 mg/kg at bedtime). 

During endoscopy biopsy specimens of esophageal, antral, and duodenal 
mucosa were taken for histologic examination after hematoxylin and Eosin 
staining. Gastritis was defined according to the Whitehead criteria. Blood was 
drawn, after an overnight fast, on the morning of endoscopy and serum 
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pepsinogen I and gastrin were measured by radio-immunoassay (RIA) as 
previously described [7]. 

In 1987 the rapid urease test (CLO test, Delta West Ltd., Western Australia) 
and culture media for H. pylori became available in our unit, and antral biopsies 
(Giemsa staining) were evaluated for H. pylori presence. Where antral gastritis 
and H. pylori infection was found, a course of amoxycillin (50 mg/kg in two 
divided doses) plus tinidazole (20 mg/kg in two divided doses) were added to 
ranitidine for the first 6 (21 patients or 4 weeks (15 patients) [8]. Antibiotics 
were also given to patients with peptic ulcer diagnosed before 1987 when 
H. pylori gastritis was seen retrospectively by reviewing slides of antral mucosa 
taken at first endoscopy. 

Results 

From 1982 to 1990 a total of 65 children with peptic ulcer were enrolled (M/F 
43/22; median age 9.3 years, age range 1-18 years; Table 1). 

Before 1987 the healing rate after 8 weeks of ranitidine was 94% (36 out of 
38); after 1987, ranitidine with antibiotics in H. pylori-positive children or 
without antibiotics in H. pylori-negative children healed 96% of patients (26 out 
of 27) without any differences between H. pylori-positive or H. pylori-negative 
children (Table 2). In the remaining three patients, ulcers healed with ranitidine 
given for four more months. We did not find any nonresponders to ranitidine. In 
children with peptic ulcer healed with ranitidine, who were followed for 1 year or 
longer before 1987, the relapse rate was 47% (14 out of 30 patients), 11 relapses 

Table 1. Type of peptic ulcers diagnosed in 65 children between 1982 and 1990 

Sex Duodenal Gastric Duodenal + gastric Total 
HP+ HP- HP+ HP- HP+ HP- HP+ HP-

Males 20 10 5 6 2 27 16 
Females 6 9 3 3 9 13 

Total 45 17 3 36 29 

HP + , H. pylori positive; HP - , H. pylori negative 

Table 2. Type of ulcers, healing, and relapse rate of 58 children followed by endoscopy 
for 1 year or longer (mean follow-up time 3 years) 

Sex Healed H. pylori Relapsed at 1 year: H. pylori 

at 8 weeks eradicated Persistent Eradicated Negative 

Males 41/43 23/27 2/4 0/22 0/13 
Females 21/22 8/9 0/1 0/9 0/10 
Total 62/65 31/36 2/5 0/31 0/23 
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were symptomless. No patients with gastric ulcer relapsed, but four patients 
with duodenal ulcer on admission had gastric ulcers after relapse. A second 
course of ranitidine followed by continuous maintenance prevented further 
relapses. Relapses were significantly more frequent in patients with H. pylori 
seen retrospectively in antral mucosa (p < 0.001). Mean time before relapse was 
17 months (range 4-36 months). After 1987, antibiotics were given to relapsed 
patients and ranitidine maintenance discontinued. Antibiotics were given also to 
seven H. pylori-positive non-relapsed children and to 16 H. pylori-positive 
patients identified among 27 new peptic ulcer patients diag­
nosed since 1987. H. pylori was eradicated in 86%. Out of 58 children followed 
for 1 year or longer (mean follow-up time 3 years) duodenal ulcer relapsed in 
two out of five children with persistent H. pylori infection (Table 2). No relapses 
were seen in H. pylori-negative children. 

Serum pepsinogen I levels on admission were significantly higher in 
H. pylori-positive patients (81.7 ± 28.9 vs. 47.4 ± 21.8 nglml in H. pylori­
negative ones) and decreased significantly after H. pylori eradication 
(p < 0.001), whereas they were unchanged after ranitidine therapy in H. pylori­
negative children. Gastrin levels were similar in the H. pylori-positive and -
negative children (38.6 ± 18 ,uU Iml) before treatment, but significantly de­
creased in H. pylori-positive children after H. pylori eradication (p < 0.01). In 
all H. pylori-positive children histology showed superficial chronic gastritis of 
the antral mucosa which was active (with polymorphonuclear infiltration) in 
42% of them. Mild superficial chronic gastritis without polymorphonuclear 
infiltration was seen in 30% of H. pylori-negative patients. Six months after 
H. pylori eradication, chronic gastritis was improved in 74% and healed in the 
others; it was unchanged in patients with persistent infection. 

Discussion 

The first part of our study (1982-1987) showed that ranitidine was very effective 
in peptic ulcer disease in children. The healing rate was 96% at 8 weeks and 
100% at 6 months. Nonresponders to ranitidine were not found in our pediatric 
population. The relapse rate after ranitidine was discontinued was 47%, lower 
than it is in adults after H2 receptor antagonists [9], and no relapses were seen 
on maintenance therapy. It is interesting to note that four patients with 
duodenal ulcers at first endoscopy developed gastric ulcers when relapsed, 
suggesting that in the same patient H. pylori can cause both gastric or duodenal 
ulcers. 

When we looked for factors predictive of relapse, we found that, where ulcers 
relapsed, children had higher pretreatment levels of serum pepsinogen I [7], and 
superficial chronic gastritis of the antral mucosa was more frequent and more 
severe than in nonrelapsed children. Since we had found that children with 
H. pylori-positive gastritis had higher serum levels of pepsinogen I than 
H. pylori-negative children [10], we reviewed the slides of the antral mucosa and 
found that all children who relapsed were H. pylori positive. Therefore we 
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suspected that infection favored relapse. We tried to eradicate the infection in all 
H. pylori-positive children, both relapsed and nonrelapsed, discontinued raniti­
dine maintenance and repeated endoscopy every 6 months. 

The second part of our study (1987-1990) showed that H. pylori eradication 
minimized the relapse rate. No relapses were seen in H. pylori-negative children, 
but out of five patients with persistent or recurrent infection two male patients 
with duodenal ulcer relapsed after 1 and 3 years, respectively. H. pylori-positive 
duodenal ulcers were more frequent in males, whereas in females duodenal 
ulcers were more frequently H. pylori negative and none relapsed. This finding 
can explain why in young females the clinical history of peptic ulcer is usually 
more favorable. 

Our results are similar to those reported in adults. After H. pylori eradic­
ation with colloidal bismuth subcitrate (CBS) plus antibiotics, the relapse rate 
has been reported to be very low [3-5], but, since in adult studies CBS was 
always used, it is not yet clear whether this result is due to H. pylori eradication 
or to CBS-induced stimulation of prostaglandin production. In our study CBS 
was not used due to its possible toxicity in this age group and we can conclude 
that H. pylori eradication by itself minimized the relapse rate and cured peptic 
ulcer disease. 
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Helicobacter pylori Infection and Gastroduodenal 
Pathology in Children 

G.Oderda 

Immediately after Warren and Marshall's description in 1983 of an association 
between spiral bacteria and antral gastritis in adults, the disease was reported in 
children [1-3]. Subsequent studies showed that Helicobacter pylori was associ­
ated specifically with primary or unexplained gastritis [4], suggesting that the 
organism was a cause of gastric inflammation and was not just colonizing an 
already inflamed gastric mucosa. Several reports also suggested a strong 
association between H. pylori gastritis and duodenal ulcer in children [5-7]. 

Children represent a particularly important population group who may help 
to clarify our understanding of H. pylori infection. They seldom smoke, are 
not heavy alcohol drinkers, and their use of steroids or nonsteroidal anti-inflam­
matory drugs is usually modest. All these factors can worsen endoscopic and 
histologic pictures of the upper gastrointestinal tract and complicate our 
understanding of the mechanisms by which H. pylori causes gastric inflamma­
tion. Nodular antritis, for example, is a peculiar endoscopic picture reported in 
children. It does not seem to be present later in life as it has never been reported 
in adults. Nodules may have various diameters so that the mucosa may appear 
pseudopolypoid or micro nodular. This endoscopic picture is quite specific for 
H. pylori infection: up to 90% of patients with nodular antritis are colonized by 
the organism [1, 3, 8]. Histologic examination of nodular mucosa reveals a high 
degree of inflammatory cell infiltrate consisting mainly of mononuclear cells, 
neutrophils, eosinophils, and an increased number of lymphoid follicles. This 
may be the early stage of gastric inflammation after colonization. 

Children do not usually carry the infection for decades, therefore to study the 
distribution of the infection in this age group in different countries may help us 
to understand the actual distribution of the infection. Indeed, studies carried out 
in children have already shown that the hygienic conditions of the country are 
crucial factors in the spread of the infection. In Western countries the prevalence 
of children colonized with H. pylori is low and varies from 6% to 13 % [6, 9], but 
a higher proportion of infected children are reported from developing countries. 
In Gambia 46% of children have high titers of serum antibodies to H. pylori by 
the age of 5 years [10]. In Peru the 13C-urea breath test showed a prevalence of 
infection in 48% of children by the age of 10 years and was highly correlated 
with the socioeconomic status. The highest prevalence of infection was found 
among children living in households served by water from a community well, 
showing that water could be the source of the infection [11]. Once acquired, the 
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infection appears to persist probably for life, but the mode of transmission to 
humans is still unknown. Useful informations came from studies in families of 
infected children. Despite the variability of the method used or the different 
countries where the studies were performed, infection rates among parents and 
siblings of infected children are significantly higher than those found in the 
normal population in the same age range [6, 12, 13]. Intrafamilial clustering 
of H. pylori infection suggests that person-to-person transmission within the 
family is likely. 

Studies in children have also shown a correlation between H. pylori infection 
and symptoms, this is not yet well defined in adults. The organism is found in 
10%-24% of children undergoing endoscopy for various complaints [14, 15], 
but the prevalence of the infection increases to 62% in children undergoing 
endoscopy for recurrent abdominal pain [16]. 

Studies on peptic ulcer disease in children showed some important differ­
ences between H. pylori-associated duodenal ulcer and ulcer without the infec­
tion [17, 18]. Treatment of peptic ulcer with an antibiotic combination but 
without a bismuth compound significantly lowered the relapse rate among 
children in whom H. pylori was eradicated [7]. These data helped to clarify the 
fact that the low relapse rate is due to H. pylori eradication rather than to 
bismuth-induced stimulation of prostaglandin production. 

Furthermore, important information that could clarify the involvement of 
H. pylori in the pathogenesis of gastritis and/or duodenal ulcer came from 
studies performed in children. Gastric glycerolipid (as a receptor for the 
microorganism) has been shown to be present in smaller amount in the infant 
stomach [19]; bacterial adhesion to specialized attachment sites represents an 
important aspect of pathogenicity. A decreased histamine concentration in 
oxyntic mucosa was found in children with H. pylori gastritis compared to 
controls. The concentration was even lower in children with H. pylori­
associated duodenal ulcer and was supposed to be due to increased mobilization 
of endogenous mucosal histamine with store depletion [20]. 

Histamine has long been recognized as a gastric secretagogue, and its 
increased release may lead to a low intraduodenal pH, thus preventing mucosal 
reparative processes. 

Stimulation of gastric acid secretion due to increased gastrin release has been 
suggested to be another mechanism linked to H. pylori in the pathogenesis of 
duodenal ulcer disease, and it has been shown that the serum gastrin concentra­
tion in children with H. pylori gastritis fell after eradication of H. pylori by 
antibiotics [21]. 

Pepsin I is known to be increased in duodenal ulcer patients, and pepsinogen 
I levels are increased in their serum. This phenomenon was believed to have a 
genetic origin, but studies in children have shown that serum pepsinogen I levels 
are related to the severity of gastric inflammation associated with H. pylori [22] 
and decrease after eradication [21]. A family study in children with peptic ulcer 
has shown that increased serum pepsinogen I levels in relatives are related to 
H. pylori infection acquired by the relatives themselves [18]. Recently H. pylori 
has been shown to stimulate pepsin secretion from rabbit gastric glands [23], 
but this study did not clarify whether there is an actual increase in pepsinogen 
secretion or rather a diversion of normal secretion, and whether H. pylori 
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eradication would be followed by normalization of pepsinogen secretion. Again, 
the answer to these questions came from studies on children. The concentration 
of pepsin in antral mucosa of children with H. pylori gastritis is significantly 
lower as compared to controls, but pepsinogen stores are similar. Serum 
pepsinogen I levels are inversely correlated with mucosal pepsin concentration, 
suggesting an abnormal leakage of pepsin from damaged chief cells, without an 
actual increase in pepsinogen production. Serum pepsinogen I and mucosal 
pepsin return to control levels after H. pylori eradication (personal observation). 

In conclusion, children are a good model to study H. pylori gastritis. Even if 
the infection is less frequent in this age group and the series of children studied 
are usually small, their gastroduodenal mucosa is seldom damaged by factors 
other than H. pylori infection, and mechanisms by which H. pylori causes 
gastritis are easier to study in this population group. 
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Solubility Characteristics of Different Bismuth Salts 
in Gastric Juice 

G. Bodel, P. Malfertheiner1, S. Harlel, V. Krivan2 , and H. Ditschuneit1 

Bismuth preparations are used for the treatment of various gastrointestinal 
disorders [1-3]. Various bismuth salts have recently become available for the 
treatment of Helicobacter pylori related gastroduodenal diseases [4-6]. Despite 
several beneficial effects of bismuth on the gastroduodenal mucosa, the antibac­
terial effect against H. pylori appears the most important. Relatively little is 
known about the mechanisms of bismuth in vivo [7, 8]. 

Most bismuth salts are insoluble in water and when ingested they are 
converted in the stomach into different insoluble bismuth complexes such as 
bismuth oxide, bismuth hydroxide, bismuth oxychloride, and to a variety of yet 
unknown complexes [9, 10]. The precise metabolism of these bismuth salts is 
not known. Part of the compounds generated seem to act topically on the 
inflamed tissue [11], whereas other bismuth complexes may interfere with 
H. pylori by inhibiting growth [12]. 

Little is known on the nature and fate of bismuth salts after exposure to the 
gastric juice. We therefore investigated the solubility of various bismuth salts in 
human gastric juice in vitro and tried to characterize the generated bismuth 
complexes by ultrastructural means. 

Material and Methods 

Gastric Juice Preparation 

Gastric juice was sampled and pooled from patients during routine gastroscopy 
and freed from coarse particles by centrifugation (10 min; 3000 rpm, 4°C). As 
the application of an antifoaming detergent normally used during endoscopic 
manipulation influenced the solubility of bismuth salts in an unexpected 
manner, this compound was omitted in the presented study. 

Solubility Experiments and Bismuth Analysis 

Gastric juice samples were incubated with an oversaturation of bismuth salts for 
different time intervals (15,30,45,60, and 90 min) and at different pH values (pH 
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1.5-7.5) at 37°C in a waterbath with continuous shaking. The pH level was 
adjusted to the desired value with aqueous sodium hydroxide. The following 
bismuth salts were studied: bismuth subcitrate (BSC l)' bismuth subsalicylate 
(BSS), bismuth subgallate (BSG), bismuth subcarbonate.(BSC 2 ), bismuth alu­
minate (BA), and bismuth subnitrate (BSN). After incubation, samples were 
centrifuged and passed through a microfilter (0.22 ,urn). Bismuth concentrations 
in gastric juice samples were analyzed using an atomic absorption spectro­
photometer equipped with a specific bismuth light source after digestion of the 
sample with a HN0 3 solution in an appropriate concentration to avoid 
destabilization of samples. Calibration was performed by the addition of a stock 
solution of defined bismuth concentration to the gastric juice. The lower limit of 
detection of bismuth by this method is about 1.0 ng/ml. The coefficient of 
variation was within 5%. 

Electron Microscopy 

Bismuth salts were investigated by scanning electron microscopy before and 
during incubation experiments with a Philips EM 500 after air drying and 
sputter coating. Additionally the negative staining technique (2% phospho­
tungstic acid, pH 7.0) was used to visualize colloidal bismuth particles in gastric 
juice after incubation with bismuth salts under the described conditions. 

Results 

The various bismuth salts are characterized by their different crystal structure as 
revealed by electron microscopy (Fig. 1): prismatic structures (BSS. Fig. la), as 
well as tetragonal (BSC2 • Fig. Id) or concentric formations (BSCl , Fig. Ie) are 
detected. 

All salts investigated showed a specific pH optimum where the highest 
absolute solubility (ppm) was detected (Table 1). BSC l showed highest solubil­
ity of all salts covering a broad pH range (3.0-7.0). BSG and BSC 2 showed 
highest solubility at normal pH of gastric juice (pH 1.5-2.0), whereas others are 
more soluble at higher pH values (BSS 4.5-5.5 and BSN 3.0-5.0). 

Electron microscopy revealed that BSC 1 generates rather homogenous 
colloidal particles (5-10 nm) in gastric juice with a tendency to form aggregates 
at higher pH values (Fig. 2a). The other bismuth salts showed similar particles 
in size and shape. However, the amounts of these particles differ, depending on 
the solubility of the salt (Fig. 2b, c). 

Using scanning electron microscopy we found morphological alterations 
only with the BSC 1 preparation after contact with gastric juice. The mean 
diameter of the spherical crystal particles is smaller after incubation. In addition, 
small colloidal particles were detected. 
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Fig. la-f. Scanning electron microscopy of different bismuth salts. a Bismuth subsalicylate; b bis­
muth subnitrate; c bismuth aluminate; d bismuth subcarbonate; e bismuth subcitrate; f bismuth 
subgallate. a-d, f x 15000; e x 1000 
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Table I. Solubility characteristics of different bismuth salts in gastric juice 

Salt pH optimum Solubility at Solubility at Solubility at 
the pH optimum pH 1.5- 2.0 pH 6.5- 7.0 

(ppm) (ppm) (ppm) 

BSC l 3.0-7.0 10000 10000 10000 
BSS 4.5-5.5 55 10 25 
BSG 1.5-2.0 50 50 2 
BSC 2 1.5-2.0 45 45 4 
BA 3.0-5.0 22 5 10 
BSN 3.0-5.0 10 10 4 

a 

• 

c 
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Discussion 

These results show that all the investigated bismuth salts have their individual 
pH optimum in gastric juice regarding solubility. This pH for optimal solubility 
ranges from BSG, requiring the lowest pH, to BSS with the most alkaline pH. 

The reason for the different behavior of bismuth salts is likely to be due to 
the complexity of chemical structures bismuth compounds are able to form: the 
formation of polymeric particles depends on the pH of gastric juice and the 
formation of complexes on the presence of other charged molecules in the gastric 
juice [13-15]. One part of the generated complexes may react with proteins, 
pep tides, and free amino acids, leading to larger complexes and to precipitation 
on epithelial lesions. This kind of bismuth coating develops a local antipeptic 
effect at the ulcer site. This property seems to be strongly pH dependent because 
precipitated bismuth complexes are partly redissolved if the pH falls below 2. 
This is supported by investigations of Koo et al. [11], who showed that bismuth 
citrate has a selective coating affinity for the ulcer base and that this effect is 
hardly detectable with other commonly used bismuth compounds. The antiulcer 
effect of bismuth salts is far more complex than simple precipitation within the 
ulcer crater. The fact that small colloidal bismuth particles are found within 
H. pylori organisms and within epithelial surface cells demonstrates the possibl­
ity that these particles can penetrate the bacterial cell wall and cell membranes. 
It is assumed that only BP + ions are able to pass membranes and accumulate at 
certain membrane structures where they precipitate with sulfated groups of 
carbohydrates [16] or with the ATP/ATPase complex [15]. These colloidal 
bismuth particles may represent the biological active component exerting a 
bacteriostatic or bactericidal effect on H. pylori. 

The direct comparison of different bismuth salts in vitro shows marked 
differences in the minimal inhibitory concentration (MIC) values and may be 
explained by their different capacity to dissolve. It is also possible that different 
crystalline structures generated in the gastric juice may also playa role in this 
respect [17]. 

The detection of a distinct complex with a well-defined size of 5-10 nm in all 
investigated salts seems to represent a characteristic property of all investigated 
bismuth salts. The same colloidal complex is found within the cell membrane of 
H. pylori after contact with these bismuth complexes in vitro (Fig. 3) and may 
thus represent a common mechanism inherent to bismuth salts. 

Some properties of bismuth salts in vitro such as the solubility and the 
different minimal inhibitory concentrations which were detected with these salts 
against H. pylori in vitro [7] may be explained by the ability to form colloidal 
complexes. 

The efficacy of a bismuth salt against H. pylori in gastric juice depends on 
the availability of such bactericidal bismuth complexes, and further studies will 
show if the efficacy of these salts can be improved by enhancing their solubility . 

.. 
Fig. 2a-c. Negative contrast electron microscopy of bismuth particles in gastric juice. a Bismuth 
subcitrate; b bismuth subsalicylate; c bismuth subnitrate. x 114 000 
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Fig. 3. Ultrathin section of H. pylori after exposition to bismuth subsalicylate (321Ig/ml) x 144000 
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Assessment of Susceptibility of Helicobacter pylori 
to Tinidazole, Amoxicillin and Tetracycline 
Among 555 Patients 

D. Famereel, B. RamdanF, and V. Lamy2 

Introduction 

Most antibiotics are effective in vitro against Helicobacter pylori [1-3], but 
clinical failures have often been observed in our own practice as well as in the 
literature [4]. We therefore tested the susceptibility of the strains of Helicobacter 
pylori to three currently used antibiotics: tinidazole, amoxicillin, and tetra­
cycline. 

Material and Methods 

Between February 1988 and October 1990, 721 antral biopsies for H. pylori 
culture were obtained from 555 patients referred to the endoscopic unit. The 
isolated H. pylori strains were subsequently checked for sensitivity to anti­
biotics. The average age of patients was 50.8± 15.1 years (53.2± 15.5 years 
for females, 48.9 ± 15.1 years for males) and the sex ratio male/female was 1.3. 

Transport of the biopsies to the laboratory was carried out in a saline 
solution as soon as possible. Tissue biopsies were crush plated on chocolate agar 
and Martin-Lewis agar (Becton Dickinson) and cultured at 37°C under micro­
aerophilic conditions (Anaerocult C mini, Merck). As soon as the culture was 
positive, susceptibility to antibiotics was checked by a disk diffusion test. The 
inoculum had a density of no. 0.5 MacFarland Standard and the medium was 
Muller Hinton medium supplemented with 5% horse blood. Only one anti­
microbial disk (Neosensitabs, Rosco) was tested on each plate. Plates were 
incubated for 3 days at 37°C under microaerophilic conditions. Inhibition zones 
were measured and recorded. All the strains were tested for tinidazole suscepti­
bility. Resistant strains were further tested for amoxicillin and tetracycline. 

Results 

From the initial 555 patients (245 females and 310 males), 75.5% were sensitive 
to tinidazole (76.7% of females, 74.2% of males). 

1 Microbiological Unit, H6pital Civil de Jumet, 73 rue de Gosselies, 6040 Charleroi, Belgium 
2 Gastroenterological Unit, H6pital Civil de Jumet, 73 rue de Gosselies, 6040 Charleroi, 
Belgium 

J.M. Pajares et al. (Eds.) 
H. pylori and Gastroduodenal Pathology 
© Springer-Verlag Berlin Heidelberg 1993 
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Biopsy cultures from 136 tinidazole-resistant patients were further tested for 
amoxicillin and tetracycline susceptibility; 132 (97%) were sensitive to amoxicil­
lin and 135 (99%) were sensitive to tetracycline. A total of 125 patients (22.5%) 
have been biopsied several times (two to six). The mean follow-up time was 22 
weeks (4-88 weeks). Among these patients 51 (40.8 %) showed a change in 
susceptibility: 43 (34.4%) tinidazole-sensitive patients became resistant when 
controlled (16 females and 27 males). The mean follow-up time was 20 weeks 
(4-76 weeks). Eight (6.4%) tinidazole-resistant patients became sensitive when 
controlled (six women and one man). 

Discussion 

Our study seems to confirm that the susceptibility of H. pylori to the routinely 
used antibiotics is good. However, resistance seemed to be raised especially to 
tinidazole, probably because it is the most widely used in our country. Therefore 
we think it is important to test the susceptibility of H. pylori to antibiotics before 
each treatment. Onset of resistance to tinidazole in the treated patients makes it 
necessary to repeat control of susceptibility as often as possible. This resistance 
appearing in patients not treated by this drug is surprising, and may possibly 
due to reinfection by a different strain. However, most of our patients are 
referred to the endoscopic unit and we have no details of their prior treatment. 

On the other hand, we have observed strains previously resistant becoming 
sensitive to tinidazole. 

We can imagine that H. pylori with no contact to tinidazole recovers 
susceptibility to this drug. In our series differences between the sexes is not 
statistically significant, mainly with regard to tinidazole resistance. 

Even if amoxicillin and tetracycline are the most efficient on H. pylori in 
vitro, we obtained the same discouraging results as in the literature [4-6J with 
regard to the eradication of H. pylori. 

Conclusion 

More research is needed to investigate which factors, such as a previous intake 
of antibiotics, could induce a resistance. It is worthwhile checking H. pylori 
susceptibility before starting any antibiotic treatment, mainly tinidazole. 
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In Vivo Acquired Resistance to Fluorquinolones 
in Helicobacter pylori During Therapy 
with Ciprofloxacin Alone or Ciprofloxacin 
plus Amoxicillin Clavulanate 

R. Canton 1, L. de Rafael 1 , D. Boixeda 2, M.T. Serrano 1 , 

M. Garcia-Gonzalez 2 , and F. Baquero 1 

Introduction 

In vitro Helicobacter pylori is susceptible to several antimicrobial agents [1-3]. 
However, the long-term eradication of this organism from the gastric mucosa 
after a 3- or 4-week therapy seems rather difficult. In most cases a single-drug 
therapy is remarkably ineffective, and even the association of two or three 
substances achieves only the clearance or temporal eradication of H. pylori from 
the colonised gastric mucosa in humans. Relapse following what appears to be a 
successful treatment is common and probably due to incomplete eradication of 
this organism [4]. The conventional therapy includes not only the antimicrobial 
agents, but also gastric inhibiting substances [5]. 

In the present work, therapy with ciproftoxacin plus ranitidine and cipro­
ftoxacin plus amoxicillin clavulanate plus ranitidine was evaluated, both 
in microbiological and clinical terms. These agents were selected after a rou­
tine susceptibility evaluation with different H. pylori strains isolated in our 
laboratory. 

Materials and Methods 

Patients and Biopsy Specimens. A total of 266 patients (166 men and 100 women) 
with ages ranging from 15 to 79 years (mean age 47.4 years) and clinical 
symptoms related to gastroduodenal pathology were studied. They underwent 
oral endoscopy. When possible, four samples from each patient were obtained 
by endoscopy (duodenal bulb, gastric antrum, body and fundus) to investigate 
the presence of H. pylori. An additional ulcer sample was obtained from patients 
with this disease. 

Microbiological Study. Biopsy specimens were processed within 1 h of being 
obtained. Each biopsy specimen was smeared onto a culture plate and then 
rubbed onto a slide to be Gram stained. The culture plate consisted of 
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commercial Columbia agar supplemented by sheep's blood (5%), polymyxin B 
(5000 Ufl), amphotericin B (2 mgjI), trimethoprim (10 mgjI) and vancomycin 
(15 mgjI) (Biomedics SL, Madrid). Plates were incubated for 7 days at 37°C 
under an microaerophilic environment (5% O 2 , 10% CO 2 and 85% N 2 ) 

(Campylobacter Microaerophylic System, Difco, Detroit). H. pylori was identi­
fied by the typical morphology (S-curved bacilli) and positive reactions for 
oxidase, catalase and urease (rapid). A patient was considered to be infected with 
H. pylori when at least one sample was positive by the Gram stain and/or 
culture. In the Gram stain examination a patient was considered to be positive 
for H. pylori when microscopic structures consistent with H. pylori were 
observed on at least one of the four slides. Similarly, a patient was considered to 
be culture positive when at least one of the four plates yielded this organism. 

Susceptibility Testing. The antibiotic susceptibility of daily isolates was deter­
mined by the disk-diffusion method. Well-isolated colonies of H. pylori were 
transferred with a wire loop to a tube containing saline solution. Turbidity was 
adjusted to the 1 standard of the McFarland scale. A swab soaked in this 
suspension was rubbed, according to the National Committee for Clinical 
Laboratory Standards, (NCCLS guidelines; USA) [6] onto the surface of plates 
containing Columbia agar supplemented with sheep's blood (5%). Penicillin (to 
jlg), amoxicillin/clavulanic acid (20/10 jlg), nalidixic acid (30 jlg), and ciprofloxa­
cin (5 jlg) disks were purchased (Oxoid Espana SA Madrid, Spain; Diagnostic 
Pasteur Mames la Coquette, France). The plates were incubated at 37°C for 7 
days under an atmosphere containing 5% O 2 , 10% CO 2 and 85% N 2 • An H. 
pylori strain was considered sensitive when the inhibition zone was greater than 
30 mm. A zone of no inhibition represented a resistant strain. 

Therapy. Among 13 patients with gastric mucosa colonised with a fluorquinol­
one-sensitive H. pylori strain, six were randomised to receive ciprofloxacin 
(Baycip, Quimica Farmaceutica Bayer) (500 mgq 12 h for 21 days) and raniti­
dine (Zantac, Glaxo) (150 mgq 12 h for 30 days); and seven ciprofloxacin 
(500 mgq 12 h) plus amoxicillin/clavulanic acid (Augmentine, Beecham Labora­
tories) (500 mg q 8 h) for 21 days and ranitidine (150 mg q 12 h) for 30 days. The 
microbiological study was repeated at the end of treatment and 3 months there 
after. 

Results 

The results of the H. pylori susceptibility test from patients not previously 
treated are shown in Fig. 1. All strains were uniformly sensitive to penicillin and 
amoxicillin/clavulanic acid. Although all strains tested were resistant to nali­
dixic acid, the quinolones such as norfloxacin and ciprofloxacin were active. 
Their percentages of sensitivity were 69.3% and 98.6%, respectively. 

The H. pylori strains isolated from patients before therapy with ciprofloxacin 
or ciprofloxacin plus amoxicillin/calvulanic acid were always susceptible to 
norfloxacin and ciprofloxacin (Tables 1, 2). None of the H. pylori isolates from 
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Penicillin 

Amox ./clav 

Nalidixic ac. 

Norfloxacln 

Clprofloxacln 

Helicobacter pylori 
Susceptibility testing 

(before treatment) 

o w ~ 00 00 100 
% strains 

Fig. 1. Helicobacter pylori susceptibility 
testing (before treatment). Shaded columns, 
resistant; Open columns, sensitive 

the six patients treated with ciprofloxacin and ranitidine was eradicated, even 
after 30 days of therapy. In four of six patients (66.6%), quinolone-resistant H. 
pylori strains were recovered after treatment. 

In three out of the seven patients treated with ciprofloxacin plus amoxicillin/ 
calvulanic acid and ranitidine, H. pylori was not recovered by culture from the 
gastric mucosa after 30 days of therapy. In the four remaining patients only 
scattered colonies of H. pylori were obtained after 30 days of therapy. Neverthe­
less, none of the isolates was resistant to norfloxacin and/or ciprofloxacin. A new 
biopsy for culture was obtained 3 months after the end of therapy and in all 
cases H. pylori was recovered again. 

Discussion 

The lack of a "gold standard" in the therapy of H. pylori associated infection is 
due to the development of resistance to antibacterial agents and failure to 
eradicate this organism from the gastric mucosa. Although several antimicro­
bials, such as erythromycin, metronidazole, tinidazole, ofloxacin and ciprofloxa­
cin, and bismuth-containing compounds have good in vitro activity [1 - 3], their 
effectiveness in vivo is disappointing [7- 9]. 

The results of in vitro studies show that ciprofloxacin and other fluorquinol­
ones are highly effective against H. pylori [1 - 3]. Ciprofloxacin with minimal 
inhibiting concentrations ranging from 0.06 to 2/L/ml was more active than 
ampicillin or amoxicillin (MIC values 0.01 - 1 /Lg/ml. As previously reported 
[10], ciprofloxacin maintains a moderate activity even at acid pH levels, and the 



T
ab

le
 I

. 
C

ul
tu

re
 f

ol
lo

w
up

 o
f 

pa
ti

en
ts

 t
re

at
ed

 w
ith

 c
ip

ro
fl

ox
ac

in
 (

50
0 

m
g 

q 
12

 h
) 

fo
r 

21
 d

ay
s 

pl
us

 r
an

it
id

in
e 

(1
50

 m
g 

q 
12

 h
) 

fo
r 

30
 d

ay
s 

w
 

0 0
0

 

Su
sc

ep
tib

ili
tie

s 
D

uo
de

na
l 

an
d 

ga
st

ri
c 

bi
op

si
es

 

P
at

ie
nt

 
D

ay
 

P 
A

ug
 

N
al

 
N

or
 

C
ip

 
B

ul
b 

A
nt

ru
m

 
B

od
y 

F
un

du
s 

U
lc

us
 

°
 S 

S 
R

 
S 

N
T

 
+

 
+

 
+

 
+

 
30

 
S 

S 
R

 
R

 
R

 
+

 
+

 
+

 
+

 
12

0 
N

T
 

N
T

 
N

T
 

N
T

 
N

T
 

N
T

 
N

T
 

N
T

 
N

T
 

N
T

 

2 
0 

S 
S 

R
 

S 
N

T
 

+
 

+
 

+
 

30
 

S 
S 

R
 

R
 

S 
+

 
+

 
12

0 
S 

S 
R

 
R

 
R

 
+

 
+

 
+

 
+

 
3 

°
 S 

S 
R

 
S 

S 
+

 
+

 
+

 
+

 
30

 
S 

S 
R

 
R

 
R

 
+

 
+

 
+

 
+

 
+

 
12

0 
S 

S 
R

 
R

 
R

 
+

 
+

 
+

 
+

 
4 

0 
S 

S 
R

 
S 

S 
+

 
+

 
+

 
30

 
S 

S 
R

 
S 

S 
+

 
+

 
+

 
12

0 
S 

S 
R

 
S 

S 
+

 
+

 
+

 
+

 
5 

0 
S 

S 
R

 
S 

S 
+

 
+

 
+

 
30

 
S 

S 
R

 
S 

S 
+

 
+

 
+

 
12

0 
N

T
 

N
T

 
N

T
 

N
T

 
N

T
 

N
T

 
N

T
 

N
T

 
N

T
 

6 
0 

S 
S 

R
 

S 
S 

+
 

+
 

+
 

30
 

S 
S 

R
 

R
 

R
 

+
 

+
 

+
 

12
0 

S 
S 

R
 

R
 

R
 

+
 

+
 

+
 

+
 

• 0
, B

ef
or

e 
tr

ea
tm

en
t;

 3
0,

 e
nd

 o
f t

re
at

m
en

t;
 1

20
, 3

 m
on

th
s 

af
te

r 
en

d 
of

 tr
ea

tm
en

t. 
P,

 p
en

ic
ill

in
, A

ug
, a

m
ox

ic
il

li
n/

cl
av

ul
an

at
e;

 N
al

, 
na

lid
ix

ic
 a

ci
d;

 N
O

R
, 

no
rf

lo
xa

ci
n;

 C
IP

, 
ci

pr
of

lo
xa

ci
n;

 S
, 

su
sc

ep
tib

le
; 

R
, 

re
si

st
an

t;
 N

T
, 

no
t 

te
st

ed
. 

~
 

n po
 

i:I
 o· i:I
 

~
 

~
 



T
ab

le
 2

. 
C

ul
tu

re
 f

ol
lo

w
 u

p 
of

 p
at

ie
nt

s 
tr

ea
te

d 
w

ith
 c

ip
ro

fl
ox

ac
in

 (
50

0 
m

g 
q 

12
 h

) 
pl

us
 a

m
ox

ic
ill

in
/c

al
vu

la
na

te
 (

50
0 

m
g 

q 
8 

h)
 f

or
 2

1 
da

ys
 p

lu
s 

5'
 

ra
ni

ti
di

ne
 (

15
0 

m
g 

q 
12

 h
) 

fo
r 

30
 d

ay
s.

 
<:

 
:;:.

 
0 

Su
sc

ep
tib

ili
tie

s 
D

uo
de

na
l 

an
d 

ga
st

ri
c 

bi
op

si
es

 
>

 
C"

l 
..c

 
Pa

ti
en

t 
D

ay
· 

P 
A

ug
 

N
al

 
N

or
 

C
ip

 
B

ul
b 

A
nt

ru
m

 
B

od
y 

F
un

du
s 

U
lc

us
 

~.
 

P
-

O
 

S 
S 

R
 

S 
S 

+ 
+ 

+ 
::0

 

30
 

~. 
12

0 
S 

S 
R

 
S 

S 
+ 

+ 
+ 

+ 
+ 

'" = C"l 
S 

R
 

S 
S 

" 
2 

0 
S 

+ 
+ 

+ 
+ 

+ 
0-

30
 

S 
S 

R
 

S 
S 

+
b

 
+

b
 

+
b

 
+

b
 

+
b

 
:!l

 
12

0 
S 

S 
R

 
S 

S 
+ 

+ 
+ 

+ 
+ 

s:: 0 .., 
3 

0 
S 

S 
R

 
S 

S 
+ 

+ 
+ 

+ 
..c

 E.
 

30
 

= 0 
12

0 
S 

S 
R

 
S 

S 
+ 

+ 
+ 

+ 
0

' = " 
4 

0 
S 

S 
R

 
S 

N
T

 
+ 

+ 
+ 

'" 
30

 
5·

 

12
0 

S 
S 

R
 

S 
S 

+ 
+ 

+ 
+ 

;x: 

S 
S 

~
 

5 
0 

S 
S 

R
 

+ 
+ 

+ 
C

 
+

b
 

+
b

 
+

b
 

... 
30

 
S 

S 
R

 
S 

S 
-. 0 

12
0 

N
T

 
N

T
 

N
T

 
N

T
 

N
T

 
N

T
 

N
T

 
N

T
 

N
T

 
s:: ::!

. 
6 

0 
S 

S 
R

 
S 

S 
+ 

+ 
+ 

= OQ 
30

 
S 

S 
R

 
S 

S 
+

b
 

+
b

 
+

b
 

--
l =-

12
0 

S 
S 

R
 

S 
S 

+ 
+ 

+ 
" .., '" 

7 
0 

S 
S 

R
 

S 
S 

'"0
 

+ 
+ 

+ 
'<

 

30
 

N
G

 
N

G
 

N
G

 
N

G
 

N
G

 
+

b
 

+
b

 
+

b
 

12
0 

S 
S 

R
 

S 
S 

+ 
+ 

+ 

·0
, 

B
ef

or
e 

tr
ea

tm
en

t; 
30

, e
nd

 o
f 

tr
ea

tm
en

t; 
12

0,
 3

 m
on

th
s 

af
te

r 
en

d 
of

 tr
ea

tm
en

t. 
bS

ca
tt

er
ed

 c
ol

on
ie

s;
 P

, 
pe

ni
ci

lli
n,

 A
ug

, 
am

ox
ic

ill
in

/c
la

vu
la

na
te

; 
N

al
, 

na
lid

ix
ic

 a
ci

d;
 N

O
R

, 
no

rf
lo

xa
ci

n;
 C

IP
, 
ci
p~
?f
lo
xa
ci
n;
 N

T
, 

no
t 

te
st

ed
; 

N
G

, 
no

 
w

 
0 

gr
ow

th
 o

n 
an

ti
bi

ot
ic

 s
en

si
tiv

ity
 t

es
t 

pl
at

es
. 

\0
 



310 R. Canton et al. 

concentrations obtained in the gastric mucosa 6 h after an oral dose (500 mg) 
were 50-tOO times greater than the MIC range and decreased beyond this 
period [11]. 

Although this study seemed promising, none of our patients treated for 3 
weeks with ciprofloxacin was free from H. pylori, and resistance to ciprofloxacin 
with cross-resistance to other fluorquinolones was demonstrated in 66.6% 
of our patients. These findings are in agreement with those reported by 
Glupczynski et al. [8] and Martens et al. [12]. 

In a recent in vitro study Haas et al. [13] found the emergence of fluorquin­
olone-resistant H. pylori strains. These were exposed to subinhibitory concen­
trations of ciprofloxacin. The acquired resistance was also stable over the period 
studied. In vivo this circumstance could be due to prolonged intervals of 
subinhibitory concentrations at the site of infection and should lead to the 
selection of resistant strains. 

To our knowledge, data on the emergence of amoxicillin-resistant H. pylori 
strains have not yet been reported. With serial passages, an in vitro selection 
method of resistant strains, H. pylori strains were selected with amoxicillin MIC 
values higher (0.06-0.2 ,ug/ml than that ofthe original isolate (0.004-0.03 ,ug/ml, 
but the organism was still considered sensitive to amoxicillin. Moreover, the 
spontaneous resistance rate was low and did not correlate well with the ability 
to increase the MIC for amoxicillin [13]. 

Interestingly, clavulanic acid is also active against H. pylori in vitro [1] and 
resistance has not yet been reported. 

As ciprofloxacin did not eradicate H. pylori from the gastric mucosa, it was 
associated with amoxicillin/clavulanic acid to enhance their antibacterial effect 
and to decrease the development of resistant strains. The association of cipro­
floxacin plus amoxicillin/clavulanic acid achieved the eradication of H. pylori in 
43% of our patients after 30 days of therapy; in the remaining patients only 
scattered colonies were obtained. Unfortunately, this eradication should be 
considered a clearance because H. pylori was recovered again 3 months after the 
end of therapy. However, amoxicillin/clavulanic acid seems to prevent the 
emergence of fluorquinolone-resistant variants during a combined therapy. 
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Treatment of Helicobacter pylori-Positive Lesions: 
13e-Urea Breath Test Monitoring 
and Morphology 

F.E. Bauerl, G. Lepsien 2 , I. Meineke 1, J.V. Geletneky l, A. Schauer\ 
and F.E. Liidtke 2 

Introduction 

Helicobacter pylori (HP) is now generally accepted as a major pathogenetic 
factor in antral gastritis and ulcer disease [1-5]. The evidence which links HP 
infection to peptic ulceration is strongest in duodenal ulcer (DU) and less 
powerful in gastric ulcer (GU). As far as DU is concerned, however, eradication 
of infection markedly alters the natural history of the disease [6, 7]. Therefore, 
very recently the Sidney Working Party on Gastroenterology recommended HP 
eradication in patients suffering from DU [4]. 

At present a variety of therapeutic regimens is under investigation, but only 
limited information is available. Even though the triple therapy (bismuth 
compounds, amoxycillin/tetracycline, metronidazole) achieves most effective 
eradication rates, treatment of HP is considered to be unsatisfactory regarding 
the number of drugs which have to be used and the duration of treatment. 

The lack of a simple, non-invasive, but predictive test to evaluate different 
therapeutic regimens is a major obstacle in monitoring the effect of such a 
therapy. 

The diagnostic methods used up to now (microbiology, urease tests, histo­
logy) are all based on endoscopy and therefore unpleasant to the patient, time 
consuming and expensive. Therefore none of them is ideally suited for moni­
toring eradication of HP. 

Since the first description of a 13 C-urea breath test (13 C-UBT) [8] this 
method has been further optimized [9]. The optimized 13C_UBT is completed 
within 30 min and requires as little as 75 mg of urea making it much more 
convenient to patients and staff and considerably cheaper [9]. Now an ideal 
method is available to monitor therapeutic efficacy in patients suffering from 
HP positive lesions. 

The decision whether a patient has an HP-positive or -negative status is 
based on the recovery of 13 CO 2 in breath (expressed as a percentage of dose). 

1 Department of Clinical Pharmacology, Georg August University of Gottingen, 
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Therefore, this method also opens the possibility to examine a possible quantit­
ative relationship between the 13C02 recovery (a measure ofHP mass) and the 
extent of the mucosal lesion. 

The aim of the present study was to monitor HP eradication with the 
13C-UBT in treated patients suffering from gastroduodenal lesions. In addition, 
a possible quantitative relationship between 13C02 recovery and the extent of 
the lesion was investigated. 

Patients and Methods 

Patients 

Since March 1989, 94 patients aged 19-79 years, referred for routine upper 
endoscopy because of ulcer-like symptoms, were enrolled into this study. 
Inclusion criteria were HP-positive DU, GU and non-ulcer dyspepsia (NUD), 
the latter being defined as mucosa without a macroscopically visuable lesion, 
histologically proven chronic gastritis and at least one of the following symp­
toms: epigastric or retrosternal pain, discomfort, heartburn, nausea, vomiting or 
other symptoms considered to be referable to the proximal alimentary tract and 
lasting for at least 4 weeks [10J. Patients were excluded from the study if they 
had an HP-negative status, neoplasm, erosive or ulcerative oesophagitis, re­
cently consumed non-steroidal anti-inflammatory drugs (NSAIDs), partial 
gastrectomy, pregnancy, debilitating diseases or were unable to cooperate. Each 
subject gave written informed consent. The protocol had been approved by the 
local ethics committee. 

Endoscopy and Biopsy 

An upper endoscopy was performed using an Olympus GIF Q fibreoptic 
panendoscope at the following time intervals: before treatment (0), immediately 
after treatment (1 month), and after 3, 6 and 12 months. At every occasion two 
biopsy specimens were taken from the antrum for determination of the gastritis 
score. 

Histological Assessment of Gastritis Score 

Quantitative assessment of chronic gastritis was determined as previously 
described [11]. Briefly, a scoring system ranging from 0 to 10 was used and the 
following parameters assessed: 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 superficial erosions (0-2). 
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Identification of HP Infection 

HP status was assessed using the optimized 13C-UBT as described pre­
viously [9]. Briefly, this breath test has been validated against culture, CLO test 
and fuchsin stain, showing high sensitivity (96%) and specificity (78%). The 
results were comparable with the quality parameters of others [12, 13]. The 
13C-UBT was performed as follows: after fasting for at least 6 hand 30 mins after 
endoscopy, 150 ml 0.1 N citric acid (E. Merck, Darmstadt, FRG) was adminis­
tered to patients to inhibit gastric emptying; 1 min later patients received 20 ml 
0.1 N citric acid containing 75 mg 13C-urea (99% 13C, Tracer Technologies 
Inc., Somerville, MA, USA) followed by 30 ml 0.1 N citric acid ("wash"). 
Breath samples were taken before, and 10, 20 and 30 min after ingestion of urea. 
Breath samples were collected in 20 ml siliconized vacutainers (Becton-Dickin­
son, Lincoln, Park, NJ, USA). The 13C02/12C02 ratio (t5-value) was measured 
by isotope ratio mass spectrometry (IRMS). The results were expressed as % 
dose kg/mmol CO 2 (recovery). HP-negative status was defined as < 0.1 % 
dose kg/mmol CO2, HP clearance as an HP-negative status immediately after 
cessation of treatment, and eradication as an HP-negative status for at least 1 
month after cessation of treatment. 

Treatment design 

Patients were prospectively randomized into groups as shown in Table 1. 

Calculations 

Gastritis scores at the follow-up visits were compared with the score prior to 
treatment and assigned ( + ) when the score was improved or ( - ) when no 
improvement was seen. On the basis of this transformation a sign test was used 
for the statistical evaluation. The critical values were derived from the corres­
ponding binomial distribution. In order to describe the relationship of 13 CO 2 

Table 1. Treatment design (n = 94) 

Group Drug(s) Dose (mg/day) Duration (days) 

1 Famotidine 1 x40 28 
2 BSS 3 x 600 28 
3 Amoxycillin 3x500 28 
4 Cefalexin 3x500 28 
5 Triple therapy 

BSS 3x600 28 
Amoxycillin 3x500 28 
Metronidazole 3x250 10 

6 Famotidine + metronidazole 1 x40 28 
3x250 10 

7 BSS + metronidazole 3 x 600 28 
3x250 10 

Patients of groups 1-4 and 6-7 with primary therapeutic failure or HP relapse turned into group 5. 
BSS: bismuth subsalicylate 
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recovery with the gastritis score, the coefficient of association (Kendall's Tau) 
was calculated. A p value less than 0.05 was considered to be significant. 

Results 

A total of 94 patients were enrolled into the study. Seven dropped out. Of the 
remaining 87 patients, 15 had DU, 22 GU and 50 NUD. The drugs were well 
tolerated. No serious side effects were observed. Six patients who received 
antibiotics suffered from moderate diarrhoea without the need of a dose 
reduction. Four patients suffered from constipation. One patient developed an 
allergy to amoxycillin. 

In Table 2 the therapeutic efficacy of seven regimens with regard to HP 
clearance and eradication is shown. Famotidine and cefalexin had no effect on 
HP status. The mono therapy with bismuth subsalicylate (BSS) or amoxycillin 
led to HP eradication rates of 8% and 20%, respectively. Double therapy 
applying famotidine and metronidazole revealed an eradication rate of 8%. 
Double therapy using BSS and metronidazole and triple therapy achieved 
eradication rates of 67% and 80%, respectively (Fig. 1). 

The effect of treatment on the improvement of the gastritis score is shown in 
Figs. 2-4. HP eradication revealed a significant improvement of the histological 
lesion in both double (BSS + ME; p < 0.0006) and triple treated patients 
(p < 0.03). A persistent HP status was accompanied by failure of the gastritis 
score to improve (Fig. 3). 

The association between 13 CO 2 recovery and the extent of the mucosal 
lesion is demonstrated in treated patients (Table 3 and Fig. 5). A predictive 
relationship exists between 13 CO 2 recovery and gastritis score. This 
"recovery-lesion link" applies for the time immediately after cessation of 
treatment and in the long term (1 month, p < 0.0001; 6 months, p < 0.003). 

Discussion 

The present study provides information on three topics: (a) drug efficacy on HP 
eradication; (b) relationship between HP status and the extent of the mucosal 
lesion; and (c) application and options of the 13 C-UBT in the management of 
patients under therapy. 

Drug Efficacy on HP Eradication 

The results presented above show that neither mono therapy with BSS nor 
mono therapy with antibiotics nor the combination of famotidine with metro­
nidazole led to an acceptable eradication rate of HP. In the present study the 
eradication rate of HP after BSS therapy was only 8%. This is similar to the 
results of other investigators, who report rates between 13% and 33% [11, 



T
ab

le
 2

. 
T

he
ra

pe
ut

ic
 e

ff
ic

ac
y,

 a
ss

es
se

d 
by

 t
he

 1
3

 C
-u

re
a 

br
ea

th
 t

es
t, 

in
 p

at
ie

nt
s 

su
ff

er
in

g 
fr

om
 H

P
 p

os
it

iv
e 

le
si

on
s.

 

T
re

at
m

en
t 

n 
D

ia
gn

os
is

 b
ef

or
e 

D
ia

gn
os

is
 

H
P

 
H

P
 

tr
ea

tm
en

t 
im

m
ed

ia
te

ly
 a

ft
er

 
cl

ea
ra

nc
eb

 
er

ad
ic

at
io

n·
 

tr
ea

tm
en

t 
D

U
 

G
U

 
N

U
D

a 
D

U
 

G
U

 
N

U
D

a 
n 

%
 

n 
%

 

F
am

ot
id

in
e 

11
 

3 
5 

3 
2 

3 
0 

0 
0 

0 
B

SS
 

12
 

4 
2 

6 
0 

1 
4 

8 
67

 
1 

8 
A

m
ox

yc
il

li
n 

10
 

0 
1 

9 
0 

0 
3 

7 
70

 
2 

20
 

C
ef

al
ex

in
 

7 
1 

0 
6 

0 
0 

3 
0 

0 
0 

0 
T

ri
pl

e 
23

 
1 

4 
18

 
0 

2 
3 

20
 

87
 

16
d 

80
 

F
A

M
 +

 M
E

 
13

 
4 

6 
3 

1 
3 

1 
8 

1 
8 

B
SS

 +
 M

E
 

11
 

2 
4 

5 
0 

1 
10

 
91

 
6·

 
67

 

F
A

M
, 

fa
m

ot
id

in
e;

 B
SS

, 
bi

sm
ut

h 
su

bs
al

ic
yl

at
e;

 M
e,

 m
et

ro
ni

da
zo

le
; 

tr
ip

le
, 

B
SS

 +
 A

M
 +

 M
E

; 
D

U
, 

du
od

en
al

 u
lc

er
; 

G
U

, 
ga

st
ri

c 
ul

ce
r;

 N
U

D
, 

no
n-

ul
ce

r 
dy

sp
ep

si
a.

 
a 

D
ia

gn
os

is
 N

U
D

 w
as

 r
ej

ec
te

d 
if 

at
 t

ha
t 

tim
e 

po
in

t 
th

e 
pa

ti
en

t 
w

as
 f

re
e 

of
 s

ym
pt

om
s;

 t
he

 a
dd

it
io

na
l 

im
pr

ov
em

en
t 

or
 d

is
sa

pe
ar

an
ce

 o
f 

ga
st

ri
ti

s 
w

as
 

fa
cu

lta
tiv

e.
 

b 
H

P
 n

eg
at

iv
e 

st
at

us
 i

m
m

ed
ia

te
ly

 a
ft

er
 c

es
sa

ti
on

 o
f 

tr
ea

tm
en

t.
 

• H
P

 n
eg

at
iv

e 
st

at
us

 a
t 

le
as

t 
1 

m
on

th
 a

ft
er

 c
es

sa
ti

on
 o

f 
tr

ea
tm

en
t.

 
d 

O
ut

 o
f 

20
 p

at
ie

nt
s.

 
·O

u
t 

of
 n

in
e 

pa
ti

en
ts

. 

w
 -0'> 'T1
 

t"r1
 

t:C
 '" c " .., ~
 

~
 



Treatment of H. pylori Positive Lesions 

25 ,--------------------------------------

(/l 20 

C 
.~ 
0 15 a. -0 

... 
Q) 10 
.0 

E 
:J 

Z 

UJ 
Cl 

Q) 
'-

10 

o 5 
U 

UJ 4 

.-2 3 

"52 
(j) 

o 1 
Cl 

5 

o 
before 

1 

after 
treatment 

10 0 

UJ 
Cl 

Q) 
'-o 5 
U 

UJ 4 

:E 3 
.;:: 
~ 2 
(j) 

o 1 
Cl 

o 

3 

Months 

Months 

12 

months 

317 

Fig 1. HP status in patients treated 
with triple therapy (bismuth sub­
salicylate, amoxycillin, metronidaz­
ole) : primary therapeutic failure 
13%; eradication rate 80%. After 
HP eradication no relapse ap­
peared within 1 year. Black, HP 
positive; white, HP negative 

Fig 2. Gastritis score in pa­
tients successfully treated with 
triple therapy. There was a sig­
nificant improvement of the 
gastritis score immediately after 
the end of treatment (p < 0.03). 
For Double therapy (bismuth 
subsalicylate, metronidazole) 
p < 0.0006 (not shown) 

Fig 3. Gastritis score in pa­
tients unsuccessfully treated 
with triple therapy: no improve­
ment.of gastritis score immedi­
ately after the end of treatment 



318 F.E. Bauer et al. 

10 0 

lf) 

Cl 

OJ o 5 
U 
lf) 4 

~ 3 

:52 
CfJ 
o 1 

Cl 

o 

Months 

Fig 4. Gastritis score in patients after successful treatment with triple therapy (6 months). Improve­
ment of gastritis score in 10/15 patients (present status) 

Table 3. Association (Kendall's tau) between 13C02 recovery (a measure ofHP mass) and gastritis 
score (0-10) in patients before and after different treatment regimens (see Table 1, nos. 1-7). A 
"recovery-lesion link" is shown after treatment, opening the possibility of non-invasive prediction of 
the extent of the mucosal lesion by the I3C-UBT. 

Time (months) 0 1 6 12 
No. of patients 85 85 27 19 
Condition No treatment End of treatment Post treatment Post treatment 
Kendall's tau 0.12 0.41 0.44 0.25 
Significance NS p < 0.0001 p < 0.003 NS 

NS, not significant. 

'" 0 3 U £> 

'0 
£> 

£> £> £> £> 

E £> E 0.3 

"'" t:l1l 01 £> 
.-'<: ~ OJ 0.03 £> 6. 
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-0 0.01 ,§ 
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0.003 
E-< £> 
tIl 0.01)1 £> 6. £> ::J 

0.0003 

0 2 4 6 8 10 

Gastritis Score 

Fig S. Association between 13C02 recovery (a measure of HP mass) (y axis) and the extent of the 
mucosal lesion (x axis) in patients immediately after cessation of therapy (1 month, successfully 
and unsuccessfully treated patients, n = 46). A recovery-lesion link is demonstrated (Kendall's 
tau = 0.41; p < 0.001). This provides evidence that the non-invasive I3C-UBT reveals predictive 
information on the extent of the mucosal lesion 
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14-17]. With amoxycillin poor HP eradication (20%) was also observed, again 
in agreement with the results in the literature (0%-26%) [11, 18-20J. When 
amoxycillin was given together with omeprazole (20 mg/day), eradication in­
creased to 53% [21]. 

Cefalexin did not influence HP status at all. This is in accordance with the 
findings of Bayerdorffer and Ottenjann [18]. All antibiotics used for mono­
therapy were ineffective ( < 30%) [22]. A poor eradication rate of only 8% was 
also seen with a combination of famotidine and metronidazole; this is similar to 
the findings of other authors (0%-5%) [1, 23]. 

In contrast to the therapeutic regimens discussed so far, the present data 
indicate that long-term HP eradication can be achieved if bismuth treatment is 
combined with metronidazole, or if this therapy is expanded by amoxycillin 
(triple therapy). The eradication rates in the present study are comparable with 
the limited information available in the literature. For double therapy 
(BSS/CBS + tinidazole/metronidazole), eradication rates ranged between 73% 
and 85% [1, 15, 24, 25J, compared with 67% in the present study. Under 
triple therapy, eradication rates ranged between 65% and 94% [7,25-29]. In 
the present study an 80% eradication rate was achieved. 

The key drugs in the treatment of HP infection appear to be bismuth 
compounds and metronidazole. Ultrastructure studies of biopsies of patients 
treated with CBS have shown different effects on HP within 1-2 h: (a) loosing 
of adherence properties of HP on the epithelium; (b) destruction of bacterial 
structure by vacuolization; (c) deposits of bismuth complexes beneath the cell 
wall ofthe bacterium [30,31]. The poor effect of a combination of bismuth with 
H2 blockers may be based on the interference ofH2 blockers with the efficacy of 
bismuth, which depends in part on the presence of acid in the stomach [32]. 
Metronidazole has some inherent advantages compared with other antibiotics 
as its activity is not dependent on pH and it is secreted into the gastric juice 
where it is able to gain access to bacteria deep in the gastric pits [33]. Other 
factors for the poor therapeutic effect, especially of antibiotics, on HP may be: 
poor penetration, local inactivation, inappropriate formulation of the drug, 
inadequate duration of treatment and poor compliance. A special problem of 
metronidazole is the development of resistance. 

Pretreatment resistance depends on geography, age and ethnic origin. In 
Belgium the rate of metronidazole resistance is 17% in native-born patients 
while in immigrants from mediterranean countries resistance ranged from 32% 
( < 30 years) to 59%. In Zaire a resistance rate up to 87% is found [34]. In this 
country many patients have received metronidazole for amoebiasis or giardiasis. 
To predict therapeutic efficacy of metronidazole, a pretreatment assessment of 
sensitivity is mandatory. Combinations of metronidazole with bismuth or 
amoxycillin will reduce the risk of resistance to metronidazole during treatment. 

Relationship Between HP Status and Extent of Mucosal Lesion 

Quantitative Linkage of 13C02 Recovery on the Extent .of Lesion 

As already mentioned, the recovery of 13C02 in breath was expressed as % 
dose kg/mmol CO 2 and was used as a index for the mass of HP. On theoretical 
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grounds it can be ·expected that a high number of HP organisms will metabolise 
a high amount of urea, leading to an increased recovery of 13 CO 2 in breath. 
Because of the known pathogenetic role of HP in peptic ulcer disease, it is likely 
that such a recovery-lesion link exists. Indeed, such a link has been revealed 
immediately after cessation of treatment and in the long term up to 6 months. 
The low number of patients after 12 months (ongoing study) accounts for the 
significance level at this time point. The association before treatment is not as 
strong as in the follow up. At present it is not clear why this is the case. The post­
treatment associations show that recovery of 13C02 (an index of HP mass) 
predicts the gastritis score. Therefore, apart from diagnosis of HP status, the 
non-invasive 13C-UBT is also suitable to give predictive information on the 
extent of the mucosal lesion. In addition, this result contributes to defining the 
casual role of HP in ulcer disease. Information on the recovery-lesion link has 
been described here for the first time and further studies are warranted 
to provide more information on this topic. Using conventional histological 
methods there is some information available regarding HP colonisation and the 
extent of acute inflammation. A significant correlation between HP colonisation 
and the degree (infiltration with lymphocytes and plasma cells) and the activity 
(infiltration with polymorphonuclear neutrophils) of gastritis has been demon­
strated in the antrum and the body of the stomach [35-37]. 

Therapeutic Linkage of HP Eradication on Extent of Lesion 

The second approach to the HP colonisation-inflammation relationship was 
the comparison ofthe gastritis score in the untreated (HP positive) and in the 
treated patients. The study revealed a significant reduction of the gastritis score 
in successfully treated patients. In cases where HP eradication failed no 
improvement in the gastritis score was seen. This result corroborates to the 
pathogenetic role of HP in ulcer disease. Similar results were achieved before 
and immediately after cessation of treatment by others [11, 38-42] and also in 
the long term up to 1 year [11]. 

Application and Options of 13 C-UBT 

As shown in the present study, the 13C-UBT is a noninvasive, predictive, safe, 
rapid and easy method and therefore ideally suited to monitor HP status in 
patients suffering from HP positive lesions. Since the first description in 1987 [8] 
it has been more widely used [9, 12, 13, 43]. The 14C-UBT is even more 
frequently applied because of the general availability of scintillation counters, 
but this test has the major disadvantage of radiation [44-50]. In contrast to the 
14C tracer, the 13C-UBT opens the possibility of a broad application in any 
hospital because the measurement can be done in a few centres where the 
technical equipment is available. Samples are stable for several months 
(F.E. Bauer, unpublished observation) and can therefore be mailed. On this 
basis, our own group has 3 years' experience cooperating with 20 hospitals all 
over Germany. Furthermore, the method is so easy to perform that patients 
themselves could carry out the test at home, as some of the patients in this study 
have done (home testing). 
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In summary, HP is now accepted as a major pathogenetic factor in ulcer 
disease. At least one highly effective and reasonably safe therapy is available 
(triple therapy) which is recommended for routine use in HP-positive DU. For 
GU and NUD, triple therapy should still be restricted to clinical trials. Double 
therapy (i.e. BSS plus metronidazole) is presently under clinical investigation. 
Preliminary data indicate eradication rates comparable with those of the triple 
therapy. The eradication ofHP is a new and highly effective therapeutic concept 
in the successful treatment of DU because it cures the disease. The complete 
interruption of ulcer relapse by HP eradication makes this therapeutic concept 
superior to the H2 blockers which are not able to do so, showing relapse rates of 
up to 100% [51]. 
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Colloidal Bismuth Subcitrate Plus Amoxycillin 
Versus Colloidal Bismuth Subcitrate Plus 080xacin 
in the Treatment of Chronic Antral Gastritis Positive 
for Helicobacter pylori 

M. VincenzP, F. BeninF, M. Martinelli 2 , P. Tessar0 3 , and D. Vincenzi 4 

Introduction 

Helicobacter pylori is indicated as a bacterium responsible for human chronic 
gastritis and is probably one of mapy major pathogenic factors for peptic 
disease. 

Following the first description by Warren and Marshall [1-3] a number of 
studies have shown a close link between colonization and gastritis. This is 
particularly so in the case of active gastritis. Positivity for H. pylori in these cases 
ranges from 70% to 92% compared with 13% for nonactive gastritis. 

The link between H. pylori and gastritis, as well as the association of the 
latter with dyspepsia, prompted therapeutic efforts to eradicate the micro­
organism and to improve dyspeptic symptoms [4]. 

A double therapeutic approach with colloidal bismuth subcitrate (CBS) and 
various antibiotics has been used in different trials to implement long-term 
H. pylori eradication [5-8]. Success may be explained by the local bactericide 
effect of CBS together with the systemic effect of the antibiotic. Another 
assumption is that CBS can make the microorganism sensitive (or more 
sensitive) to antibiotics by damaging its cytoplasmic membrane. 

However, these combinations could have serious side effects, e.g., hyper­
sensitivity to the drug, colitis associated with the use of antibiotics, as well as a 
possible onset of bacterial resistance. 

The best combinations used to date with few side effects are CBS 
plus amoxicillin or CBS plus tinidazole. A triple therapeutic approach is 
more effective in eradicating H. pylori, but it is worsened by a number of side 
effects [7]. 

Materials and Methods 

Sixteen patients (nine women and seven men) had endoscopy of the upper 
digestive tract because of dyspeptic symptoms. Chronic antral gastritis in an 
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active stage and positive for H. pylori was shown in all patients. Gastritis was 
found to be superficial in eight patients and atrophic in the remaining eight 
(according to the Whitehead score). The average age was 48 years (mean 33-72); 
the sex-specific average was 41.9 years (mean 37-67) in women and 46.6 years 
(mean 33-72) in men. At least two antral biopsies were obtained from each 
patient with subsequent hematoxylin and eosin stain, Giemsa's stain, and the 
Warthin-Starry method was used to detect H. pylori. 

Eight randomized patients were treated with CBS (240 mg b.d.) for 4 weeks 
plus amoxycillin (2 g per day) for 2 weeks (group 1). The remaining eight 
patients were treated with CBS (240 mg b.d.) for 4 weeks plus ofloxacin (600 mg 
per day) for 2 weeks (group 2). 

Three weeks after the treatment was discontinued, endoscopy and a histo­
logic examination of the antral mucosa were performed to assess H. pylori 
eradication. A serologic test for H. pylori was carried out in six patients (three in 
group 1 and three in group 2) along with endoscopy. 

Results 

Helicobacter pylori eradication was successful in six of 16 patients (37.5%) (three 
in group 1 and three in group 2). Inflammation was histologically improved in 
the microorganism-free patients, whereas it did not change in the others. The 
serologic test for H. pylori showed a decrease of antibody titers in the micro­
organism-free patients, whereas the values were unchanged in the remaining 
ones. 

Conclusions 

There is an established association of H. pylori with gastritis, ulcer disease, and 
possibly non-ulcer dyspepsia. Yet some gastroenterologists are not convinced of 
the pathogenic role of H. pylori, especially because the microorganism has been 
found in asymptomatic individuals with histologic evidence of gastritis. 

In addition, H. pylori is often absent and the gastric mucosa is normal in 
patients complaining of dyspeptic symptoms. At present, the priority is to 
identify those dyspeptic patients whose symptoms are clearly associated with 
H. pylori and to carry out double-blind studies aimed at evaluating and 
accounting for a combined therapeutic approach with CBS and antimicrobial 
agents. This can also be supported by the hypothesis that "active" H. pylori 
gastritis might be seen as a condition promoting the onset of gastric neoplasm 
(even though this is a hazardous assumption). 

Some gastroenterologists are thus persuaded by experience of the benefits 
obtained from a therapeutic approach to H. pylori eradication. 

Our data do not seem to suggest a supremacy of CBS plus amoxicillin 
compared with CBS plus ofloxacin in the treatment of chronic antral gastritis 
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positive for H. pylori. Moreover, neither combination seems to be better than 
CBS alone when we compare the proportions of success reported in literature. 

Only a triple therapy with CBS plus amoxicillin (or tetracycline) plus 
metronidazole is appropriate to obtain a higher proportion of H. pylori eradica­
tion and to improve gastritis histologically during the long-term follow up. 
However, this regimen is certainly not recommended for all patients with non­
ulcer dyspepsia colonized with H. pylori. Only patients with long-standing 
severe dyspeptic symptoms inadequately responding to conventional treatment 
could benefit from a triple therapy. 
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Introduction 

Eradication of H elicobacter pylori infections has proven to be difficult [2-4, 6-8, 
13]. Therapy with a single or with two antimicrobials has proven ineffective as 
evidenced by eradication rates much below 50% [3]. Recently, combinations of 
three antimicrobial drugs have been shown to eradicate more than 50% of 
H. pylori infections. Despite these apparent successes, the results have been 
variable and the factors influencing effectiveness of therapy remain unclear [3, 7, 
8]. In this study we evaluated the effectiveness of a combination of three 
antimicrobial drugs (triple therapy) for eradication of H. pylori infection with 
special emphasis on the factors that might predict good versus poor responses. 

Methods 

The patients in this study had received antimicrobial triple therapy consisting of 
tetracycline hydrochloride (500 mg q.i.d.), metronidazole (250 mg ti.d.) and 
bismuth subsalicylate tablets (150 mg bismuth per tablet; Pepto-Bismol, Procter 
and Gamble, Cincinnati, OH) (Table 1). Bismuth subsalicylate tablets were 
administered at a dosage of one with each meal and two at bedtime (70 patients) 
or two with each meal and two at bedtime (30 patients). For those with active 
peptic ulcers, antiulcer therapy (ranitidine, 300 mg after the evening meal) was 
administered for the initial 14 days of triple therapy. Assessment of compliance 
with antimicrobial therapy was done by pill count. 

Pretreatment H. pylori status was confirmed by the 13C-urea breath test 
[10, 11], and a sensitive, specific enzyme-linked immunosorbent assay (ELISA) 
[5] in all and by culture and histology in most. Eradication was defined as 
inability to demonstrate H. pylori one or more months after ending therapy. 
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Table 1. Summary of the therapies used in an attempt to eradicate H. pylori infections 

Drugs Dosage Duration 
(days) 

Therapy 1 
Metronidazole 250 mg t.i.d. 14 
Tetracycline 500 mg q.i.d. 14 
Bismuth subsalicylate 5 tablets daily 14 

Therapy 2 
Metronidazole 250 mg q.i.d. 14 
Tetracycline 500 mg q.i.d. 14 
Bismuth subsalicylate 8 tablets daily 14 

Therapy 3 
Metronidazole 250 mg q.i.d. 14 
Tetracycline 500 mg q.i.d. 10 
Bismuth subsalicylate 5 tablets daily 10 

Therapy 4 
Metronidazole 250 mg q.i.d. 14 
Tetracycline 500 mg q.i.d. 28 
Bismuth subsalicylate 5 tablets daily 28 

Statistical Methods 

The data were analyzed by chi-square and stepwise regression analysis using the 
SAS program (SAS Institute, Cray, NC). We categorized patients into groups: 
three groups according to the diagnosis (duodenal ulcer, gastric ulcer, or simple 
gastritis), three groups according to the duration of therapy (10 days, 14 days, 
and 28 days), two groups according to the number of bismuth subsalicylate 
tablets taken per day (five or eight tablets), and two groups according to the 
percentage of medication taken. The stepwise regression was also repeated using 
only the patients in whom accurate assessment of compliance was available by 
actual pill count. The Mantel-Haenszel chi-square distribution was used to 
examine the relationship between the eradication rate and the type of ulcer, 
duration of therapy, number of bismuth tablets, and the percentage of pre­
scribed medications taken. 

Results 

The evaluable patients included 70 with duodenal ulcer, 17 with gastric ulcer, 
and six with H. pylori gastritis not associated with ulcer disease. The median 
follow up for those in whom the infection was eradicated was 29 weeks (mean 33 
weeks, range 4-79 weeks). The overall eradication rate was 87%. The factors 
evaluated for their effect on predicting eradication included age, gender, type of 
disease, duration of therapy, amount of bismuth subsalicylate (five or eight 
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tablets daily), and compliance with the prescribed medications. Stepwise regres­
sion showed that compliance was the most important factor predicting success; 
the success rate was 96% for those who took > 60% of the prescribed 
medications and 69% for those who took less. For those taking more than 60% 
of the prescribed therapy the eradication rates were similar for (a) those 
receiving therapy for 14 days or when tetracycline and bismuth subsalicylate 
were continued for an additional 14 days; (b) patients with duodenal ulcer, 
gastric ulcer, and simple H. pylori gastritis; and (c) whether five or eight bismuth 
subsalicylate tablets were taken. 

Complications to triple therapy were experienced by 20 patients (18.5%),19 
of whom were patients in whom follow up was obtained. Nausea was the most 
common side effect (45%); the majority of complications were minor. 

Discussion 

Helicobacter pylori infections have proven to be difficult to eradicate. The best 
eradication rates have been reported with combinations of antimicrobials with 
most combinations employing a bismuth salt, metronidazole or tinidazole, and 
amoxicillin or tetracycline. Our results are consistent with these observations as 
our overall eradication rate was 87%. Our study was the first to examine the 
factors responsible for a poor rate of eradication of H. pylori; we found that 
failure to take the prescribed medications was the variable that best predicted a 
poor result. 

It is not clear whether other triple therapies. using a bismuth and two other 
antimicrobials would achieve the same excellent results because a number of 
other variables were not examined. One possibly important variable that we did 
not test was the timing of medications in relation to meals. This may be 
important, especially in relation to bismuth administration, as administration 
with meals would tend to allow a longer contact time and possibly better 
intragastric distribution than administration fasting [9]. This hypothesis is also 
consistent with data that tablet formulations of antacids have a longer duration 
of action than do antacid liquids [IJ. A previous study [12J has shown that 
administration of the swallow tablet of bismuth subcitrate was more effective if 
given four times daily than when given twice daily; in that study bismuth 
subcitrate was administered before meals. Additional studies will be required to 
examine whether liquid formulations of bismuth subsalicylate are equally 
effective to tablet formulations. 

We conclude that triple therapy is effective for eradication of H. pylori and 
that future studies will need to take compliance into account for comparisons 
between regimens. 
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Comparison of Three Triple Therapies 
in the Eradication of Helicobacter pylori 

G. Daskalopoulos 

Introduction 

The eradication of Helicobacter pylori infection has proved difficult. As with 
other chronic infections, evasion of the immune response may be a major factor 
contributing towards the persistence of infection and the difficulty in eradication 
with antimicrobials. Although H. pylori can be suppressed with single antibiotic 
therapy, recrudesence of the infection following the cessation of treatment is the 
rule [1,2]. This occurs despite a high in vitro sensitivity of H. pylori to various 
single antibiotics [3J and apparent therapeutic mucosal antibiotic levels [4, 5]. 
The resistence to antibiotic therapy may be due to (a) diminished antibiotic 
activity in the acid environment of the stomach; (b) the development of resistent 
forms of H. pylori; and (c) the antibiotics not reaching the bacteria in its 
protected niche under the mucous layer. It is obviously difficult to determine if 
an antibiotic has reached a precise niche [4J; however, adequate therapeutic 
mucosal antibiotic levels appear to have been achieved. This would seem to 
suggest that lack of assistance from an immune response may be a significant 
factor in failure of single antibiotic therapy. 

Empirically, triple antibiotic therapy has been shown to be the most 
efficacious in eradicating H. pylori [6J with eradication rates of up to 90% being 
reported. Historically, triple therapy has consisted of colloidal bismuth and 
metronidazole in combination with amoxicillin or tetracycline. Our experience 
has been that both are equally effective (unpublished data). Amoxicillin has two 
disadvantages: (a) it is theoretically less active in the acid environment of the 
stomach; (b) a group of patients will not be able to take this medication because 
of penicillin allergy. Tetracycline has the theoretical disadvantages of (a) 
chelating with bismuth (McNulty [4J proposed that this could be viewed as an 
advantage since it ensures delivery of the antibiotic to the bacteria to which the 
bismuth irreversibly binds); (b) it cannot be used in children because of staining 
of teeth. Its activity, however, does not appear to be altered by gastric acidity. 

Aim/Methods 

We have assessed three different triple therapy regimens in the eradication of 
H. pylori and assessed the efficacy of norfloxacin as a component of a triple 
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Table 1. Triple therapy to eradicate H. pylori 

Patients 
(n) 

32 

30 

29 

Regimen 

Abbreviation Description 

B2 T 2 M2 Colloidal bismuth I tablet q.i.d. for 2 weeks 
Tetracycline 250 mg q.i.d. for 2 weeks 
Metronidazole 200 mg t.d.s. for 2 weeks 

B4 T 2 M 2 Colloidal bismuth I tablet q.i.d. for 4 weeks 
Tetracycline 250 mg q.i.d. for 2 weeks 
Metronidazole 200 mg t.d.s. for 2 weeks 

B 2 T 2 N 2 Colloidal bismuth I tablet q.i.d. for 2 weeks 
Tetracycline 250 mg q.i.d. for 2 weeks 
Norfloxacin 400 mg b.i.d. for 2 weeks 

G. Daskalopoulos 

therapy. A total of 91 patients with confirmed H. pylori both at rapid urease 
testing and histopathology were treated with one of three different treatment 
regimens (Table 1). 

All patients were re-endoscoped 2 weeks after completion of treatment, and 
biopsies were again taken for rapid urease testing and histopathology. Giemsa 
staining was used to assess the presence and grade (0-3) of H. pylori. 

Results 

The treatment regimens were compared for their ability to eradicate H. pylori 
(Fig. 1). Colloidal bismuth given for 4 weeks in combination with tetracycline 
and metronidazole (B4 T2 M2) was the most effective in eradicating H. pylori, 
achieving an 87% eradication rate. This, however, was not significantly different 
from the group given colloidal bismuth for only 2 weeks in combination with 
tetracycline and metronidazole (B2 T2 M2) which achieved a 75% eradication 
rate. Both of the above groups were superior to the combination of colloidal 
bismuth, teracycline and norfloxacin (B2 T2 N2) which achieved a 24% 
eradication rate. 

B2 T2 M2 
24/32 

<75%) 

B4 T2 M2 
26/30 
<87%) 

IL _________ P<O. 05 

P<0.05j 

B2 T2 N2 
7/29 

<24%) 

J 

Fig. I. The effectiveness of three different triple therapies in eradicating H. pylori as a percentage of 
the number of patients treated (p values shown). B, colloidal bismuth T, tetracycline M, metronida­
zole; N, norftoxacin 
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The grading of H. pylori was compared before and after treatment among 
the three groups (Fig. 2). Before treatment there was no difference in the grading 
of H. pylori among the three groups. After treatment there was improvement 
in the grading of H. pylori in the colloidal bismuth-, tetracycline- and metro­
nidazole-treated groups (B2 T2 M2 and B4 T2 M2) but not in the colloidal 
bismuth-, tetracycline- and norfloxacin-treated (B2 T2 N2) group. 

Twenty-two patients who were treated with B2 T2 N2 and eight patients 
who were treated with B2 T2 M2 failed therapy. These patients were offered 
second-line therapy with the alternate treatment combination. Five patients 
completed second-line therapy with B2 T2 N2 and none of the five had 
eradication on follow up (Fig. 3). Thirteen patients completed second-line 
therapy with B2 T2 M2 and 11 (84%) patients had successful eradication on 
follow up. 

TREATMENT B2 T2 M2 B4 T2 M2 B2 T2 N2 

P>0.05------------------~ 

GRADING OF 
H.PYLORI 
BEFORE 
TREATMENT 

I P>0.05l r- P>0.05l 

1.7 ± 0.6 1.8 ± 0.7 1.6 ± 0.6 

f r r 
P<0.05 P<0.05 P>0.05 

1 1 
GRADING OF 
H.PYLORI 
AFTER 
TREATMENT 

0.41 ± 0.80 0.27 ± 0.69 1.1 ± 0.81 

t 
Lp>0.05~ ~P<0.05~ 

P<0.05 ________________ ~f 
Fig. 2. Grading of H. pylori (mean ± SD), based on a (0-111) scale of Giemsa-stained antral 
biopsies, both before and after treatment with three different triple therapies (p values shown). B, 
colloidal bismuth; T, tetracycline; M, metronidazole; N, norfloxacin 

FIRST LINE THERAPY 
FAILURES 

SECOND LINE 
THERAPY 

RESULTS OF 
SECOND LINE 
THERAPY 

B2 T2 N2 B2 T2 M2 
22 PATIENT><S 8 PATIENTS 

B2 T2 N2 B2 T2 M2 
5 PATIENTS 13 PATIENTS 

! ! 
0/5 PATIENTS 
ERADICATION 
(0%) 

11/13 PATIENTS 
ERADICATED 
(84.6%) 

Fig. 3. Patients who failed first-line therapy were offered second-line treatment with the alternative 
triple therapy. The success of eradication with second-line therapy is shown. B, colloidal bismuth; T, 
tetracycline; M, metronidozole; N, norfloxacin. Both triple therapy regimens were given for 2 weeks 
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Discussion 

These data show that not all triple therapies are equally effective. Despite in 
vitro evidence of the effectiveness of norfloxacin [3, 7] and the development of 
high mucosal concentrations of quinolone antibiotics [4], the eradication rate of 
H. pylori with norfloxacin as part of a triple therapy was low. In fact, the 
eradication rate with norfloxacin as part of a triple therapy was lower than we 
would have predicted. This may reflect the relative importance of metronidazole 
in the triple therapy, rather than the failure of norfloxacin. It has, however, been 
shown in vivo that norfloxacin given as a single agent is ineffective in the 
eradication of H. pylori [8]. As with any prolonged therapy, particularly 
requiring multiple medication, compliance does become important in treatment 
failure [9]. By crossing over our treatment failures we feel that we can exclude 
non-compliance in the norfloxacin triple therapy group as a cause of the low 
eradication rate as with cross-over these patients achieve an 84% eradication 
rate. 

We chose to change the metronidazole in the triple therapy with norfloxacin 
because of reported resistance of H. pylori to metronidazole [10-12]. In some 
countries very high incidences of metronidazole resistance have been reported 
and seem to relate to previous exposure to nitroimidazoles [10, 11]. However, 
despite in vitro metronidazole resistance, there is debate as to whether this is of 
clinical significance in H. pylori eradication with triple therapy. Replacing the 
metronidazole in the triple therapy with norfloxacin does not improve the 
eradication rate and is not a useful solution to the problem of metronidazole 
resistance. It is likely that changing metronidazole with any other antibiotic, 
excluding another nitroimidazole, would produce similar results. 

In this study we confirmed eradication at 2 weeks following treatment. The 
ideal time for confirmation of eradication is not known, although a working 
party at the World Congress of Gastroenterology (1990) recommended 4 weeks. 
Therefore, to substantiate our data further, we have reviewed our long-term 
follow up of patients successfully treated with triple therapy consisting of a 
combination of colloidal bismuth, tetracycline and metronidazole for 2 weeks at 
the dosage previously shown. "Successful" treatment was deemed as a negative 
urease test and a negative Giemsa stain for H. pylori on antral biopsies. The 
group consisted of 98 patients re-examined at 2-56 months (mean 38 months) 
afterinitial eradication. Twelve (12.2%) patients were found to have recurrence 
of H. pylori infection. Of the 98 patients. 74 (75.5%) had returned for 
follow up because of recurrence of dyspeptic symptoms and 11 (14.9%) had a 
recurrence of H. pylori compared with one of 24 (4.2%) asymptomatic patients. 
The difference between the two groups is not statistically significant (p = 0.17). 
It can be seen from these data, even in a selected group of patients to which 
many patients had returned because of symptomatic recurrence, that eradic­
ation at 2 weeks represented "true" eradication in 88 % of cases. This figure is the 
same as that noted by Weil et al. [13] in a group of 32 patients who were 
H. pylori negative 1 month after H. pylori therapy, 28 (88%) patients remained 
negative at 3 months. Similar data have been obtained by Rauws et al. [14]. 
Logan et al. [15] showed recrudescence of H. pylori following treatment in 18 
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of 19 patients within 7 days by a 13C-urea breath test and this was confirmed 
endoscopically at 10 days post therapy. One of 19 patients remained eradicated 
of H. pylori. In this instance colloidal bismuth was given alone. Whether a 
similar rapid recrudescence would be obtained after triple therapy has not been 
shown. We believe that our long-term recurrence data demonstrate that our 
triple therapy results would not have been significantly altered by reassessing 
eradication at 4 weeks as opposed to 2 weeks following completion of therapy. 
However, for uniformity and to allow for comparisons with other studies we 
have since changed to a routine 4-week reassessment after completion of 
therapy. 

In vitro antibiotic sensitivity testing has proved to be of limited value in 
determining appropriate therapies for H. pylori. In my view there are, however, 
three approaches which may help in developing a better treatment for H. pylori. 
Firstly, there are several animal models [16-21] which may be appropriate for 
assessing antibiotic therapies for H. pylori. In the case of the ferret model [16, 
17] the organism which naturally infects this animal is Helicobacter mustelae, 
which is closely related to H. pylori. Data obtained from this model with regard 
to antimicrobial therapy may be applicable to H. pylori. The rhesus monkey 
[21] has naturally occurring H. pylori and can also be experimentally infected. 
This model is, however, expensive and not readily available. The mouse model 
described by Hegedus Dick and Lee (in press) is of particular interest because of 
the ease of storage and handling of mice and the similarity to the human infected 
with H. pylori with regard to the difficulty of eradication. Secondly, follow-up 
assessments after completion of treatment can be markedly assisted by a 14C_ or 
13C_ urea breath test [22-24]. Breath tests are less invasive diagnostic tools and 
give a result representative ofthe whole stomach, whereas single gastric biopsies 
may yield false-negative results. Lastly, biopsies may be taken and stored under 
liquid nitrogen [25]. These samples can later be thawed and the H. pylori 
cultured. This could be of value in assessing treatment failures and determining 
the role of antibiotic resistance in eradication failure. 

I conclude with a word of caution that although we look towards developing 
a totally effective triple therapy or, even more desirably, an effective mono­
therapy, the difficulty we are facing in eradicating H. pylori may not be simply 
due to a failure of the antibiotics being used, but rather, as in the case of 
Mycobacterium tuberculosis, from a lack of assistance from an immune response. 
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Ciproftoxacin-Omeprazole Treatment 
for Eradication of Helicobacter pylori 

J. Labenz 1 , E. Gyenes 2, U. Peitz 1 , and G. Borsch 1 

Introduction 

Helicobacter pylori is gaining increasing irnportance in practical gastroenterol­
ogy because of its causal role in the pathogenesis of chronic type B gastritis, in 
addition to ernerging as a co-causal factor in the etiology of idiopathic ulcer 
disease. It has been shown that a drug-induced bacterial eradication is accorn­
panied by an irnprovernent or healing of gastritis and that the frequency of ulcer 
recurrences can be lowered substantially and significantly cornpared to the 
spontaneous course of the disease [1,9]. Elaborate triple therapy schedules are 
appropriate to eradicate H. pylori in a high percentage of cases [2, 4J. However, 
a desire exists for a sirnple short-terrn therapy which is both low in corn­
plications and of adequate efficacy. Orneprazole and the gyrase inhibitor 
ciprofioxacin, which is highly effective in vitro against H. pylori, elirninate the 
bacteria in vivo only in occasional cases when taken one at a tirne [5-7, 10, 11]. 
Unge et al. [llJ were able to show in a srnall-scale study that the cornbination of 
arnoxicillin and orneprazole led to an eradication of bacteria in 62.5% of the 
cases, whereas arnoxicillin and orneprazole on their own were ineffective in this 
regard. 

The objective of the present pilot study was to investigate whether eradica­
tion of H. pylori can be attained to a noteworthy extent by an anacidity­
rnodified antibiosis with the exquisitely acid-sensitive quinolone ciprofioxacin, 
which is highly effective in vitro. 

Materials and Methods 

Patients and Study Design. In an open pilot study, 20 H. pylori-positive patients, 
either outpatients or hospitalized, with an ulcer condition requiring treatrnent 
or a severe non-ulcer dyspepsia were treated for 1 week with 40 rng orneprazole 
(two Antra capsules) before breakfast and 2 x 500 rng ciprofioxacin (Ciprobay 
500 filrn-coated tablets) 1 h after breakfast and after the evening rneal. At the end 
of this therapy phase, ulcer patients were given 20 rng orneprazole in the 
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Table 1. Exclusion criteria 

Age under 18 years 
Pregnancy or lactation 
Simultaneous treatment with another antibiotic or bismuth preparation 
Severe concomitant diseases 
Putative lack of compliance 
Known hypersensitivity to quinolones 
Manifest disorder of clotting 
Resected stomach 
Lack of consent to participate in the study 

J. Labenz et al. 

morning preprandially or a full dose of an H2 receptor blocker at night up to 
the final follow-up examination. Dyspepsia patients did not receive further 
medication. The exclusion criteria are shown in Table 1. The inadmissible 
concomitant medication comprised bismuth preparations, antibiotics, pirenze­
pine, sucralfate and misoprostol. The H. pylori status and the symptom score 
were determined in hospitalized patients in the first 3 days after the end of 
therapy and, if the H. pylori result was negative, again after a further 4 weeks. In 
outpatients, the post-therapeutic H. pylori status was determined, at the earliest, 
4 weeks after discontinuation of the medication. A patient was regarded as post­
therapeutically H. pylori-negative when bacteria were not detected either in the 
biopsy urease test, microscopically after Gram staining or in culture. 

Methods. At the beginning and at follow-up investigations, there was a clinical 
evaluation and an esophagogastroduodenoscopy in which two biopsies were 
taken from the antrum and two biopsies from the corpus. An antrum and a 
corpus biopsy were analyzed together in the biopsy urease test (Telen-Quick) 
and the two other samples were examined microscopically and cultured. The 
methods used have been described in detail elsewhere [3]. If necessary, focal 
findings were biopsied in addition. The data analysis comprised only a descrip­
tive evaluation. 

Results 

The study group comprised 20 patients (12 women and eight men) with an 
average age of 56 years (range: 26-82 years). Four patients had a duodenal ulcer, 
12 patients a gastric ulcer (one ulcer was ultimately shown to be a carcinoma by 
biopsy), and four patients had severe non-ulcer dyspepsia without endoscopical­
ly visible focal lesions (Table 2). 

H elicobacter pylori could be identified in all patients before the beginning of 
therapy by means of urease test. The bacteria were microscopically visible in the 
Gram preparation in 18 cases and could be cultured in 16 cases. 

The rate of eradication ofthe bacterium in the study group was 15% (three 
out of 20 patients). In two of these three H. pylori-negative ulcer patients, the 
macroscopically visible lesions had healed completely. In one patient, a residual 
defect 1 cm in size at the gastric angle was still found, as compared to an 
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Table 2. Ciprofioxacin/omeprazole combination therapy for eradication of H. pylori: overview of results 

Pretherapeutic Posttherapeutic 

Age 
No. Sex (years) Indication BUT Micro Cult. BUT Micro Cult. Lesion Eradication 

1 F 43 DU + + + + + + H No 
2 F 76 GU + + + H No 
3 F 58 GU + + + + + H No 
4 M 53 GU + + + + + + H No 
5 M 68 GU + + + + + + H No 
6 F 82 GU + H Yes 
7 F 50 NUD + + + + + + No 
8 M 26 NUD + + + + + + No 
9 F 48 GU + + + + + + H No 

10 M 49 GU + + NH Yes 
11 M 75 GU + + + + H No 
12 M 39 GU + + + + + + H No 
13 F 48 Gut + + + + + NH No 
14 F 39 NUD + + + + + No 
15 F 67 Gua. b + + + + + NH No 
16 F 54 DU + + + + + NH No 
17 F 65 DU + + + + + + H No 
18 F 73 DU + + + H Yes 
19 M 53 NUD + + + + + No 
20 M 53 GU + + + + + + NH No 

BUT, biopsy urease test; Micro, Gram-stained, mucosal smear preparation; Cult, specific H. pylori culture; 
DU, duodenal ulcer, GU, gastric ulcer, NUD, non-ulcer dyspepsia; H, healed; NH, not healed. 
aFollowup 1-3 days after the end of therapy. 
bCarcinoma confirmed by the histology 

ulcer size of 5 cm at the beginning of therapy. Two patients were not followed up 
4 weeks after the end of therapy. One of these patients had a histologically 
confirmed ulcerating stomach carcinoma which was treated surgically. In this 
case, a persistence of positive bacterial findings had already been demonstrated 
immediately after therapy. A further female patient with a positive H. pylori 
status immediately after therapy received another schedule of antibiotic therapy. 
In two of the 11 other ulcer patients who remained H. pylori-positive after 
therapy, the lesions had not yet healed in the final follow up (Table 2). 

The medication after the end of therapy up to the final control consisted of 
20 mg omeprazole for 11 of the 14 ulcer patients, and three patients received a 
full dose of H2 receptor blocker at night. The corresponding rates of ulcer 
healing after 5 weeks were 90.9% (ten out of 11 patients) under omeprazole and 
66.7% (two out of three patients) under H2 receptor blocker. 

In a partial study group often inpatients who were followed up on days 1-3 
after the end of therapy, we obtained negative H. pylori findings in six cases. 
Four out of these six patients were once more H. pylori positive 4 weeks later. 

As possible side effects of the study medication, which did not have to be 
terminated prematurely by any patient, "subjective feeling of unrest" was 



340 J. Labenz et al. 

reported in a dyspepsia patient with marked improvement of his symptoms of 
acid type, and "paresthesias in the right leg" were reported by an ulcer patient. 
The correlation with the medication appeared to be rather doubtful in both 
cases. Further adverse concomitant effects were not registered. 

Discussion 

Unge et al. [11] were able to show that the antibiotic efficiency (H. pylori 
eradication) of amoxicillin could evidently be substantially enhanced by a 
medication-induced anacidity. In this pilot study we therefore investigated 
whether a similar effect could also be attained with the quinolone ciprofloxacin, 
which has good efficacy in vitro, but an inadequate efficacy in vivo [5, 7, to]. 
Ciprofloxacin acts bactericidally by impeding the bacterial enzyme "gyrase." 
Omeprazole specifically and selectively inhibits the enzyme H + /K + ATPase 
(proton pump) of the parietal cells of the stomach. This suppresses the H + 
secretion in the gastric lumen independently of the nature ofthe acid stimulus. It 
has proved to be an effective agent for ulcer therapy which is probably superior 
to H2 receptor blockers in intermittent high-dose therapy. According to the data 
available, neither agent is able to eradicate H. pylori to a noteworthy extent on 
its own [6, 7, to]. 

The antibacterial efficacy of the quinolones is pH dependent and declines 
with increasing acidity [8]. For this reason, the working hypothesis was 
formulated for the present pilot study that omeprazole-induced hypoacidity or at 
least almost complete anacidity would improve the inadequate antibacterial 
efficacy of ciprofloxacin against H. pylori in the acid stomach. Such a drug 
combination would almost be the ideal therapy of chronic ulcer in an acute 
phase. Whereas omeprazole-induced hypochlorhydria or achlorhydria would 
heal practically any acute ulcer, substantial prophylaxis of recurrences would be 
expected from the eradication of H. pylori. 

However, the low rate of H. pylori eradication of 15% is to be emphasized as 
a main result of the present study, so that an adjuvant ciprofloxacin medication 
over 1 week with the objective of eliminating the bacteria and thereby reducing 
the rate of recurrence cannot be recommended in the concept for treatment of 
acute ulcers. Moreover, our data also support the previous view that omepra­
zole on its own does not eliminate H. pylori to a clinically relevant extent and 
that the H. pylori status (biopsy urease test, microscopic detection in Gram­
stained mucosal smears, specific culture) can only be reliably appraised 4 weeks 
after the end of a bacterial eradication treatment. 
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Amoxicillin-Omeprazole Treatment for Eradication 
of Helicohacter pylori 

J. Labenz 1 , E. Gyenes 2, G.H. Riihl 3 , and G. Borsch 1 

Introduction 

The spiral bacterium Helicobacter pylori is regarded as the causal factor in 
chronic type B gastritis and is said to playa co-causal role in the etiology of 
peptic ulcer disease. This bacterium is gaining increasing importance in practical 
gastroenterology since it could be shown that an eradication of the bacterium is 
accompanied by an improvement or healing of gastritis [9]. Also, the frequency 
of ulcer recurrences can be reduced substantially and significantly [1, 6, 10]. Up 
to now, eradication of H. pylori in a high percentage of cases (80%-94%) 
required elaborate triple therapy schedules consisting of a bismuth salt and a 
double antibiotic combination [2, 4]. A simple schedule of short-term therapy 
with low complications and adequate efficiency is still not available. Amoxicillin 
and omeprazole on their own bring about at best an elimination of the bacteria 
in individual cases [5]. In this connection, Unge et al. [12] were able to show in 
a small-scale study that the combination of omeprazole and amoxicillin led to 
an eradication in five out of eight patients, whereas omeprazole and amoxicillin 
alone were ineffective in the control groups. 

The objective in the present study was to check in a large patient population 
whether amoxicillin therapy after induction of anacidity by omeprazole does 
indeed lead to an eradication of bacteria in more than 50% of the treated 
patients. 

Materials and Methods 

In an open study, 35 outpatient or hospitalized H. pylori-positive patients with 
ulcer disease or severe functional dsypepsia requiring treatment were treated for 
1 week with 40 mg omeprazole before breakfast and 4 x 500 mg amoxicillin 
suspension 1 h before meals and before going to bed. As a rule, there followed a 
therapy with 20 mg omeprazole in the morning preprandially or an H2 receptor 
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antagonist in full dose at night in ulcer patients up to the final follow-up 
examination. After completion of the study medication, dyspepsia patients did 
not receive any further specific pharmacotherapy. Exclusion criteria were a 
patient age under 18 years, pregnancy or lactation, simultaneous treatment with 
a bismuth preparation or another antibiotic, severe concomitant diseases, 
putative lack of compliance, known penicillin allergy, manifest disorder of 
clotting, stomach resection, and lack of consent to participate in the study. 

Clinical evaluation (including symptom score) and a proximal intestino­
scopy with taking of four antrum and four corpus biopsies were carried out 
before the beginning and not before 4 weeks after discontinuation of the study 
medication and in inpatients also on days 1-3 after the end of therapy. The 
antrum and corpus biopsies were analyzed with a biopsy urease test (Telen­
Quick), specific culture, and histology after Giemsa staining. The respective 
methods have already been described in detail elsewhere [3]. In addition, focal 
findings were biopsied as required. The patient was regarded as post-therapeut­
ically H. pylori negative when the final follow-up examination did not reveal 
bacteria either in the urease test, culturally, or histologically. The analysis of 
data was restricted to a descriptive evaluation. 

Results 

Of the 35 patients participating in the study, 31 completed the study without 
contravening the protocol. Three patients did not attend the envisaged follow­
up examinations. One patient received intercurrent antibiotic treatment. The 
study group comprised 20 women and 11 men with an average age of 58.1 years 
(range: 27-86 years). Sixteen patients had a duodenal ulcer, eight a gastric 
ulcer, three a gastroduodenal double ulcer, and four had dyspepsia (three with 
presently inactive, but previously confirmed ulcer disease and one with function­
al dyspepsia). H. pylori could be demonstrated in all patients pretherapeutically 
by means of the biopsy urease test and histologically. It could be also detected in 
culture in 30/31 cases. 

The rate of eradication of the bacteria at least 4 weeks after cessation of 
therapy was 61.3% (19 out of 31 patients) in the study group (Table 1). In four 
out of 11 patients who showed negative H. pylori findings on days 1-3 after 
therapy the bacterium could be detected again 4 weeks later. In two patients 
(one with omeprazole pretreatment), no bacteria of typical morphology could 
be detected pretherapeutically in preparations from antrum biopsies processed 
histologically, whereas H. pylori could be detected in the corpus biopsies. This 
constellation was found in four further patients after 5 weeks of omeprazole 
therapy. 

Nineteen patients with ulcers received 20 mg omeprazole subsequent to the 
study medication. In all cases the peptic lesions had completely healed at the 
final follow-up examination. An eradication was attained in 14 cases, and five 
patients remained H. pylori positive. The ulcers healed in four patients with 
eradication of the bacterium under 300 mg ranitidine at bedtime. In a 54-year­
old woman with persistent H. pylori colonization, a duodenal ulcer did not heal 
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Table 1. Results of omeprazole/amoxicillin combination therapy for 
eradication of H. pylori 

Patients 

(n) (%) 

Eradication rates 
Total 19/31 61.3 
Duodenal ulcer 10/16 62.5 
Gastric ulcer 5/8 62.5 
Gastroduodenal double ulcer 2/3 66.7 
Functional dyspepsia 2/4 50.0 

Ulcer healing 
H. pylori eradication 17/17 100 
H. pylori persistance 8/10 80 

J. Labenz et al. 

under ranitidine medication. In two further patients who were treated with 
pirenzepine or an antacid, the peptic lesions had healed at the final follow­
up examination. H. pylori could be detected in both cases. An 80-year-old 
female patient with gastric ulcer did not take any anti-ulcer medication after 
completion of the study medication. Both the ulcer and the H. pylori 
colonization of the gastric mucosa could be demonstrated in the follow-up 
investigation. 

Eleven patients who were followed up on days 1-3 after therapy were 
already free of symptoms at this time with regard to the principal signs of the 
ulcer disease or the functional dyspepsia. At the final examination, 26 of the 31 
patients did not show any symptoms of their underlying disease. Five patients 
complained of persistent symptoms. Four patients had a duodenal ulcer with 
persistent H. pylori colonization. Three of the ulcers had healed at the endo­
scopic follow-up examination, and one ulcer could still be demonstrated. In 
addition, there was the 80-year-old female patient with gastric ulcer who did 
not receive any specific medication. 

A burning or furry feeling in the pharynx was complained of by four patients 
as a side effect during the therapy phase. This disappeared again spontaneously 
and did not lead to discontinuation of the study medication in any patient. Such 
paresthesias were not observed under therapy with omeprazole alone. In a 74-
year-old female patient with duodenal ulcer, the therapy had to be terminated 
after 6 days because of diarrhea which stopped spontaneously after discontinu­
ation of the medication. H. pylori could nevertheless be eradicated. 

Discussion 

On the basis of a study by Unge et al. [12], who were able to show in a small 
patient population that the antibiotic efficiency of amoxicillin with regard to 
eradication of H. pylori could be substantially enhanced after induction of 
luminal anacidity or hypoacidity, we checked the reproducibility ofthe results in 
a large group of patients. 
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Omeprazole specifically and selectively inhibits the enzyme H + jK + -ATPase 
(proton pump) of the parietal cells of the stomach. The H + secretion into the 
gastric lumen is thereby inhibited independently of the nature of the acid 
stimulus. It has proved to be an effective therapeutic agent which is probably 
superior to H2 receptor antagonists in intermittent high-dose therapy of peptic 
ulcer [7]. Major side effects have not been reported up to now in humans with a 
limited period of administration. Neither omeprazole nor the bactericidal 
amoxicillin on their own result in a noteworthy eradication of H. pylori. After 
oral administration of 500 mg amoxicillin, the drug concentration in the gastric 
mucosa attains values which are several times higher than the minimal inhibit­
ory concentration of this substance for H. pylori [8]. The minimal inhibitory 
concentration (MIC) for H. pylori are appreciably lower at neutral pH than for 
example at pH 5.5 for a large number of antibiotics [8]. An induction of 
resistance by amoxicillin has not become known up to now in H. pylori. 

The main result of the present study is a rate of eradication of H. pylori of 
61.3% by a combined amoxicillinjomeprazole treatment for 1 week. This is a 
rate of success which has not been attained before with antibiotic monotherapy. 
The therapeutic schedule presented here thus comes close to the ideal concep­
tions of ulcer pharmacotherapy. Practically any peptic ulcer can be expected to 
heal with an omeprazole-induced anacidity or hypoacidity. Moreover, a sub­
stantial prophylaxis of recurrences is to be expected from the eradication of 
H. pylori. The concept of this therapy is simple and inexpensive. Apart from 
clinically insignificant paresthesias in the region of the pharynx, we only 
observed one significant side effect (self-limiting diarrhea) in our series. This 
compelled discontinuation of treatment after 6 days. Because of the hypothesis 
that the acid suppression attained with 40 mg omeprazole might not be 
sufficient in some patients to allow an optimal action of amoxicillin, we are 
presently carrying out a further study using a still higher dose of omeprazole. 

As a supplementary finding, we found H. pylori histologically on the corpus 
mucosa but not on the antrum mucosa in six patients. Five of these patients 
were under omeprazole therapy. Similar observations have already been re­
ported elsewhere [l1J. They underscore that false-negative H. pylori findings 
are to be expected under omeprazole medication, especially when only antrum 
biopsies are analyzed. 
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Eradication of Helicobacter pylori Cures Duodenal 
Ulcer Disease 

E.AJ. Rauws 

Introduction 

The integrity of the gastroduodenal mucosa is often said to depend on the 
balance between aggressive and defensive factors. Gastric acid and pepsin are 
generally regarded as essential factors in ulcer disease but recently H elicobacter 
pylori has been identified as an important factor as well. Many studies have 
appeared since H. pylori proved to be the cause of active chronic gastritis. 
Duodenal ulcer has been known to be associated with antral gastritis, and in all 
patients with duodenal ulcer there is concomitant antral gastritis. As H. pylori is 
the most common cause of antral gastritis, it is not surprising that H. pylori 
infection is found in almost all patients with duodenal ulcer disease. However, 
the strong association between gastritis and duodenal ulceration does not prove 
a causal role for H. pylori. 

Fewer studies have looked at the occurrence of H. pylori in the duodenal 
bulb. H. pylori does not colonize normal duodenal mucosa, but can be found on 
islands of gastric type epithelium in the duodenum. It has been suggested that 
H. pylori colonization of these islands of gastric metaplasia, probably induced 
by acid injury, causes duodenitis and probably duodenal ulceration [1]. 

So far no study has shown that H. pylori infection leads to peptic ulceration. 
However, several studies have now been carried out in duodenal ulcer patients 
evaluating the efficacy of bismuth compounds and antibiotics on ulcer healing 
and ulcer relapse. 

Duodenal Ulcer and Ulcer Relapse 

The reasons for the lower incidence of duodenal ulcer relapse after healing with 
colloidal bismuth subcitrate (CBS) compared to H2 receptor blockers are not 
clear [2-5]. CBS is a combination of various complex bismuth salts of citric acid 
and binds to protein in the ulcer crater, inhibits pepsin activity, stimulates the 
endogenous prostaglandin synthesis, but has also antimicrobial effects against 
H. pylori. In contrast, all other convential ulcer healing agents (H2 receptor 
antagonists, pirenzepine, sucralfate) and also omeprazole lack antimicrobial 
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effects against H. pylori [6]. This difference might explain the lower or retarded 
ulcer relapse rate known for more than a decade after initial ulcer healing with 
CBS [3,4]. 

Bismuth Salts 

Treatment of duodenal ulcer with various forms of bismuth results in healing 
rates after 4 weeks of treatment that are similar (78%-84%) to those obtained 
with H2 receptor antagonists. Of more clinical interest is the observation that 
the period of remission following initial ulcer healing with CBS is longer than 
after treatment with H2 receptor antagonists. The lower ulcer relapse rate 
following treatment with CBS is now explained by either the eradication of 
H. pylori or by one of the many other poorly understood effects of CBS [7]. In 
1983 it was suggested that H. pylori was the cause of antral gastritis and was 
also strongly involved in the etiology of duodenal ulcers. Since that time, many 
trials have been performed comparing the ulcer healing and ulcer relapse rate 
after treatment aimed at eradicating H. pylori. Coghlan et al. [8J allocated 66 
consecutive patients with endoscopically diagnosed duodenal ulceration ran­
domly to 6 weeks of CBS (n = 32),5 ml four times a day, or cimetidine (n = 34) 
400 mg twice a day. In each group 93% were initially positive for H. pylori. 
Post-treatment endoscopy showed that 23 patients in each ..group had healed 
ulcers. All 46 healed patients entered the follow-up study to evaluate ulcer 
relapse rates in relation to H. pylori status. They were allowed to use antacids, 
but not to take specific anti-ulcer therapy. Endoscopy was repeated after 1 year 
or if the patient suffered from recurrent ulcer-like symptoms. During the follow­
up year, six patients were lost and one patient refused follow-up endoscopy, 
leaving 39 patients for whom full data were available. 

Of these 39 patients, 24 remained H. pylori positive after treatment, and 
relapse occurred in 19 (79%), compared with only four of the 15 patients (27%) 
in whom H. pylori could not be isolated at the end ofthe treatment (p < 0.01). 
Of the ten patients who remained H. pylori negative in the follow-up year, only 
one patient (10%) had a recurrence of duodenal ulceration; this contrasted with 
22 such recurrences in the 29 in whom H. pylori was still present or recurred 
after apparent eradication (p < 0.001). 

Bismuth Salts and Antimicrobial Combinations 

Marshall et al. [9J treated 100 consecutive patients with both duodenal ulcer 
and H. pylori infection. The patients were followed up after ulcer healing to see if 
eradication of H. pylori affected ulcer relapse. They were randomly assigned to 8 
weeks of treatment with cimetidine or CBS, with tinidazole or placebo given 
concurrently from day 1 to 10 inclusively. Endoscopy with biopsies taken for 
culture were performed at entry, in weeks 10, 22, 34, and 62 and whenever 
symptoms recurred. No maintenance therapy was given. H. pylori persisted in 
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all the cimetidine-treated patients (n = 22) and in 95% of those treated with 
cimetidine and tinidazole (n = 29). 

Helicobacter pylori was eradicated in six of the 22 CBS/placebo treated 
group (27%), and in 19 of the 27 CBS/tinidazole group (70%). When H. pylori 
persisted, the duodenal ulcer healed in 61 % and relapsed in 37/44 (84%) within 
12 months. When H. pylori was cleared after treatment, the ulcer healed in 92% 
(p < 0.001). Only five of 24 (21 %) of the ulcers relapsed in the following 12 
months (p < 0.0001). 

The authors concluded that the relapse rate was identical to that in the 
cimetidine-treated group if H. pylori was not eradicated. The presence of 
H. pylori and not the type of therapy was the factor that determined duodenal 
ulcer relapse. 

The highest success rates for H. pylori eradication has been reported after 
using triple therapy (two antibiotics in combination with a bismuth compound) 
[10-12]. George et al. [IOJ treated 82 patients whose duodenal ulcers were 
recurrent or resistant to H2 receptor antagonist therapy. All H. pylori-positive 
patients were treated in a treatment protocol ofranitidine full dose over 4 weeks, 
followed by a 4-week triple therapy course consisting of CBS (one tablet q.d.s.) 
and tetracycline hydrochloride (500 mg q.d.s.) for 4 weeks, with metronidazole 
(200 mg q.d.s.) for the first 10 days. No further maintenance therapy was given. 
Repeat endoscopy and rebiopsy to determine H. pylori status was performed 1 
month after stopping treatment, during further follow up if symptoms recurred, 
and once every following year. Side effects were common during triple therapy, 
especially during the first 10 days of therapy, probably caused by metronida­
zole. Nausea (25%), diarrhea (11 %), drowsiness or dizziness (5%), and a 
burning sensation in the mouth (2%) were reported. No cases of antibiotic­
induced colitis occurred. Duodenal ulcer healed in all 78 patients available for 
reendoscopy 4 weeks after cessation of triple therapy. H. pylori was eradicated 
in 75 of these 78 patients (96%). At 1 year 73 patients were reevaluated. Of those, 
71 remained H. pylori negative and without duodenal ulcer relapse. The remain­
ing two patients were H. pylori positive again with endoscopic duodenitis. Both 
these two patients were using H2 receptor antagonists again. After 2 years, 57 
patients could be reevaluated. All 57 were still H. pylori negative and without 
duodenal ulcer relapse; they were not taking H2 receptor antagonists. At 3 years, 
34 patients underwent reendoscopy and biopsy; 33 patients remained H. pylori 
negative. The remaining patient was H. pylori positive again, but no ulcer was 
found during endoscopy. Four years after stopping triple therapy, 15 patients 
were again reendoscoped. All were still H. pylori negative and ulcer free. 

All the remaining 14 patients who did not return for endoscopy after 1-4 
years were interviewed by telephone. All were symptom free and without 
medication. 

Remarkably, during this prolonged H. pylori-negative follow up the some­
times heavily distorted anatomy of the duodenal bulb was restored. 

The authors concluded that long-term eradication of H. pylori is possible 
and that in these patients the ulcer has not relapsed during a follow-up time of 4 
years. Rauws and Tytgat [12J studied 50 patients with intractable duodenal 
ulcer disease to examine the relationship between ulcer recurrence and H. pylori 
infection. Intractability was defined as breakthrough ulcers on maintenance H2 
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receptor blockers or the recurrence of two or more ulcers in 1 year. Some 
patients did not comply with or had refused maintenance therapy. The patients 
were randomly assigned to treatment with CBS mono therapy (26 patients) for 4 
weeks or CBS with amoxicillin (375 mg t.i.d.) for 4 weeks and metronidazole 
(500 mg t.i.d.) for the last 10 days of this 4-week period of therapy. After these 
regimens were taken, all patients started taking ranitidine, 150 mg, until the first 
control endoscopy in week 8. 

Five patients, all on triple therapy, withdrew because of side effects (nausea, 
diarrhea, rash). Thus, 45 patients completed their treatment. Of these 45 
patients, 38 had ulcer healing at reendoscopy 4 weeks after stopping treatment 
(21 of 26 patients after CBS followed by ranitidine and 17 of 19 patients after 
triple therapy followed by ranitidine). These 38 patients were followed up and 
underwent reendoscopy and biopsy 3, 6, and 12 months after treatment was 
stopped or earlier if symptoms recurred. No antacids were prescribed and no 
further ranitidine maintenance therapy was given after the endoscopy in week 8. 

At endoscopy 1 month after the study treatment period (week 8) histological 
and bacteriological examinations failed to detect H. pylori in 17 patients, 15 of 
whom had received triple therapy. There was no endoscopic ulcer relapse in any 
of these 17 patients who remained H. pylori negative over the following 12 
months, whereas 17 of the 21 patients who were still H. pylori positive 1 month 
after stopping treatment had endoscopically confirmed duodenal ulcer relapse 
during that time. The difference in duodenal ulcer relapse rates between the 
H. pylori-positive and -negative groups was highly significant (p < 0.001). Nine 
patients who remained positive for H. pylori and again had ulcer relapse were 
subsequently given triple therapy. Seven of these nine patients were eradicated 
of H. pylori and had no further ulcer relapse within the next 12 months. 

In this study, all patients received the same dose of bismuth. The rate of 
H. pylori eradication was, however, lower in those patients treated with CBS 
monotherapy than in those treated with triple therapy. Eradication of H. pylori 
and not the prolonged action of CBS after absorption explains the lower ulcer 
relapse rate in these patients. 

Conclusion 

There is no proof that H. pylori infection causes duodenal ulceration. However, 
the markedly reduced relapse rate after H. pylori eradication and concomitant 
reduction of inflammation support a dominant role for H. pylori in ulcer 
diathesis. It has now been established that eradication of H. pylori changes the 
natural history of duodenal ulcer disease. After H. pylori eradication, no 
duodenal ulcer relapses were reported unless recrudescence of H. pylori occur­
red. 

The Working Party that met during the Wodd Congress of Gastroentero­
logy 1990 discuss "Helicobacter pylori: causal agent in peptic ulcer disease?" 
advises that anti-H. pylori therapy should be considered in patients requiring 
either maintenance therapy or surgery, or where complications such as bleeding 
or perforation have occurred. The Working Party recommends a triple therapy 
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of either CBS or bismuth subsalicylate, one tablet q.d.s., tetracycline hydrochlo­
ride 500 mg q.d.s., and metronidazole 400 mg t.d.s. over 14 days. 
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Two-Month Assessment of Duodenal Ulcer Healing 
and Helicobacter pylori Eradication Rates 
in Patients Treated for One Month with Omeprazole 
Alone or Combined with Antibiotics 

V. Lamy!, B. Ramdani!, A. Floriani!, D. Fameree 2 , 1. Cappelli!, 
and R. Moisse! 

Introduction 

Helicobacter pylori is strongly associated with chronic gastritis and duodenal 
ulcer. Some authors have claimed that omeprazole is effective against H. pylori 
[1-8J, and certainly omeprazole has been described as being one of the best 
treatments for duodenal ulcer disease. 

Material and Methods 

Eighteen patients (16 men and two women) with endoscopically proven duo­
denal ulcer were included in a prospective study. They received omeprazole 20 
mg daily for 1 month, either as mono therapy in nine patients, combined with 
tinidazole 2 x 500 mg for 10 days in seven patients, combined with amoxicillin 
4 x 500 mg for 10 days in one patient, and combined with amoxicillin 4 x 500 mg 
plus metronidazole 3 x 500 mg for 10 days in one patient. 

The control examination was done 1 month after the end of these treatments. 
The patients were observed for duodenal ulcer healing and H. pylori eradication. 
Eradication of H. pylori was defined as negative culture, urease test, cytology 
and histology with six antral biopsies 1 month after the end of treatment. 

Results 

Table 1 summarizes the results of this study. 

- All the treatments of this study are able to heal duodenal ulcer. However, the 
results are mediocre with only ten of 18 patients being cured. 

- The patients treated with omeprazole alone remained H. pylori positive (nine 
out of nine patients) and were healed only in three out of nine cases. 
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Table 1. Results 

Day 0 Day 56 control 
Patient Treatment 
No. Sex HP DU (28 days) HP DU 

I M + + 2 + 
2 M + + 2 + B 
3 M + + I + 
4 M + + I + + 
5 M + + I + + 
6 M + + 2 + 
7 M + + I + + 
8 F + + I + 
9 M + + I + 

10 M + + 4 
II M + + I + + 
12 M + + I + + 
13 M + + 2 + 
14 M + + I + 
15 M + + 2 + B 
16 M + + 2 + B 
17 M + + 3 + 
18 F + + 2 + 

HP, Helicobacter pylori status; DU, duodenal ulcer; I, omeprazole; 2, omeprazole 
plus tinidazole; 3, omeprazole plus amoxiciIIin; 4, omeprazole plus metronidazole 
plus amoxiciIIin; B, bulbitis. 

- All five patients with an active duodenal ulcer at the control! month after the 
end of treatment had received omeprazole alone. 

- All three patients with active bulbitis were treated with omeprazole plus 
tinidazole. 

- Four tinidazole-sensitive patients became resistant to tinidazole after treat­
ment, two had received omeprazole alone and two omeprazole plus tinida­
zole. 

- Most of the patients remained H. pylori positive after these treatments. 
- The one patient treated with omeprazole plus two antibiotics became 

H. pylori negative and was cured of his duodenal ulcer. 

Discussion 

It seems that omeprazole, one of the most potent anti-ulcer drugs currently 
available, can clear, but cannot really eradicate H. pylori [2, 4]. There has been 
confusion in the recent literature regarding this topic [3, 5-8]. Our study seems 
to confirm that omeprazole is effective in healing duodenal ulcer but cannot be 
used alone for H. pylori eradication. The real explanation as to the clearance 
effect of onieprazole on H. pylori is not known. It probably acts by pH changes 
induced in the stomach. The use of omeprazole combined with appropriate 
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antibiotics will be a good therapeutic challenge in the future for both the healing 
of duodenal ulcer and H. pylori eradication. 

Conclusion 

It seems interesting to continue the study ofthe clearance mechanism induced 
on H. pylori using omeprazole. 
A large clinical controlled study on duodenal ulcer healing and H. pylori 
eradication after omeprazole combined with appropriate antibiotics treat­
ment is also very attractive. 
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Helicobacter pylori and Healing of Refractory 
Duodenal Ulcer: Preliminary Results 
of a Randomised Trial 

O. Sangaletti, M. Lazzaroni, H. Zhu, and G. Bianchi Porro 

Introduction 

Helicobacter pylori (HP) infection is very frequently observed in patients 
suffering from gastric and, in particular, duodenal ulcer with a mean incidence of 
60% and 86%, respectively, as opposed to a 24% occurrence in asymptomatic 
volunteers [1]. HP infection of the gastric antrum is considered potentially 
capable of influencing ulcer healing rates and may well playa role in duodenal 
ulcer resistance to H2 antagonists. To explore the possibility ofHP involvement, 
we undertook a randomised study of refractory duodenal ulcers comparing the 
efficacy of colloidal bismuth subcitrate (CBS) plus antibiotics active on HP with 
that of sucralfate, a drug with similar anti-ulcer properties but devoid of anti-HP 
activity. 

Patients and Methods 

Eleven patients five men, six women; mean age 47.8 ± 8.07 years) with HP­
positive duodenal ulcers resistant to 8 weeks of therapy with full-dose H2 
antagonists were entered into the study. They were randomly allocated to 
treatment with CBS 120 mg q.i.d for 4 weeks with the addition of amoxicillin 1 g 
ti.d. during week 1 and 500 mg b.i.d. during week 2 or with only sucralfate 1 g 
q.i.d. for 4 weeks. Ulcers endoscopically unhealed after 4 weeks were openly 
treated with the other form of treatment for a further 4 weeks. Endoscopy was 
performed at the end of treatment and 4 weeks after cessation of therapy. HP 
infection was demonstrated on gastric biopsies by histology (Giemsa staining) 
and rapid urease test. Eradication of HP was defined as negative histology and 
rapid urease test of antral biopsies 1 month after stopping therapy. Immuno­
globulin G (IgG) levels were quantified by enzyme-linked immunosorbent assay 
(ELISA) (G.A.P. Test; BIO-RAD Laboratories, Segrate, Milan). All the sam­
ples, diluted 1:200, were assayed simultaneously, and the absorbance of the test 
was read at 405 nm. The sensitivity and the specificity of the test were 80% and 
100%, respectively. The antibody activity was expressed as optical density (OD), 
and samples with an OD above 0.150 were considered as positive. 
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Statistical analysis was performed where appropriate using the Fisher exact 
test and signed rank test. 

Results 

The results relative to ulcer healing rate and HP infection are summarised in 
Table 1. Sucralfate therapy was associated with a healing rate of 13% (1/8) of 
refractory duodenal ulcers without HP clearance from the gastric antrum, 
whereas CBS plus antibiotics healed 100%. So far, only three patients of the 
CBS group have been endoscopically controlled at 4 weeks after stopping 
therapy; they are still healed and HP negative. 

Antibody levels were measured in eight patients of the CBS group and in six 
patients of the sucralfate group. Figure 1 shows the antibody profiles for each 
patient at 4 and 8 weeks. The median values before and after therapy were 1.116 
and 1.090 (p not significant) for the sucralfate group and 1.090 and 0.955 
(p < 0.05) for the CBS plus antibiotics group. In the CBS group, three patients 
underwent control 4 weeks after treatment cessation; a further reduction of 
antibody titres was observed (Fig. 1). 

Table 1. Preliminary results of a controlled comparison between CBS plus antibiotics and sucralfate 
in the treatment of resistant duodenal ulcers 

Healing at 4 weeks 
Healing at 8 weeks 
HP clearance 

CBS + antibiotics 
(n 8) 

(n) (%) 

Sucralfate 
(n 8) 

(n) (%) 

1/8 

0/8 

13 

p 

<0.05 

HP eradication (1 month after healing) 

8/8 
3/3 
8/8 
3/3 

100 
100 
100 
100 

0.0. 0.0. 

2 2 

• • ~ • :: • 

~ 
--==I 

1== :::: 
Fig. 1 a, b. Antibody profile before and after 

~ therapy with sucralfate (a) and CBS plus 

0 0 antibiotics (b) 

0 4 0 4 8 

a Weeks b Weeks 
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Discussion 

The efficacy of CBS in healing duodenal ulcer [2] and in preventing relapse 
[3-9] has been widely shown. The activity of CBS against HP is also well 
established, and several studies suggest that eradication of HP is the key to 
preventing ulcer relapse [3, 7, 10-12]. To date few studies have explored the 
possibility that HP might be involved in the development of refractoriness to H2 
blockers. Two controlled clinical trials have shown that these ulcers respond 
well to short-term treatment with CBS (with healing rates of 80% and 90% after 
4 and 8 weeks of treatment, respectively) [13-14], and a pilot study showed that 
the combination of H2 antagonists with an antibiotic (200 mg b.i.d. ofloxacin) is 
capable of 100% healing of HP-positive resistant duodenal ulcers [15]. Our 
preliminary results confirm the possibility of HP infection playing an important 
role in the development of refractoriness to H2 antagonists; the healing rate in 
the CBS plus antibiotic group was significantly higher than that in the sucralfate 
group. After therapy, all patients in the CBS group were HP negative, and a 
significant decrease ofIgG antibodies was also observed. The eradication of HP, 
only observed in three patients, was associated with a further decrease of IgG 
levels thus confirming the usefulness of IgG assay in evaluating the efficacy of an 
antibacterial therapy. 
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Treatment with Amoxicillin and Colloidal 
Bismuth Subcitrate in Children 
with Helicohacter pylori-Associated Peptic Disease 

C. De Giacomo 1, L. Villani 2, and R. Fiocca 2 

Helicohacter pylori Infection in Children 

In children Helicobacter pylori infection is strikingly associated with peptic 
disease [1]. Family history of peptic disease, previous digestive procedures, and 
nonspecific epigastric pain are the most frequently encountered clinical 
features [2]. Isolated vomiting and more severe symptoms such as hematemesis 
are rarely described. At endoscopy antral nodularity, and gastric and duodenal 
ulcers are the typical lesions [2]. The infection is almost invariably associated 
with histologic evidence of chronic gastritis [2, 3]. Serum immune response 
against the bacterium with production of specific immunoglobulin G (IgG) and 
IgA is found in the majority of infected children [4, 5]. An increase in the level of 
serum pepsinogen I usually occurs [5]. 

Treatment in Children 

Long-term eradication of the infection is associated with symptomatic improve­
ment, healing of peptic ulcers, associated with a reduced relapse rate, and 
histologic improvement [2, 5, 6]. In spite of these results, treatment is not well 
established. In fact, as in adults, antibiotic monotherapy demonstrated poor 
efficacy in eradicating H. pylori and improving gastritis [7, 8]. The association 
of amoxicillin with tinidazole [5J or bismuth salts [2, 9J allowed better results, 
corresponding to a similar experience in adults. In addition, the number of 
pediatric patients is low, and long-term follow up to confirm effective eradic­
ation are not always available [9]. 

Open Pilot Study on Amoxicillin and Colloidal 
Bismuth Subcitrate in Children: Patients and Methods 

Twenty-nine children and adolescents (mean age ± SD 12.08 ± 4.54) with 
H. pylori infection were studied. The clinical findings at diagnosis were: recur­
rent epigastric pain in 21, associated with recurrent vomiting in three, and with 
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hematemesis in one. At the time of endoscopy, eight children had no symptoms 
related to gastroduodenal disease; in these eight, endoscopy was carried out for 
indications other than dyspepsia (follow up of previous diseases, evaluation of 
esophageal varices, investigation of failure to thrive). 

After diagnosis of H. pylori infection, an oral treatment was started as 
follows: amoxicillin (70 mg/kg per day) in two doses for 2 weeks and colloidal 
bismuth subcitrate (CBS) (De-Nol, Gist-Brocades, The Netherlands, 480 mg 
Biz0 3/1.73 per square meter of body surface per day) in three or four divided 
doses for 4 weeks. In seven younger children (mean age of 8.4 years, range of 
5-12 years), the blood bismuth level was monitored by atomic mass spectro­
metry. All but one of the patients completed the course of therapy. The one 
patient who did not complete the course was a 17-year-old girl affected by 
erosive antral gastritis who discontinued the treatment because of vomiting. 
After 2-13 months from cessation of therapy endoscopy, with antral biopsies, 
was repeated in 22 patients, while eight refused further endoscopy. Parental 
informed consent was requested to start the treatment. 

Endoscopy 

Endoscopic examination of the upper digestive tract was carried out by an 
Olympus GIF P3 endoscope before starting the treatment. In 22 patients 
endoscopy and antral biopsy were repeated after a period of 2-13 months after 
the treatment was discontinued. Endoscopy was performed after i.v. diazepam 
sedation. Parental informed consent was requested before endoscopy. 

Histology 

Hematoxylin and eosin- and Giemsa-stained antral biopsies were evaluated by 
two different pathologists (RF, LV). Classification of chronic gastritis was made 
following published criteria [10]. Grading of gastritis was based on the criteria 
of Marshall et al. [11J, slightly modified as follows: briefly, the presence and 
density of mononuclear cells in the lamina propria (score of 0-3), the presence 
and density of intraepithelial granulocytes (0-2), the extent of micropapillary 
and microerosive alterations of surface epithelium (0-2), and the presence and 
severity of mucous depletion (0-2) were each assessed separately. The presence 
and number of bacteria were scored from 0 to 2, but this score was excluded 
from the total gastritis score. 

Serology 

An enzyme-linked immunosorbent assay (ELISA) with a suspension of six 
isolates of H. pylori (whole cells) as antigen was developed. Serum samples for 
specific IgG and IgA were evaluated before treatment. in 22 patients and also 
after treatment in 17. This method showed 100% of positive predictivity when 
both IgG and IgA are positive in the same patient [4]. 
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Statistical Analysis 

Comparison of gastritis scores before and after therapy was performed using the 
Student's t test for paired samples and the Wilcoxon test. Correlation between 
gastritis and H. pylori scores was obtained with the calculation of the linear 
correlation coefficient and the Spearman's test. Analysis of anti-H. pylori anti­
body levels was carried out by the Student's t test for paired samples after 
logarithmic transformation of values. 

Results 

Disappearance or improvement of symptoms was recorded in 14 of 21 sympto­
matic children. One child, who had not complained of epigastric pain before 
endoscopy and treatment, developed typical dyspepsia some months after 
unsuccessful treatment. Eight children had persistence of epigastric pain during 
follow up: six of these were re-evaluated by endoscopy and antral biopsy 
showing persistence of H. pylori infection in four. 

Endoscopy 

Endoscopic follow up was performed in 22 patients (Table 1). Healing of gastric 
ulcer in one and duodenal ulcer in two patients was found. Antral nodularity 
was still present in four patients (in three of these the infection was cleared). 

Table 1. Results of treatment in 22 children with endoscopic and histologic follow 
up 

H. pylori status 
After treatment 

Before 
treatment Negative Positive 

Children (n) 22 16 6 
Digestive symptoms (n) 16 2 4 

Endoscopy 
Normal antrum (n) 5 8 2 
Nodular antritis (n) II 3 I 
Hyperemia (n) 6 5 3 
Duodenopathy (n) l3 6 3 
Gastric ulcer (n) I 
Duodenal ulcer (n) 2 

Histology 
Normal antrum (n) 3 
Chronic gastritis (n) 22 12 6 
Activity (n) 9 2 
Gastritis score 
(mean ± SD) 3.9 ± 1.6ab 1.2 ± 0.7 a 3.5 ± I.3 b 

a Significant difference; b not significant. 
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Table 2. Effects of treatment with or without eradication of H. pylori on specific antibody titers 

Patients cured (n = 10) Pre-treatment 

Post-treatment 
Patients stilI infected (n = 7)pre-treatment 

Post-treatment 

IgG 

1.19 ± 0.29...., 
p < 0.001 

0.30 ± 0.35...1 
l.08 ± 0.24....., 

NS 
0.95 ± 0.35 ...J 

IgA 

1.29 ± 0.42-, 
p < 0.001 

0.72 ± 0.45.....J 
1.27 ± 0.46, 

NS 
1.17 ± 0.50...1 

Results are expressed as means ± SD after log transformation of values. NS, not significant. 

Histology 

The association ofamoxicillin and CBS cleared H. pylori in 16 of the 22 children 
with histologic follow-up. The mean gastritis score ± SO for the 22 children was 
significantly reduced by treatment (means ± SO of the scores before vs. after 
treatment = 3.90 ± 1.61 vs. 1.86 ± 1.42). In the 16 patients in whom H. pylori 
was eradicated the difference between the scores before and after treatment was 
highly significant (means ± SO = 4 ± 1.73 vs. 1.20 ± 1.77). In the six persisten­
tly infected patients, no significant difference of the scores was found (mean!> 
± SO = 3.67 ± 1.37 vs. 3.50 ± 1.38). The calculation of the correlation coeffi­

cient (r = 0.76, P < 0.001) indicated a strong correlation between the gastritis 
score and the H. pylori score. 

Serology 

Six months after stopping treatment, the titers of H. pylori-specific IgG and IgA 
were significantly lower in children in whom treatment eradicated the infection, 
but not in children who remained infected (Table 2). 

Side Effects and Blood Bismuth Levels 

Only one child discontinued treatment because of recurrent vomiting. The other 
28 completed the course of treatment without significant side effects. Values of 
blood bismuth level in the eight youngest children ranged from 5 to 28 flg/l with 
a mean of 11.6 flg/l. 

Conclusions 

Early unsuccessful attempts to obtain long-term eradication of H. pylori with 
antibiotic monotherapy [7, 8] prompted us to evaluate oral therapy combining 
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amoxicillin with CBS. We performed a pilot study on 29 children and adoles­
cents with H. pylori-associated chronic gastritis (three with peptic ulcers). 
Owing to the high rate of relapse reported in adults within the first 4 weeks after 
stopping therapy [12J, we preferred to repeat endoscopy over 2 months after 
discontinuation of therapy. Our results show that combination of amoxicillin 
and CBS is effective in producing long-term eradication in 75% of children. The 
clearance of H. pylori was strikingly associated with the healing of peptic ulcers 
and significant improvement of chronic gastritis. The therapy including amoxi­
cillin and CBS was well tolerated in all but one child. Blood bismuth levels were 
far below the proposed (and debated) threshold for discontinuing therapy [13J, 
confirming previously reported results on the safety of CBS at the pediatric 
age [14]. 
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Helicobacter pylori and Duodenal Ulcer Relapse: 
Effect of Bismuth-Free Short-Term Triple Therapy 

L.G.V. Coelho l, M.C.F. Pass os l, Y. Chausson 2, M.L.M. Fernandes 3 , 

M.L.G. Nogueira 3 , and L.P. Castro l 

Introduction 

Recent studies have demonstrated that the eradication of Helicobacter pylori is 
associated with a significant reduction in the rate of duodenal ulcer relapse or 
even the abolition of the disease [1-5]. The best results have been obtained with 
the use of a combination of bismuth salts with one or two antimicrobial agents 
[2-5]. However, bismuth salts are not available in many countries and in some 
their use has been banned because of past reports of toxicity from France and 
Australia [6-8]. 

Before the identification of H. pylori, Chinese studies had shown that 
furazolidone could heal peptic ulcer and lower the relapse rate after treatment 
[9, 10J, and recently in vitro studies have demonstrated that H. pylori is very 
sensitive to furazolidone [11]. In a double-blind, randomized, prospective pilot 
study comparing furazolidone and cimetidine we demonstrated that furazoli­
done has an anti-ulcer action similar to cimetidine (Fig. 1) and an 18% H. pylori 
eradication rate 6 months after treatment. A significantly lower relapse rate was 
also demonstrated in patients treated with furazolidone over a 6-month follow­
up period (Fig. 2) [12]. It was later observed that the combination of furazoli­
done, amoxicillin, and metronidazole was effective in eradicating H. pylori in 
83% of asymptomatic H. pylori-positive volunteers [13J. 
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Fig. la, b. Duodenal ulcer healing rates. a Cime­
tidine group; b furazolidone group 
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Fig. 2. Comparison of relapse rates of duodenal ulcer 6 months after treatment 

This study was carried out to evaluate the use of this treatment regimen for 
the eradication of H. pylori and for the reduction of duodenal ulcer relapses. The 
detailed results of this investigation have already been published elsewhere [14]. 

Patients and Methods 

After informed consent 61 patients with endoscopically proven duodenal ulcer 
and H. pylori infection detected on 14C-urea breath test as previously described 
[15J were included in the study. In addition to classical anti-ulcer agents 
prescribed by their attending physicians, all patients received furazolidone (one 
200-mg tablet), metronidazole (one 250-mg tablet) and amoxicillin (one 500-mg 
capsule) in combination three times a day for 5 days. Patients were advised to 
avoid alcoholic drinks because of the possible occurrence of Antabuse-like 
effects triggered by metronidazole and furazolidone. 

The breath test was repeated after an interval of at least 2 months after the 
end of treatment and again 6.5 months after treatment for the detection of a 
possible recurrence of infection. Endoscopy was also performed 6.5 months, or 
whenever necessary, after treatment to determine possible ulcer relapse. 

Statistical analysis was performed by means of the Student's t test, chi-square 
test, and the exact Fisher test. 
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Results 

A total of 61 patients were entered into the study. Eight patients were with­
drawn because they failed to attend follow-up appointments; five others were 
excluded: three were submitted to surgical treatment due to pyloric stenosis or 
clinical intractability, and two because of side effects (one had nausea and one a 
rash). 

Thus, 48 patients (26 men and 22 women; mean age, 41.5 years) completed 
their treatment and were available for check ups as required by the study 
protocol. Before treatment 22 patients had a healed ulcer, 22 had active ulcers, 
and in four patients the staging of the duodenal ulcer were not clearly described. 
Of the 48 patients treated with triple therapy, 33 were using H2 bockers, three 
were using antacids, and 12 took no medication. 

Side effects were frequent and occurred in 39.3% (24/61) of the patients: 30% 
had nausea, 10% had occasional vomiting, 4% complained of dizziness and of a 
bitter taste in the mouth, one patient reported diarrheal bowel movements, and 
one patient reported cephalalgia. The treatment had to be interrupted in only 
two patients (3, 3%) due to serious side effects. 

At 2.5 months (55-138 days; median 69 days) after the end of the treatment, 
patients were invited to return for a breath test. All the 48 patients were 
available for study: the test was negative in 60% (29/48) of the patients and 40% 
(19/40) remained H. pylori-positive. 

At 6.5 months (156-364 days; median 198 days) after treatment all 48 
patients returned for re-endoscopy and a breath test to assess the endoscopic 
stage of the duodenal ulcer and to determine the rate of delayed eradication. 

The H. pylori-positive and H. pylori-negative patients were homogeneous in 
relation to age, sex, endoscopic staging of the ulcer and use of anti-ulcer drugs 
before the antimicrobial treatment as well as in relation to the occurrence of 
adverse reactions (Table 1). 

Table 1. Clinical and endoscopic characteristics of H. pylori-positive and H. pylori-negative pa­
tients as determined by a breath test performed 6.5 months after treatment 

Status 
H. pylori positive H. pylori negative 

Characteristics n n p 

Patients 22 26 
Sex (male/female) 14/8 12/14 NS 
Healed ulcer upon admission" 8/19 14/25 NS 
Use of anti-ulcer drugs upon admission 16 20 NS 
Side effects of treatment 9 9 NS 
Healed ulcers 6.5 months after treatment" 16 26 0.012 
Symptoms 6.5 months after treatment 9 2 0.01 
Use of anti-ulcer drugs 6.5 months after 
treatment 8 0 0.02 

"Endoscopic staging was not clearly determined in three H. pylori-positive and one H. pylori­
negative patient on admission. 
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Fig. 3. Endoscopic staging of duodenal ulcer before and after antimicrobial treatment in both 
groups 

Of the 29 H. pylori-negative patients at 2.5 months after treatment only four 
(13.8%) showed a return to positivity at 6.5 months with a eradication rate of 
54% ranging from 40% to 60%, with 95% confidence limits. All of the 26 
patients in whom the bacterium was eradicated showed healed duodenal ulcers, 
whereas the 22 patients in whom H. pylori persisted six (27%) showed active 
ulcers, a statistically significant correlation (p = 0.012). Of the 26 patients who 
remained H. pylori-negative 6.5 months after treatment only two referred to 
occasional epigastric burning and none was using anti-ulcers drugs. Otherwise, 
of the 22 patients who remained H. pylori-positive, eight (36%) continued with 
symptoms and still used anti-ulcer drugs. There was a significant correlation 
between the presence of H. pylori, the persistence in the use of anti-ulcer drugs 
(p = 0.002), and the presence of dyspeptic symptoms (p < 0.Q1) at the end of the 
6.5 month follow-up period. 

The endoscopic staging of the duodenal ulcers before and after antimicrobial 
treatment in H. pylori-positive and H. pylori-negative patients is shown in 
Fig. 3. The only changes that occurred in the H. pylori-negative group were 
towards healing, whereas in the H. pylori-positive group four ulcers recurred 
and two patients continued to have active ulcers until the end of the study. 

Discussion 

The etiology of peptic ulcer remains unknown. Aggressive and host defense 
mechanisms playa role, and an imbalance in these factors is thought to be 
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important. The idea that peptic ulcer disease may have an infective cause is not 
new. In 1940 Freedberg and Barron [16] suggested that the success of bismuth 
compounds in peptic ulcer might be due to suppression of gastric spirochetes. 
The discovery of H. pylori and its strong association with duodenal ulcer disease 
has heightened interest in a possible infective cause for duodenal ulcer disease 
and has in turn led to investigations to discover whether eradication of this 
organism would succeed in preventing the frequent ulcer relapses and ultimately 
cure the disease. The prolonged remission from duodenal ulcer achieved if 
H. pylori is eradicated has intensified efforts to eradicate the organism and 
prevent reinfection. The easiest possible method to study this causal relationship 
is, in fact, to eradicate H. pylori and monitor the recurrence of duodenal ulcer. In 
a large Australian series reported by Borody et al. [3], an eradication rate of 
94% was obtained in more than 100 patients treated with triple therapy 
[colloidal bismuth subcitrate (CBS) one tablet daily for 1 month, tetracycline 
2 g daily for 1 month, and metronidazole 200 mg four times daily for 10 days]. 
Similar success has been reported by Graham et al. [17] using bismuth sub­
salicylate (BSS) as the bismuth salt. In the most recent report from one 
Australian group [5], the duodenal ulcer relapses and the rate of reinfection 
were followed over 4 years in a large group of resistant or intractable duodenal 
ulcer patients rendered H. pylori negative after triple therapy with a combina­
tion of CBS, tetracycline, and metronidazole. Of the 78 patients available for re­
endoscopy 4 weeks after completion of triple therapy, 75 (96%) were H. pylori 
negative and the duodenal ulcer had healed in all 78 patients. In the 75 
remaining patients the relapse rates for H. pylori infection and duodenal ulcer 
were studied endoscopically, yearly and at any recurrence of symptoms. At year 
1, 71 of 73 patients remained free of H. pylori infection and duodenal ulcer. The 
corresponding figures were subsequently: year 2, 57/57; year 3, 33/34; year 4, 
15/15. No duodenal ulcer recurred in H. pylori-negative patients who were 
followed for up to 4 years. 

In the present paper we demonstrate that triple therapy combining furazoli­
done, metronidazole, and amoxicillin for 5 days was effective in eradicating 
H. pylori in 54% of patients with duodenal ulcers. 

Even though the eradication rate observed here was lower than those 
reported in studies employing bismuth in combination with one or more 
antibiotics for 1 or 2 weeks [1-3, 18, 19], our therapeutic schedule is the 
shortest-lasting regimen reported so far for the eradication of H. pylori, with a 
consequent increase in patient adherence to treatment, lower financial cost, and 
a lower possibility of the occurrence of the serious adverse reactions often 
observed with the prolonged use of antimicrobial agents. The absence of 
bismuth salts in the combination used here facilitates its use in several countries 
where these salts are not commercially available. In addition, since the half-life 
of bismuth salts is estimated to be about 20 days [20], their use several times a 
year (as in case of recurrent ulcers, for example), in patients with kidney or liver 
disease, or in pediatric patients may cause problems requiring frequent moni­
toring of bismuthemia to avoid ocurrence of toxic effects [6-8, 21]. 

There was a high return of recurrence of the infection (approximately 14% in 
4 months or 3.5% per month) in comparison with the figures reported by Rauws 
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et al. [18J-1% per month-and George et al. [5J-7.6% in 4 years or 0.15% 
per month. These findings favor the idea that tests to evaluate the eradication of 
the micro-organism should be performed 1-3 months after the end of treatment. 
However, in view of the high prevalence of H. pylori in Brazil (more than 85%), 
even in the asymptomatic population (unpublished data), and in other develop­
ing countries [22, 23J, additional studies with longer follow-up periods should 
be performed to learn more about the natural history of patients in whom the 
infection was eradicated with respect to reinfection with H. pylori, especially in 
those populations with high prevalence of the infection. 

The present study also demonstrates that the eradication of H. pylori is 
associated with a significant reduction of active ulcers during a mean follow-up 
time of 6.5 months. None of the present patients whose breath test was H. pylori 
negative presented active ulcers during the study period, in contrast to 27% of 
the patients who continued to be infected with the microorganism. In addition, 
the patients in whom the microorganism was eradicated no longer needed any 
anti-ulcer medication during follow up, most of them categorically reporting a 
sensation of well-being they had not experienced in previous treatments, with 
tolerance of foods previously avoided, alcoholic drinks, and smoking. Although 
not scientifically quantified, these observations have also been reported by other 
investigators [2, 3]. 

Several studies have demonstrated that the eradication of H. pylori in 
patients with ulcer disease is accompanied by histologic resolution of the 
chronic gastritis almost invariably present and by marked reduction [2, 3J or 
even abolition [4, 5J of ulcer relapse. This epidemiologic evidence suggests that 
H. pylori is pathogenetically important in ulcer diathesis although the physio­
pathologic mechanisms involved are still obscure. It has been recently observed 
[24J that H. pylori-positive ulcer patients have significantly higher acid secre­
tion in response to pentagastrin stimulation and significantly greater postpran­
dial gastrinemia than H. pylori-negative ulcer patients, and that eradication of 
the microorganism significantly reduces the postprandial serum gastrin levels. 

The encouraging results observed after antimicrobial treatment of duodenal 
ulcer are still hampered by various obstacles. The difficulty in eradicating 
H. pylori from the gastric mucosa has stimulated the use of several antimicrobial 
agents [25, 26J, which in turn favor the development of bacterial resistance and 
increase the incidence of side effects [3, 25, 26]. Otherwise, in many parts of the 
world, where giardiasis and amebiasis are endemic, nitroimidazoles are fre­
quently used, and primary resistance of H. pylori to these compounds is 
common. Even in those communities where primary resistance is relatively low, 
triple therapy fails in up to 20% and side effects are significant in 30% [27]. 

In conclusion, we strongly believe that the antimicrobial treatment offers the 
perspective of a definitive cure of the ulcer process. The combined treatment 
with furazolidone, amoxicillin, and metronidazole for 5 days represents a well­
tolerated, inexpensive, and effective therapeutic regimen for the eradication of 
H. pylori in more than 50% of ulcer patients. Studies must be conducted to 
obtain better treatment regimens in terms of simplicity, safety, and effectiveness. 
Finally, two emerging problems, particularly in developing countries, must be 
pointed out in the management of H. pylori-positive duodenal ulcer patients: the 
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high rate of primary metronidazole resistance and the probably higher risk of 
reinfection after treatment due to the higher prevalence of H. pylori infection in 
the population. 

References 

1. Coghlan JG, Humphreis H, Dooley C et al. (1987) Campylobacter pylori and recurrence of 
duodenal ulcers-a 12 month follow-up study. Lancet ii: 1109-1111 

2. Marshall BJ, Warren JR, Blincow ED et al. (1988) Prospective double-blind trial of duodenal 
ulcer relapse after eradication of Campylobacter pylori. Lancet ii: 1437-1441 

3. Borody TJ, Cole P, Nooman Set al. (1989) Recurrence of duodenal ulcer and Campylobacter 
pylori infection after eradication. Med J Aust 151 :431-435 

4. Rauws EAJ, Tytgat GNJ (1990) Cure of duodenal ulcer associated with eradication of Heli­
cobacter pylori. Lancet 335: 1233-1235 

5. George LL, Borody TJ, Andrews A et al. (1990) Cure of duodenal ulcer after eradication of 
Helicobacter pylori. Med J Aust 153: 145-149 

6. Bums R, Thomas DW, Barron VJ (1974) Reversible encephalopathy possibly associated with 
bismuth subgallate ingestion. Br Med J 1: 220-223 

7. HiIlemand P, Polliere M, Laquais B et al. (1977) Traitement bismuthique et bismuthemie. 
Semin Hop 53: 1663-1669 

8. Monseu G, Struelens M, Roland M (1976) Bismuth encephalopathy. Acta Neurol Belg 
76:301-308 

9. Zheng ZT, Wang ZY, Chu YA et al. (1985) Double-blind short-term trial of furazolidone in 
peptic ulcer. Lancet i: 1048 

10. Zhao HY, Li G, Guo J et al. (1985) Furazolidone in peptic ulcer. Lancet ii: 276 
11. Howden A, Boswell P, Tovey F (1986) In vitro sensitivity of Campylobacter pyloridis to 

furazolidone. Lancet ii: 1035 
12. Coelho LGV, Queiroz DMM, Barbosa AJA et al. (1989) Furazolidone x cimetidine in duode­

nal ulcer C. pylori-positive patients. Gastroenterology 96/5: A91 
13. Coelho LGV, Passos MCF, Queiroz DMM et al. (1990) Five day triple therapy and 15-day 

double therapy on H. pylori eradication. In: Malfertheiner P, Distschneit H (eds) Helicobacter 
pylori, gastritis and peptic ulcer. Springer, Berlin Heidelberg New York, pp 438-440 

14. Coelho LGV, Passos MCF, Chausson Y, Castro LP (1991) Five day bismuth-free triple ther­
apy for the eradication of Helicobacter pylori and reduction of duodenal ulcer relapse. Am J 
Gastroenterol 86(8): 971-975 

15. Coelho LGV, Chausson Y, Passos MCF et al. (1990) Test repiratoire a I'uree marquee au 
carbone-14 pour Ie diagnostic de la colonisation gastrique par Ie Helicobacter pylori. Gastroen­
terol Clin BioI 14:801-805 

16. Freedberg AS, Barron LE (1940) The presence of spirochetes in human gastric mucosa. Am J 
Dig Dis 7: 443-445 

17. Graham DY, Lew GM, Michaletz PA (1989) Randomized trial of the effect of eradication of 
C. pylori on ulcer healing and relapse. Gastroenterology 96 [Suppl]: A181 

18. Rauws EAJ, Langenberg W, Houthoff HJ et al. (1989) Campylobacter pyloridis-associated 
chronic active antral gastritis. Gastroenterology 94: 33-40 

19. Borsch G, Mai U,Opjerkuch W (1989) Short and medium-term results of oral triple therapy to 
eradicate C. pylori. Gastroenterology 96: A53 

20. HirschI AM, Hentschel E, Schiitze K et al. (1988) The efficacy of antimicrobial treatment in 
Campylobacter pylori - associated gastritis and duodenal ulcer. Scand J Gastroenterol 23 
[SuppI142]:76-87 

21. Playford RJ, Matthews CH, Campbell MJ et al. (1990) Bismuth induced encephalopathy 
caused by tri potassium dicitrato bismuthate in a patient with chronic renal failure. Gut 
31: 359-360 

22. Glupczynski Y, Bourdeaux L, Verhas M, Balegamire B, Devos D, Devrecker T (1989) Epi­
demiology of Campylobacter pylori infection in Zaire. Klin W ochenschr 67 [Suppl XVIII] : 23 



H. pylori and Duodenal Ulcer Relapse 371 

23. Perez-Perez GI, Taylor DN, Bodhidatta Let al. (1990) Seroprevalence of Helicobacter infec­
tions in Thailand. J Infect Dis 161: 1237-1241 

24. Levi S, Beardshall K, Swift I et al. (1989) Antral He1icobacter pylori, hypergastrinaemia, and 
duodenal ulcers: effect of eradicating the organism. Br Med J 299: 1504-1505 

25. Bayerdorffer E, Ottenjann R (1988) The role of antibiotics in Campylobacter pylori associated 
peptic ulcer disease. Scand J Gastroenterol 23 [Suppl 142]: 93-100 

26. Graham DY, Klein PD, Opekum AR et al. (1989) In vivo susceptibility of Campylobacter 
pylori. Am J Gastroenterol 84: 233-238 

27. Tytgat GNJ, Axon ATR, Dixon MF, Graham DY, Lee A, Marshall BJ (1990) Helicobacter 
pylori: causal agent in peptic ulcer disease? In: Working party reports. World congress of 
gastreonterology, Sydney. Blackwell, Oxford, p36-45 



Bismuth Subnitrate in Comparison to Ranitidine 
in Patients with Non-ulcer Dyspepsia: A Randomized 
Controlled Trial 

M. Mateblowski, P. Topfmeier, M. Fischer, and H. Rohde 

Introduction 

The prevalence of dyspeptic disorders is high and has not changed within the 
last 40 years [13]. The term non-ulcer dyspepsia (NUD) describes a complex of 
symptoms, e.g., postprandial feeling of fullness, burping, flatulence, heart burn, 
nausea, epigastric pain, and lack of appetite [21]. NUD is very heterogenous 
and hard to define; [5, 32J it has great socioeconomic impact because the 
average notification of sickness is 26 days annually for NUD patients [19]. 

Helicobacter pylori (HP) is detectable in 45% [20J to 60% [9J of all NUD 
patients, and it cannot been excluded that, for a part, of these patients this 
bacterium is responsible for their symptoms [28J. 

The aim of this investigation was to compare bismuth subnitrate (BSN; 
Ulkowis, Temmler Pharma, Marburg, FRG) and ranitidine (Zantic 300; Glaxo, 
Hamburg, FRG) regarding symptoms and HP eradication, as well as activity 
and gradation of gastritis. 

Methods 

By the use of several clinical, ultrasound, blood chemistry, and X-ray tools, 
further diseases of the stomach and gut were disclosed. Furthermore, the 
following were also excluded: patients with anamnesis of clinically verified 
diseases of the liver, kidney, or lung; patients with known incompatibility to 
bismuth preparations or ranitidine; pregnant or nursing women; women with­
out safe contraception; patients with known malign, hematologic, or cardiac 
diseases or relevant co-medication. 

An endoscopy was performed after premedication of 2-4 mg midazolam 
(Dormicum, Hoffman-La-Roche, Grenzach Whylen, FRG) using Fujinou end­
oscopes (UGI-FP3 or UGI-F49). To avoid cross-contamination, all material in 
putative contact with biopsies and all endoscopes were sterilized directly after 
the examination using Gigasept 1 % and Gigasept FF 6% (Schiilke und Meyer, 
Norderstedt, FRG). 

After evaluation of endoscopic findings, biopsies were taken in the last 2 cm 
of the pylorus. One sample was used for histology, the other one in a biochemi-
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cal urease test system (CUT, Temmler Pharma, Marburg, FRG). In the case of a 
positive result (within 30 min) patients were asked to take part in this study. 

Histology was performed according to the new classification and grading of 
gastritis [11, 26]. No pathologist had knowledge about the treatment. Samples 
were stained using hematoxyline and eosin, and gradation and activity of 
gastritis were determined. Mucosa colonization by HP was semiquantitatively 
evaluated according to the following scale: 

o No bacteria detectable 
1 Low density: longer search necessary to find bacteria 
2 Moderate density: bacteria often detectable at low magnification, flocks of 

bacteria promptly visible at higher magnification. 
3 High density: partly gross colonization, clearly detectable at low magnific-

ation. 

All patients were asked to state the severity of their symptoms on a 
visual- analogue scale (V AS) before and at the end of a 4-week treatment period 
[12, 17]. Patients were randomized to take either two tablets of BSN three times 
daily (2.100 mg/day) before meals or 1 tablet of Ranitidine before bedtime 
(300 mg/day). 

To determine bismuth concentration, methemoglobin, serum glutamic oxalo­
acetic transaminase (SGOT), and creatinine, 10 ml blood was analyzed on the 
first and last days of treatment. By the use of CRFs which did not contain any 
information regarding the substances used, the objectivity of the test was 
guaranteed. 

Biometry and Evaluation 

The comparison between both medications was based on the decrease of pain, 
changes in the gradation and activity of gastritis, and decrease of HP coloniz­
ation. Differences between BSN and ranitidine were analyzed in those patients 
who revealed a decrease in pain of 20% or more; the statistical significance was 
determined using Fischer's exact test (double sided). 

For the gradation of gastritis, a total score system based on histologic 
findings was defined: severity of gastritis plus 2 x HP colonization plus 3 
x gastritis activity = total score (points). Each parameter was classified as 
follows: 0 = no; 1 = low; 2 = moderate; 3 = severe status. Differences between 
the patient groups with regard to a change in the severity of gastritis were tested 
using the Ulemann test (double sided). Before treatment, alpha error was defined 
as 0.05 and adjusted to 0.025 corresponding to a number of comparisons. The 
whole evaluation was performed by the intent-to-treat method. 

Results 

Over a period of 4.5 months 48 NUD patients (24 in each ·group) were treated. 
The demographic and anamnestic data (Table 1) as well as the endoscopic 
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Table 1. Comparison of demographic and anamnestic data of NUD patients 
treated with bismuth subnitrate or ranitidine 

NUD patients treated with 
BSN Ranitidine 

(n = 24) (n = 24), 

Sex 
Female (n) 15 15 
Male(n) 9 9 
Median 49 39 
Age (years) 
Range 17-81 23-66 
Median 168 170 
Height (cm) 
Range 150-192 150-182 
Median 75 74 
Weight (kg) 
Range 46-91 42-95 
Smokers En] 8 13 
Consumers of alcohol (n) 18 18 
Consumers of coffee (n) 23 21 
Anamnesia with 
Epigastric pain (n) 24 23 
Peptic ulcer (n) 7 10 
Duration of symptoms 
< 30 days (n) 15 13 
> 30 days (n) 9 10 

diagnosis confirmed that both groups were comparable except that the average 
age of the patients receiving ranitidine was 10 years less in comparison to those 
receiving BSN. Controls were performed after 28 days (median) in the bismuth 
group and 29 days in the ranitidine group. Before treatment all patients were HP 
positive. 

After 4 weeks 71 % of all patients treated with BSN, but only 29% of those 
who received Ranitidine reverted to being urease negative as evaluated by the 
Campylobaeter urease test (CUT). The histologically proven eradication rate 
after BSN was 58% but 0% after Ranitidine. 

The grading of HP infection decreased after treatment for the BSN group: 
low infection 26% to 11 %, moderate 58% to 26%, and severe 16% to 5%. In 
contrast, no remarkable changes were found in patients treated with ranitidine 
before therapy 27% of patients showed low infection compared to 33% after 
therapy, and 67% showed moderate infection before and after treatment. 

In most cases, gradation of gastritis before therapy was moderate, although 
there was a higher proportion of severe gastritis among BSN patients. After 
treatment 53% ofBSN patients, but only 29% of Ranitidine patients showed an 
improvement. Gastritis activity was decreased in 55% of patients in the BSN 
group and 70% of the Ranitidine group. 

On average, the total degree of gastritis showed a decrease for BSN of four 
points from 8 ± 3 to 4 ± 3 points, whereas for patients treated with Ranitidine a 
one-point decrease from 7 ± 3 to 6 ± 3 points was noted. The difference 
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Fig. 3a, b. Gradation (a) and activity (b) of gastritis in NUD patients after treatment with bismuth 
subnitrate (shaded columns) ranitidine (crossed columns) 

between both medications was statistically significant: p = 0.0199 Ulemann test, 
double sided. 

Symptoms were improved after both treatments with slight differences. A 
minimal decrease in pain of 20% (VAS) was found for 96% and 88% of all 
patients treated with BSN and Ranitidine, respectively. No statistically signific­
ant changes were found for the blood levels of methemoglogin, SGOT, bismuth, 
and creatinine in both treatment groups. There were no values beyond the 
accepted reference ranges. 

Discussion 

Over the last decade there has been a dramatic increase in the number ofNUD 
patients [33]. There was a change in the attitude of pathologists [25] parallel to 
the discovery of the pathogenic nature of HP in chronic gastritis [30] and the 
proof of a statistically significant coherence between the density of HP coloniz­
ation in antrum mucosa and the grade as well as the activity of gastritis [27]. 

Also, gastroenterologists had to clarify the "normal" endoscopic findings in a 
new way. Biopsy monitoring in clinical trials became more significant [25]. This 
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is important, especially for NUD where only very few verified endoscopic 
findings are possible [4, 8, 31J and the clinical symptoms do not correlate with 
the histological status [2, 16]. The hope that healing [16J and a decrease in the 
relapse rate [20J would become possible in NUD associated with HP gastritis, 
as in peptic ulcers, by the use of bismuth preparations seems legitimate because 
of the cytoprotective effect of bismuth salts. HP is not able to survive in 
the altered micromilieu of the mucosa [7, lOJ and healing of gastritis is induced 
[1,4,24]. 

In NUD patients colloidal bismuth citrate [22, 23J, gallate [29J and nitrate 
[24, 28J stood the test. Apart from the loss of hydrophilic properties, the 
behaviour of salicylate and nitrate salts within the acid stomach is comparable 
[6]. BSN accelerates healing of duodenial [3J and ventricularules [28J and 
proved to be very good in this investigation in NUD patients. 

A total of 95.8% of patients treated with BSN, in contrast to 87.5% treated 
with ranitidine, showed a decrease in pain of more than 20%, estimated by the 
use of V AS. This value is comparable to those of other investigations using BSN 
[24, 28J, bismuth subcitrate [23J and bismuth subsalicylate [15]. 

In contrast to H2 receptor antagonists [19J, bismuth preparations showed 
an improvement of symptoms in placebo-controlled trials [14, 24]. This advant­
age of bismuth preparations with regard to a decrease in pain and improved 



378 M. Mateblowski et al. 

histological findings was borne out in our investigation. Furthermore, after 
ranitidine there was no change in HP colonization after treatment, whereas in 
patients treated with BSN 58% reverted to being HP negative, and the 
gradation of HP infection -low, moderate, or severe - was lowered from 26% to 
11 %,58% to 26% and 16% to 5% respectively. These results are comparable to 
those of Archimandreitis et al. [1] and Niedobitek et al. [18]. 

In contrast to the ranitidine group, the improvement in the grading and 
activity of gastritis was impressive in patients receiving BSN and so comparable 
to other investigations [24, 28]. With regard to HP colonization, we found a 
statistically significant difference (p = 0.0199) for BSN. This therapeutic success 
confirms earlier findings that HP is the main cause of B-gastritis [27]. Overall, 
this preparation containing bismuth can be considered to be an effective and 
safe drug for the treatment of non-ulcer dyspepsia. 
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Colloidal Bismuth Subcitrate Versus Amoxicillin 
in the Treatment of Helicobacter pylori-Associated 
Type B Gastritis 

G. Bisi, L. Accorsi, V. Rollo, G. Merighi, and S. Gullini 

Introduction 

Notwithstanding the many specific treatments against Helicobacter pylori (HP)­
positive antral gastritis [1-13], HP detection on the gastric mucosa of patients 
with gastroduodenal peptic disease is still an open question. The purpose of this 
open noncontrolled study was to compare, the efficacy of two established 
treatments, i.e., colloidal bismuth subcitrate (CBS; De-Nol) and amoxicillin in 
HP-positive patients with histologically confirmed type B gastritis. 

Methods 

A group of 50 patients (27 men, mean age 44.3 years; 23 women, mean age 51.4) 
with endoscopical diagnosis of aspecific phlogosis of the gastric mucosa and 
histologic diagnosis of HP-associated gastritis were entered into the study. They 
were referred to our hospital because of different gastrointestinal symptoms 
(nausea, belching, retrosternal and gastric pyrosis, meteorism, borborygmus, 
postprandial cephalalgia). All the symptoms were graded from 0 to 3 on the 
basis of their severity. Details of life habit and previous antacid therapy were 
noted; no patient had a prior history of therapy with amoxicillin. 
During endoscopy, performed with a Fujinon EVG-F instrument, four biopsy 
specimens of antral mucosa were taken in order to study the histology of the 
base pathology and to detect HP. Simethicone was not utilized during end­
oscopy; all the instruments were sterilized with a commercial quaternary 
compound (alkyl-benzyl-dimethylammonium) after each examination. Biopsy 
specimens were placed into a sterile test tube containing Bouin's solution and 
routinely processed (hematoxylin and eosin staining method). The specimens 
were also stained with Giemsa to detect the microorganisms on the gastric 
epithelium. This was the only method used during trial screening and sub­
sequent assessments since, in our opinion, the enzymatic method then available 
was unable to ensure the required reliability [14]. 

Subjects with gastric and duodenal ulcers, with signs of serious renal and/or 
hepatic failure, or with marked alterations of the cardiovascular apparatus, and 
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subjects with a previous history of allergy to penicillin were excluded. Patients 
were informed on the nature and the aims of the study, conducted in accordance 
with the principles of the Declaration of Helsinki, and gave their oral consent. 

Before and after the study, patients underwent laboratory tests for hepatic 
and renal functions. All the patients were randomized to receive either CBS (two 
tablets twice a day for 4 weeks = 25 patients, group A) or amoxicillin (one 
capsule 500 mg twice a day for 15 days = 25 patients, group B). Administration 
of any H2 inhibitor or mucosa protectors was stopped for the whole study 
period (3 months). Only antacids were allowed. 

The protocol provided for a basal examination (endoscopy, histologic study 
of the gastric mucosa, HP detection, and clinical laboratory tests) to select the 
patients. At the first assessment (after 30 days), clinical and endoscopic assess­
ments with HP detection and histologic study of the gastric mucosa were 
performed. After 90 days, the same examinations were performed (second 
assessment). 

Results 

In group A the basal endoscopy showed 25 patients with edema and hyperemia 
of the gastric mucosa, in five cases associated with antral erosions and in two 
without macroscopic lesions. After 4 weeks the endoscopic picture proved 
unchanged in 23 patients and improved in two, while at the second assessment 
23 patients showed edema and hyperemia of the gastric mucosa and two had 
antral erosions. 

In group B the basal endoscopy revealed 20 patients with edema and 
hyperemia of the gastric mucosa, in four cases associated with antral erosions 
and one case without macroscopic lesions. At the first assessment, the end­
oscopic picture proved unchanged in 14 cases (56%) and improved in 11 cases 
(44%). After 12 weeks the endoscopic results were substantially analogous to 
those previously revealed: 16 patients showed signs of edema and hyperemia of 
the gastric mucosa, six had antral erosions, and three were normal. 

In group A the histologic examination of the antral biopsy specimens 
showed 15 cases of inactive chronic superficial gastritis, eight active chronic 
superficial gastritis, and two cases of active chronic superficial gastritis, associ­
ated with intestinal metaplasia. At the first assessment nine cases of inactive 
chronic superficial gastritis, four of active chronic superficial gastritis, and two 
cases of active chronic superficial gastritis associated with intestinal metaplasia 
were found. At the final assessment nine cases of inactive chronic superficial 
gastritis, 12 of active chronic superficial gastritis, and four cases of active chronic 
superficial gastritis associated with intestinal metaplasia were present. In group 
B the basal histologic examination of the antral mucosa showed 14 cases of 
inactive chronic superficial gastritis, seven of active chronic superficial gastritis, 
two of chronic atrophic gastritis, and two of chronic superficial gastritis 
associated with intestinal metaplasia. The histologic average score was un­
changed both at the first and the second assessment. 
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All the patients presented various dyspeptic symptoms at the beginning (see 
"Methods"). After 4 weeks all the group A patients showed a marked improve­
ment in dyspeptic symptoms, with a significant reduction of the symptoms score 
(p < 0.05). At the second assessment the symptom score was further improved. 
In group B all the patients showed a significant improvement in dyspeptic 
symptoms both after 4 and 12 weeks. 

Helicobacter pylori was detected on the gastric mucosa of all subjects before 
the start of treatment. After 4 weeks the HP clearance rate was 60% (15/25) in 
group A and 40% (10/25) in the group B. At the second assessment HP was 
present in 22 out of 25 patients of group A (88 %) and in 24 out of 25 patients 
(96%), with a HP eradication of 12% and 4%, respectively. 

Discussion 

From the results of this open uncontrolled study, the following considerations 
can be made: 

1. In contrast to the conclusions drawn by Glupczynski et al. [2] who found 
that HP vanished in 72% of the cases after treatment (although with a higher 
dosage of amoxicillin), the present study showed a very low HP clearance 
(40%). After 3 months all the patients except one were HP positive, as 
already shown by Borsch et al. [3]. Thus the treatment with a low dosage 
(1 g/day) of amoxicillin appears to be, in our experience, of low efficacy. HP 
detection at the second assessment is more likely due to recurrence rather 
than to reinfection, as already demonstrated by Langemberg et al. [4] by the 
DNA analysis of HP strains. 

2. The low efficacy of amoxicillin monotherapy in HP eradication could be 
explained by its topical activity which, as it gets rid of all the surface 
microorganisms, could be ineffective against the small reserves situated 
deeper in the more protected areas of the mucosa (gastric crypts). HP 
migration could take place to recolonize the whole mucosa. In fact, the 
antibiotic could not act at the proper concentration because the contact with 
the bacteria is difficult due to the protection afforded by the mucus layer and 
the location far from the blood supply. In vitro amoxicillin inhibits the 
growth of HP with a minimal inhibitory concentration ranging between 
0.015 and 0.125 J1g/ml [5-7], which is largely below that achieved in gastric 
biopsy specimens after oral administration of a 500 mg amoxicillin capsule 
[8]. These facts can also explain the differences found between the in vitro 
and in vivo action [9] and, in part, our disappointing results. 

3. The difficulty of obtaining a topographically homogeneous sample of the 
antral mucosa may explain the quantitative variations found in inflammatory 
infiltrate whether HP are present or not. In our experience, the poor HP 
clearance rate did not lead to morphohistologic modifications, at least in the 
short term. Our results, which are in contrast with these already published by 
Glupczynski and McNulty [2, 10], can be read as a confirmation of the 
multifactorial involvement in the pathogenesis of gastritis. 
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4. The improvement in the symptom score observed at the first assessment and 
confirmed at the second assessment, in discordance with endoscopy, histo­
logy, and HP status, leads to the important question of a possible placebo 
effect. In fact, it cannot be neglected that patients voluntarily enrolled in a 
trial are psychologically involved to a higher degree and, because of the 
strong dependence on the physician, they feel better. 

Conclusions 

In our opinion, until the etiopathogenetic role of HP has been established for 
sure and the source of infection and the environmental stores of the bacteria are 
known, antibiotic monotherapy to treat HP-positive antral gastritis appears not 
to be advisable. The use of a multiple drug treatment seems to be even less 
auspicious [3, 11J as it ensures short-term efficacy, but, in the majority of cases, 
it is associated with an early return to the acute state. Furthermore, we cannot 
exclude that such drastic treatment can give rise to antibiotic resistance as 
already described [12, 15, 16]. Until the routes by which HP infection takes 
place have been established and new and more specific drugs are available which 
are able to eliminate HP and prevent its consequences, CBS appears to be, in 
our opinion, the mono therapy of choice in HP-associated gastritis because 
of the already established property of coating, swelling, and lysing HP [13-17]. 
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Response of Helicobacter pylori-Associated Gastritis 
to Colloidal Bismuth Subcitrate Versus Ranitidine 
in Patients with Duodenal Ulcer: A Detailed 
Histological Assessment 

1.1. Wyatt 

Introduction 

Only a minority of patients treated with monotherapy using colloidal bismuth 
subcitrate (CBS) will be eradicated of Helicobacter pylori. However, temporary 
clearance of the bacteria is achieved in a higher proportion of patients and may 
be related to ulcer healing by CBS. It is not known what factors contribute to 
this variation in response rate, although previous work by McNulty et al. [IJ 
suggested that elimination of H. pylori might be more successful in patients with 
initially more severe gastritis. 

The current study forms part of a large multicentre study performed in 
Switzerland, comparing CBS with ranitidine in patients with Helicobacter 
gastritis and duodenal ulceration, which will be reported in full elsewhere. The 
aims of the investigation reported here were: 

1. To determine whether any histological features of the pre-treatment gastric 
biopsies could predict clearance of H. pylori. 

2. Whether H. pylori persists in gastric pits after treatment, before relapse is 
recognised. 

Methods 

This was a histological study of antral biopsies from patients with duodenal 
ulcer participating in a multicentre, double-blind treatment trial of CBS 
(De-Nol, Gist-Brocades, The Netherlands coated tablets 240 mg b.d.) versus 
ranitidine (300 mg b.d.). Only patients with adequate antral biopsies before and 
after treatment, who were initially H. pylori positive by CLO test and histology, 
and who had complete data sets were included (53/120 patients). 

Histological sections of gastric antral biopsies stained with haematoxylin 
and eosin were graded for degree of mononuclear cell infiltrate (0-3), neutrophil 
infiltration (0-4) and for lymphoid follicles. The distribution and density of 
H. pylori was graded on sections stained with Giemsa, as has been previously 
described [2J. Briefly, the surface epithelium, upper pits and deep pits were each 
scored from 0 (no bacteria) to 4 (dense coating of bacteria) and the scores added 
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to give a possible total range of 0-12. This density score gives a non-linear 
grading of the density of H. pylori. Previous evaluation has shown that the score 
was reproducible to ± 2 points, and that 80% of antral biopsies taken from the 
same patient at the same time had scores within ± 2 of each other. 

Results 

Of the 53 patients included, ulcer healing was achieved after 4-8 weeks of 
treatment by 20/22 patients treated with CBS and 29/31 with ranitidine. 
H. pylori was cleared after 4 weeks (biopsies negative by both CLO test and 
histology) in ten patients on CBS and one on ranitidine (p < 0.0005). Ulcer 
healing was not related to clearance of H. pylori. 

Inflammatory Scores 

Both mononuclear cells (Fig. 1) and neutrophil scores (Fig. 2) had fallen 
significantly in the CBS group compared with the ranitidine group at 4 weeks: 
this was largely accounted for by decreasing inflammation in the patients 
cleared of H. pylori. The presence of lymphoid follicles in biopsies showed no 
relation to the effect of treatment. 

The severity of inflammation before treatment did not significantly affect 
clearance, although there was a trend for the patients with less active gastritis to 
be more often cleared of H. pylori after CBS. 
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Fig. la, b. Mononuclear cell scores before and after treatment with CBS (a; n = 22) and ranitidine 
(b; n = 31). Dashed line, patients cleared of H. pylori; solid line, patients not cleared of H. pylori 
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Fig. 2a, b. Neutrophil scores before and after treatment with CBS ( a; n = 22) and ranitidine (b; 
n = 31). Dashed line, patients cleared of H. pylori; solid line, to patients not cleared of H. pylori 

H. pylori Density Scores 

Clearance of H. pylori was not dependent on either the density or the mucosal 
distribution of bacteria prior to treatment (Fig. 3). Also, there was no morpho­
logical evidence that H. pylori could persist preferentially in the gastric pits after 
CBS treatment. 

Interestingly, of the patients not cleared of H. pylori by CBS, there was no 
clear evidence of suppression of the bacteria. However, there was more variation 
in H. pylori density scores before and after treatment in both treatment groups 
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Fig. 3a, b. H. pylori density scores before and after treatment with CBS (a; n = 22) and ranitidine 
(b; n = 31). Dashed line, patients cleared of H. pylori; solid line, patients not cleared of H. pylori 
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Table 1. H. pylori scores before and after treatment in patients who remained H. pylori positive 

No change (scores within ± 2) 
Number expected if bacterial density constant 
H. pylori score decreased by > 2 
H. pylori score increased by > 2 

CBS 
(n = 12) 

7 
10 
4 
1 

Ranitidine 
(n = 30) 

21 
24 
7 
3 

in patients who remained H. pylori positive than would have been expected 
from the 80% that was found when concurrent pairs of antral biopsies from the 
individual patients had been studied (Table 1). This suggests some fluctuation of 
H. pylori density with time. 

CLO Test after Treatment 

Of the 42 patients who remained H. pylori positive after treatment, 41 (98%) 
were positive by histology and 37 (88%) by CLO test. This reduced sensitivity of 
the CLO test after treatment occurred predominantly in patients with low 
H. pylori scores on post-treatment histology (Fig. 4). 
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Fig. 4a, b. H. pylori density score versus CLO test result in post-treatment biopsies in patients 
treated with CBS (a; n = 22) and ranitidine (b; n = 31) 
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Conclusions and Discussion 

1. Clearance of H. pylori was observed after 4 weeks of treatment in 10/22 
patients taking CBS and 1/31 taking ranitidine; ulcer healing was independ­
ent of H. pylori status and was achieved in 20/22 and 29/31 patients, 
respectively. 

2. There was a non-significant trend for patients with less active gastritis to be 
more often cleared of H. pylori by CBS. This was opposite to the effect 
observed by McNulty et al. [1] and suggests that the pre-treatment severity 
of gastritis is not important for the effectiveness of CBS (although it may be 
more relevant for antibiotics having a systemic mode of action). 

3. Clearance of H. pylori by CBS was not affected by the pre-treatment bacterial 
density, nor did H. pylori appear to persist in gastric pits after treatment. 
There was a tendency for bacterial density to fall in both groups during anti­
ulcer treatment - an effect also described by H ui et al. [3] in patients taking 
sucralfate using a 0-3 grading system for H. pylori. These authors also found 
a reduction in the activity of gastritis during duodenal ulcer healing, although 
this was not observed in our present study. 

4. The CLO test was unreliable in determining clearance if used within 1 week 
of treatment. This confirms previous reports [4] and is related to insensitivity 
of the urease test in patients with low bacterial loads. 
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Eradication of Helicobacter pylori: Summary 
of Workshop 

C. O'Morain 1 and G. Borsch 2 

Helicobacter pylori has been implicated in a wide spectrum of gastroduodenal 
diseases. These range from asymptomatic gastritis, non-ulcerative dyspepsia, 
gastric and duodenal ulcers to a tentative association with gastric cancer. It is 
important in analysing results of treatment studies to eradicate H. pylori that 
patients may have a variety of diagnoses. There have been some data to suggest 
that the strain of H. pylori associated·with duodenal ulcer may be more virulent 
than the strain associated with asymptomatic gastritis. This has been demon­
strated at a genomic level. In addition, cytotoxic enzymes that the bacteria 
produce, in particular phospholipase, are greater in patients with duodenal ulcer 
than in patients with gastritis. 

Bismuth Salts 

Colloidal bismuth subcitrate (CBS) has many properties which enable it to heal 
ulcers. These include an ability to coat the surface of an ulcer to form a 
protective layer allowing the underlying mucosa to heal, and it also enhances 
prostaglandin production, increases alkaline secretion and improves the quality 
of the mucous layer. More recently it has been shown to have anti-bacterial 
properties in vitro. There are many forms of bismuth salts. CBS is the most 
effective formulation in healing ulcers. Many studies show it to be as effective as 
H2 antagonists. The advantage of bismuth as treatment of duodenal ulcers 
compared to H2 antagonists is that the relapse rate is less in patients who have 
been followed up over a long period of time. The reason for this is probably its 
effect on eradicating H. pylori. 

CBS has advantages over other bismuth preparations in eradicating 
H. pylori. This includes its solubility which allows it to gain access to the 
bacteria buried deep in the gastric pits. It is not dependent on the level of pH for 
its activity. One of the drawbacks related to CBS is its systemic absorption. 
However, there is a transient rise in serum bismuth shortly after oral administra­
tion but this does not reach toxic levels. 

Different formulations of CBS have been developed in an effort to maximise 
its effect in eradicating H. pylori. It was originally available in liquid form, but 
this was found unpalatable by most patients. Chew tablets and, more recently, 
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swallow tablets have been introduced. There are preliminary studies using it in 
capsule form. There has been no significant difference between these different 
formulations in eradicating H. pylori. 

It is important when analysing results of eradication of H. pylori that 4 
weeks elapse before taking a biopsy for culture. This applies particularly to 
bismuth as it has a bacterostatic rather than a bactericidal effect. Culture of an 
antral biopsy is the gold standard for assessing eradication. However, non­
invasive methods using the 13 C-urea breath test show promise and may be more 
useful in long-term studies as these would avoid endoscopy. 13C is ~ stable 
isotope which is an advantage over the 14C-urea bre~th tests .. Ser.ology I~ useful 
in epidemiology studies but is of little value in assesslOg eradIcatlon, as It takes 
too long for antibody titres to fall. 

Combination Treatments 

Most studies show that bismuth salts can only eradicate H. pylori in 10%-30% 
of patients. Administering bismuth four times a day yields better eradication 
rates than giving it twice a day. The logical step to improve eradication would be 
to add antibiotics to the treatment. H. pylori is sensitive to a wide range of 
antibiotics in vitro. The pH level should be considered in choosing an appropri­
ate antibiotic as its activity may be pH dependent. The bacteria is ideally suited 
to its environment as it is buried deep in the gastric pits and protected from the 
acid environment ofthe stomach by the mucous layer. Different formulations of 
bismuth, such as dispersal capsules and liquid formulations, come into contact 
with the bacteria, increasing the efficiency in eradicating the organism. 

Treatment may be unsuccessful as H. pylori may be resistant to the anti­
biotics chosen. Metronidazole appears to be the most favoured drug and is used 
in combination therapy for eradication of H. pylori. Metronidazole is not 
dependent on the level of pH for its activity and is secreted into the gastric juices. 
Resistance to metronidazole may occur because the patient may have taken 
metronidazole previously and resistance can also develop during treatment. The 
resistance rates vary from country to country but, in general, appear to be higher 
in underdeveloped countries than in developed countries. Resistance to anti­
biotics is also encountered in tuberculosis treatment. H. pylori is also slow­
growing and has some similarities with tuberculosis in that it needs more than 
one drug to eradicate it. There are some side effects associated with metronida­
zole. These include a metallic taste and a sensory neuropathy if used for a long 
period of time, and it induces a feeling of nausea if taken with alcohol. 

Dual therapy with CBS and metronidazole or other antibiotics such as 
amoxycillin increases the eradication rates up to 70%. The optimal dosage and 
duration of treatment have not been established, but the longer antibiotics are 
taken and the greater the dosage, the more side effects are likely to occur. It may 
be best that patients take medication at the start of treatment as this improves 
compliance. Some regimens suggest taking the antibiotic 2 weeks after com­
mencing CBS but by then patients may be relatively asymptomatic and may 
neglect taking their medication. 
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Triple therapy using another antibiotic with metronidazole is the most 
effective treatment in eradicating H. pylori. This may prevent the development 
of resistance. However, using three drugs adds to the complexity and reduces 
compliance. There have been other regimens suggested, including quadruple 
regimens, but side effects are common on these. The most effective treatment has 
not been determined and it is suggested that sensitivity tests should be per­
formed before prescribing antibiotics. 

Omeprazole 

Omeprazole is currently the most effective therapy in the acute treatment of 
peptic ulcer. It inhibits gastric acid secretion by blocking the hydrogen pot­
assium adenosine triphosphatase enzyme (the proton pump). Omeprazole has 
been shown in vitro to have an inhibitory effect on the growth of H. pylori. It 
also has an effect in vivo on H. pylori as it temporarily suppresses H. pylori. 
However, if biopsies are taken 4 weeks after the patient discontinues omepra­
zole, H. pylori is still present. Omeprazole induces achlorhydria and in this 
environment H. pylori may be less biologically active as it does not need to 
secrete urease to keep its micro-environment alkaline. It has been postulated 
that urease may be cytotoxic by causing back diffusion of the hydrogen into the 
cell. The level of acid may allow other organisms to grow, thus suppressing 
H. pylori. Patients with duodenal ulcers treated with omeprazole also show 
improvement with the associated gastritis while on omeprazole treatment. This 
is not observed when patients are treated with H2 antagonists. H2 antagonists 
have no effect on H. pylori and do not suppress H. pylori. Omeprazole in its 
present formulation has an acid-resistant drug coating so it is not released into 
the stomach. It has to be absorbed into the small intestine and then acts on the 
parietal cells at a cellular level. It is possible that omeprazole in a different 
formulation could be active against H. pylori in vivo. 

At a higher dosage, omeprazole may be released into the stomach and may 
help to eradicate H. pylori. By inducing achlorhydria omeprazole may allow 
antibiotics that are dependent on pH for their activity to become more active. 
Achlorhydria may also allow other bacteria to proliferate and suppress the 
growth of H. pylori. 

Effect of Eradication 

The principal interest in the eradication of H. pylori is in its role in peptic ulcer 
disease. It has been confirmed by several studies that successful eradication of 
H. pylori results in a cure of the disease. It exerts its effect locally by increasing 
the pH as urease is secreted beneath the mucous layer in the antral mucosa. This 
gives a false message which stimulates gastrin secretion and acts on the parietal 
cell causing acid hypersecretion in the duodenum. This changes the environment 
which might result in gastric metaplasia. Gastric metaplasia in the duodenum 
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occurs in response to an injurious toxic environment. This gastric metaplasia in 
turn may be come by H. pylori from the antrum. H. pylori can release cytotoxic 
enzymes which damage the mucosa and give rise to ulceration in the duodenum. 
Patients who are infected with H. pylori have higher levels of gastrin and 
pepsinogen. Successful eradication of H. pylori results in normalising of gastrin 
levels and a fall in acid secretion. 

Conclusion 

Eradication of H. pylori is a major therapeutic challenge. The prize is enormous 
as eradication will result in a cure for peptic ulcer. H. pylori infection can 
stimulate gastrin and pepsin release which leads to acid hypersecretion. Gastrin 
is secreted into the circulation, binds the receptor site of the parietal cell and 
stimulates acid secretion. Acid hypersecretion leads to conditions in the duo­
denum in which gastric metaplasia may occur. H. pylori can colonise this 
ectopic tissue which can result in tissue damage and ulceration. 
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Treatment of Helicobacter pylori Infection: 
Challenges and Future Prospects 

I.M. Pajares 

From the practical point of view of the gastroenterologists and general practi­
tioners there are still some questions awaiting sastifactory and complete 
answers. Which patients to treat and what therapy to use are the most 
important for any physician. As far as the first question is concerned patients 
with duodenal ulcer are most likely to benefit from anti-Helicobacter pylori 
therapy, mainly in order to prevent the ulcer relapse. Nowdays, many data 
support the fact that the eradication of H. pylori prevents the recurrence of 
duodenal ulcer in almost 75% of the patients. 

In this regard, therapy to eradicate H. pylori will be a part of the therapy of 
H. pylori-positive patients with duodenal ulcer. However, it is unclear whether 
one should treat all patients or well-defined groups. At the same time, many 
patients become reinfected early and many develop resistance to the antibiotics. 
In the future, new data should be produced concerning the avoidance of 
resistance, the prevention of reinfection, the development of-new antibiotics with 
better specifity for killing H. pylori bacteria, and the identification of subgroups 
of peptic ulcer patients in whom anti-H. pylori therapy should be applied. It 
should also be mentioned that pathophysiology of the peptic ulcer in terms of 
gastric motility, gastric release, mucous secretion, prostaglandins and other 
protective factors of the gastric mucosa must be investigated in both patients 
and in model animals infected by H. pylori. 

Chronic gastritis is another H. pylori-associated pathology to be treated 
by eradication therapy. From the clinician's point of view, there are three con 
siderations: (a) the treatment of all patients with chronic gastritis; (b) the 
treatment of only the symptomatic patients; (c) considering the fact that 
histological lesions (i.e., intestinal metaplasia and dysplasia) of chronic gastritis 
are considered to be preneoplastic lesions, their treatment should prevent 
further progression to carcinoma of the stomach. Present data confirm that 
approximately one third of the symptomatic H. pylori-positive patients with 
chronic gastritis get relief from their symptoms with anti-H. pylori therapy. A 
correlation between H. pylori eradication and an improvement of gastric 
mucosa inflammation leading to a relief of subjective symptoms has been found 
in some while in others there is no correlation. 

Investigation to assess the pathophysiology of chronic gastritis has demon­
strated possible different mechanisms which produce symptoms. Therefore, not 
every patient with chronic gastritis should be treated in clinical practice. Future 
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clinical research must define quite clearly the clinical syndrome related to 
H. pylori infection of the gastric mucosa and the group of patients to be treated. 

The third aim is the treatment of H. pylori-positive patients with chronic 
gastritis to prevent the development of gastric carcinoma. In this regard many 
papers, most of them on epidemiology, seem to prove a positive correlation 
between the prevalence of infection and gastric carcinoma rates. If one accepts 
this fact, then, if the infection, is cured or prevented the cancer rates will 
decrease. Thus, future scientific work should be carried out to treat H. pylori­
positive patients with chronic gastritis to prevent the development of gastric 
carcinoma. However, owing to the long duration of the neoplastic process, the 
efficacy of the treatment should be evaluated on either the appearance or the 
amelioration of the intestinal metaplasia and dysplasia of the gastric mucosa, as 
regards both intermediate end-points and preneoplastic histological lesions. 

Another problem to solve is which therapy to choose. Many drugs and drug 
combinations have been tried; they are generally classified as mono-dual, and 
triple therapy regimens. Among them, triple therapy seems to be the most 
effective and reliable and the least expensive. Decisions regarding how often to 
re-evaluate the patients should also be made. Also, should we treat the relatives 
of H. pylori-positive patients to prevent re-infection? Many other questions of 
important clinical interest need appropriate answers and make this field very 
attractive not only for the gastroenterologist, but also for the pediatrician, 
general practitioner, and for the clinician in general. 
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