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The discovery and pathology of H pylori.
J. Robin Warren

Department of Pathology, Royal Perth Hospital, Perth, Australia

What are the early days? Many reports over the last 100 years described spiral bacteria in
the stomach. Most of them were dismissed as incorrect or one off and of no importance.
Freedburg saw several cases in 1940 and published a short article about them. Palmer in
1954 showed that no such bacteria existed. It has been standard medical teaching this
century that no bacteria grow in a normal stomach and ingested microorganisms are
rapidly killed by the acid environment. They grow in atrophic stomachs or in the
necrotic debris in an ulcer, probably a secondary infection and often a fungus.

Before the 1970’s gastric biopsies of good quality were unusual. Most stomachs we saw
were surgical or, worse still, postmortem specimens, with autolysed mucosa. Any
bacteria were long gone. The fine detail of the mucosa was rarely seen. Chronic gastritis
was difficult to see and of little apparent importance relative to ulcers or carcinomata. [
found the classification of gastritis used at the time of little practical significance. The
only types of apparent importance were the gross atrophic gastritis related to pernicious
anaemia, or some form of acute gastritis. Pernicious anaemia was one of the classics of
the medical school, but rarely seen in clinical practice. Most biopsies showed chronic
gastritis with variable partial atrophy, not considered clinically significant. This
suddenly changed for me in the decade of the 70’s.

The fibreoptic endoscope appeared and suddenly well-fixed fragments of tissue from the
gastrointestinal tract became some of the commonest biopsies seen. In 1972 these were
described and classified by Richard Whitehead. His classification appeared complex, but
it actually divided the biopsies in a logical way, using features often present and easy to
recognise and quantify, such as the position in the stomach, the depth, type (usually
chronic) and severity of inflammation, atrophy of the gastric glands and intestinal
metaplasia. Whitehead defined “activity”, a commonly seen feature which had
previously been ignored. This was based on specific changes in the superficial

epithelium and focal epithelial leucocvte infiltration. 1 found Whitehead's classification
easy to use and it gave consistent results.

In June 1979 the early days of Helicobacter pylori began for me. A biopsy showed
severe active chronic gastritis and [ saw an unusual blue line on the surface. With higher
magnification I thought I could see numerous small bacilli, closely adherent to the
epithelium. My colleagues did not agree until a Warthin Starry stain was very successtul.
and showed vast numbers of bacteria. Electron microscopy from the wax block was also
of excellent quality and clearly showed the bacteria, which closely resembled
Campylobacter. At last my immediate colleagues helieved thev were there. if of
questionable significance.

[ continued to examine all gastric biopsies for more of these bacteria, not really expecting
to find them. To my amazement they appeared quite often. Usually the organisms were
in smaller numbers or more patchy than the first case, but it soon became obvious that
they were closely related to the chronic gastritis seen on histology, and often to
Whitehead’s so-called “active” gastritis. With experience, I found them in almost half
our biopsies of the gastric antrum. By this stage they were being reported by everyone in

our laboratory, although I don’t think anyone really believed they were of any
Importance.



Most people suggested that the gastritis came first and the infection was just secondary. I
could not get any help from the clinicians. They biopsied patients to show lesions, such
as ulcers or tumours, so tissue came from anywhere in the stomach, usually related to
other inflamed lesions and definitely not intended to show the bacteria or their effects.
The idea of sending gastric biopsies for culture was ridiculous. The patients had to be
considered first and it had been known for 100 years that no bacteria grew in the

stomach. If they were really there or were of any importance, why had they not been

reported before? I found this very hard to answer. I cannot understand myself why I did
not see them. '

1 thought one useful investigation would be a negative control. How many of our old
gastric biopsies filed as normal showed the bacteria? This was harder than I expected,
because most of the so-called “normal” specimens were from the gastric body. These
often showed only mild changes, while accompanying specimens from the antrum
showed active gastritis with bacteria and were coded as such. I thought at first,
incorrectly, that the bacteria only affected the antrum. Our file did not separate parts of
the stomach, so it was difficult to find the cases in which the antrum had been coded
normal. [ eventually found 20 such cases. The bacteria were present in one of them,
which also showed moderately severe gastritis and the reporting pathologist agreed that it
had been incorrectly coded. Interesting, but hard for publishing! By this stage it
appeared that the bacteria were present in almost half of the antral biopsies, all of them
showing chronic gastritis, most with active changes, many with some degree of atrophy
and some with focal intestinal metaplasia. And never when the antral histology was
normal.

I was almost ready to publish my findings in 1981 when [ met Barry Marshall, who asked
to see my work. He was the gastroenterology registrar and was expected to publish a
paper. Dr Marshall did not like one suggested project, so someone told him to see “that
pathologist who was trying to make gastritis into a bacterial infection™. Barry did not
believe it, but was prepared to try a short series of special biopsies. I required a series of
biopsies from the gastric antrum. from apparently intact mucosa, unaffected by ulcers or
other macroscopic pathology. These confirmed to me that the gastritis and infection were

not just secondary to nearby ulcers. Barry became very enthusiastic and has devoted his
life to the bacteria ever since.

We set up a formal study of the next 100 patients referred for gastroscopy, with a
detailed clinical protocol and standard antral biopsies for histology and culture. The
results were unexpected. The bacteria and gastritis found on histology seemed almost
unrelated to most clinical and gastroscopic features. Bad breath and burping were the
only related symptoms. Most gastroscoped patients had epigastric pain, regardless of
what was found. Gastroscopic gastritis was not related to histological gastritis. The
bacteria resembled Campylobacter to me. so we cultured them as for Campylobacter.
but without the antibiotics used for faecal samples. Cultures were all negative until the
five day Easter weekend, after which a few more were positive. After completing the
study we found the incubator had been leaking and, when we repaired it, culture
became a very reliable diagnostic method. Finally, Barry reviewed the official

gastroscopy reports. To our surprise, every patient with duodenal ulcer had H pylori in
the stomach.

These findings were all very interesting, but they did not convince the clinicians. In 1983
I published a summary of my work as my letter in the Lancet, accompanied by Barry’s
letter describing our joint work. Then Barry reported our work to the Campylobacter



conference in Brussels and impressed Martin Skirrow, one of Britain’s leading authorities
on Campylobacter. This was a very lucky chance, because shortly afterwards we tried to
publish our definitive paper in the Lancet. The paper was held up for months, because
the editor could not get reviewers to believe it. This is the reward for publishing
something which is known to be impossible. Finally we contacted Martin Skirrow, who
got his laboratory to do a short series similar to ours and send the results to the Lancet.
Our paper was published unaltered two weeks later, in June 1984.

The rest of the early days of H pylori covered three areas; diagnosis, treatment and proof.
We investigated several methods of diagnosis, most of them suggested by Barry. These
included pre-treatment serology, the breath test and the CLOtest, as well as histology,
smears and culture. Treatment followed two main directions, the use of bismuth, which
Barry read about in an old copy of William Osler's Textbook of Medicine and thought,
correctly, might have worked by killing the bacteria, and the use of antibiotics such as
amoxycillin, tetracycline, erythromycin and tinidazole. For proof, both Barry and Dr
Arthur Morris in New Zealand used Koch’s postulates, with varying success. Barry
made himself very sick with acute gastritis and then cured himself easily. Dr Morris
went to the other extreme, and I still have numerous biopsies he sent me showing chronic
gastritis which he took years to cure.

Some of our first patients illustrate the different clinical groups involved. Non-steroidal
anti-inflammatory drugs may cause duodenal ulcer. This does not mean that H pylori is
not involved. A case in point is my wife, one of our first patients. She needed NSAIDs
for arthritis and promptly got gastric pain instead. Stopping the drugs brought back the
arthritis. And so on. So I sent her to Barry for investigation and treatment. The bacteria
were there, and treatment for them allowed the use of the anti-inflammatory drugs. Then
she noticed that I had bad breath, although I did not have any symptoms. I fitted into the
vast majority of infected people, most asymptomatic, and the question is, what to do
about them? This is a public health problem, being made worse because of the suggested
relation to neoplasm. [ took a course of treatment and my bad breath left.

We completed a double blind trial of antibacterial treatment for duodenal ulcer. The
patients received antibiotic or placebo therapy for A pylori and we treated all ulcers. This
successfully showed that ulcers recur with the bacteria. but rarely without. The study
clearly showed the effect of the bacteria on histological gastritis. Eradicate Helicobacter
and the active change immediately resolved. Other features disappeared more slowly and
often incompletely. Anatomical changes. such as atrophy. metaplasia and fibrosis,
showed little change. If Helicobacter remained, the gastritis was unchanged.

Since our studies, interest in Helicobacter has spread widely. Associated diseases
include neoplasm and cardiovascular disease. Numerous new species have been found
throughout the animal kingdom. The public health aspects are being seriously
considered, including sources of intection. vaccines and the possibility of treating all
infected individuals and eliminating the infection. Pharmaceutical companies spend large
amounts on improved treatments. “Helicobacter” is now a Journal and Helicobacter has

its own world congresses. It is one of the most widely published subjects of the last
decade.
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UNIDENTIFIED CURVED BACILLI ON GASTRIC
EPITHELIUM IN ACTIVE CHRONIC GASTRITIS

Str,—Gastric microbiology has been sadly neglected. Half the
satients coming to gastroscopy and biopsy show bacterial
zolonisation of their stomachs, a colonisation remarkable for the
constancy of both the bacteria involved and the associated
iistological changes. During the past three years | have observed

+ :mall curved and S-shaped bacilli in 135 gastric biopsy specimens,

Fhe bacteria were closely associated with the surface epithelium,
»oth within and between the gastric pits. Distribution was
‘ontinuous, patchy, or focal. They were difficult to see with
1aematoxylin and cosin stain, but stained well by the Warthin-
starry silver method (figure).

I have classified gastric biopsy findings according to the type of
nflammauion, regardless of other features, a5 ""no inflammation”,
‘chronic gastritis” (CG), or “active chronic gastritis" (ACG). CG
hows more small round cells than normal while ACG is
‘haracterised by an increase in polymorphonuciear neurrophil
c{xcoc_vtcs, besides the features of CG. It was unusual 10 find no
nflammation. CG usually showed superficial oedema of the
nucosa. The leucocytes in ACG were usually focal and superficial,
n and near the surface epithelium. In many cases they only
nfiltrated the necks of occasional gastric glands. The superficial
pithelium was often irregular, with reduced mucinogenesis and a
obblestone surface.

When there was no inflammation bacteria were rare, Bacteria
vere often found in CG, but were rarely numerous. The curved
acilli were almost alwavs present in ACG, often in large numbers
nd often growing between the cells of the surface epithelium
igure). The constant morphology of these bacteris and their
wimate relationship with the mucosal architeciure contrasted with
1¢ heterogeneous bacteria often seen in the surfzce debris. There
-as normally a laver of mucous secretion on the surface of the
weosa. When this laver was intacr, the debris was spread over it,
‘hile the curved bacilli were on the epithelium benesth, closely
oread over the surface (figure).

The curved bacilli and the associated histoiogical changes may be
resent in any part of the stomach, but they were seen most
ansistently in the gastric antrum, Inflammation. with no bacteria,
ccurred in mucosa near {ocal lesions such as carcinoma or peplic
lcer. In such cases, the leucocytes were spread through the full
ickness of the nearby mucosa. in comirier o the wupeseioin]
tiitration associated with the bactenia. Both the Sactena and th

pical histological changes were commonly found in mucosa
tafTected by the focal lesion.

The extraordinary features of these batiesis are that they are
most unknown to clinicians and patholog:sis alike, that they are
osely associated with granulocyte infiltrstion, 224 that they are
‘esent in about half of our routine gastric Eiopsy specimens in

imbers large enough 1o see on routine kistology. The only other

gamsm I have found actively growing ix: the omach is Candida,
metimes seenin the fioor of peptic ulcers. Thess macters were not
entioned in two major studies of gastrointeiinz microbiology
wsibly because of their unusual atmospheri reguirements and

w growth in culture (described by Dr B Marshz!l in the

u:!omp:n)'ing letter). They were mentiones i= pessing by Fung et

How the bacteria survive is uncerain. Thers w 3 pH gradicnt
ymacidin the gastric lumen to near neurrz! * mucesal vessels.
1e bacteria grow in close contact with the epihelum, presumably
ar the neurral end of this gradient, and zrs Frotecied by the
erlving mucus.

The identification and clinical significazzs of this bacierium
main unceriain. By light microscopy it resemaisg Cormasiobacrer

eni but cannot be classified by rererence 1o Beree

i
TS o

nual ef

Gray JDA. Shiner M. Infiuence of gastne pH on gasirzsns = =alfiora Gar 1967, 8:
$74-81

Drasar BS, Shiner M. McLeod GM. Studies on the 1azes-
of the gastrointestinal tract 1n healthy and achi
1969; 56: 71-79.

Fung WP, Papadimitziou JM. Mauz LR. Endoscopic. = W3 a8 whirastructural
carreiations 1n chromic gastrius. .4m J Gastroentere. 575, 71; 265-35

Sranil o Gaiiroemirolop

Curved bacilli on gastric epithelium.

Section is cut at acute angle 10 show bacteru on surface, forming network
between epithehal cells (Warthin-Starry silver stain; bar =10 um }

Determinative Bacieriology. The stomach must not be viewed as a
sterile organ with no permanent flora. Bacteria in numbers
sufTicient 1o see by light mucroscopy are closely associated with an
acuve form of gastritis, a cause of considerable morbidity (dvspeptic
disease). These organisms shouid be recognised and their
= =1

significance investigated.
Cepariment o! Patnowgg,,

Royal Perth Hosprial.

Perth. Western Austrahia 6001 J ROBIN WARREN

-

SiR,—The above description of S-shaped spiral bacteria in the
gastric antrum, by my colleague Dr ], R, Warren, raises the
following questions: why have they not been seen before; are they
pathogens or merely commensals ina damsged mucosa:and are they
campylobacters?

In 1938 Doenges! found *‘spirochaetes™ in 43% of 242 stomachs
at necropsy but drew no conclusions because sutolysis had rendered
most of the spectmens unsuitable for pathological diagnosis.
Freedburg and Barron® studied 33 partial gastrectomy spectmens
and found “spirochaetes’ in 37%, afier 2 long scarch. They
concluded that the bacteria colomsed the tissue near benign or
malignant ulcers as non-pathogenic opportumists. When Palmer?
examined 1140 gastric suction biopsy specimens he did nor use
silver stains, so, not surprisingly, he found “no structure which
could reasonably be considered 1o be of 2 sprrochaetal nature”, He
concluded thar the gastric "spirochactes™ were oral contaminants
which multiplied only in post mortem specimens or close to uleers.
Since that ume. the spiral bacteria have rarelv been mentioned,
except as cunosities,’ and the subiect was not reopened with the

I Doenges IL Spirochaetcs in the gastric gianas of Msiacus racsus and humans witnout
deninue history of related uiscase. Prw Sev Exs Meg 810! 1938, 38: 536~ 38

2. Freedburg AS, Barton LE The presence of spirocnacics in human gastzic mucosa Am
T Dig Dis 1940, 7: 443-45,

3. Paimer ED. Investigation of the Eastric spirochacies of the human? Gastroemierology
1954, 27: 218-20.

4. 110 S. Anaromic siructure of the gastric mucosa In: Heidel US. Cody CF, eds.
Handbook of phvsiology. sechion 6: Ahmentary canal. vol 11 Secrenon.
Washington, DC: American Phyuological Sociery, 1967: 705~41.
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Fig 1—Thin-secton micrographshowing spiral bacteria on surface of 2 mucous cell in gastric biopsy specimen. (Bar= 1 ym.)

advent of gastroscopic biopsy. Silver staining is not routine for
mucosal biopsy specimens, and the bacteria have been overlooked.
In other mammals spiral gastric bacteria are well known and are
thought to be commensals® (eg, Doenges' found them in all of forty-
three monkeys). They usually have more than two spirals and
inhabit the acid-secreting gastric fundus.® In cats they even occupv
; the canaliculi of the oxyntic cells sugr:csnr‘atolcrancc toacid.® The
animal bacteria do not cause any inflammartory response, and no
illness has ever been associated with them,
Investigation of gastric bacteria in man has been hampered by the
. false assumption that the bacteria were the same as those 1n animals
and would therefore be acid-tolerant inhabitants of the fundus.
Warren's bacteria are, however, shorter, with onlv one or rwo
. spirals and resemble campylobacters rather tha nsplrochac(es They
1live beneath the mucus of the gastric antrum well awav from the

'ﬁ 5. Lockard VG, Boler RK. Ulirastructure of: s znr‘ Skro-orgamusT 1n the gastric

mucoss of covs A T ber Ree 1970, 31:
6. Vial JDL Orrege K. Electon microscope oosen

\lulnplc polar Nagellac have terminal bulbs. (27 22+
pizszz

acid-secreting cells.

We have culrured the bacteria from antral biopsy specimens,
using  Campylobacter  isolation  techniques. They  are
microaerophilic and grow on moist chocolate agar at 37°C, showing
upin 3—-4 daysasafainttransparentlaver. They are about 0+ 5 umin
diamerer and 2-5 um in length, appearing as short spirals with one
or two wavelengths (fig ). The bacteria have smooth coats with up
w0 five sheathed fiagellae arising from one end (fig 2). In some cells,
including dividing forms, flagellae may be seen at both ends and in
ncganvc stain preparations they have bulbous tips, presumably an
artefact.’

These bacteria do not fit any known species either
morphologically or biochemically. Similar sheathed flagellae have
been described in vibrios’ but micro-zerophilic vibrios have now

7, Glauert AM. Kerridge D, Horne RW', The finc structure and mode of artachment of the
sheathed flacelium of 1Mibrio metcamaern 7 Cell Brol 1663; 18: 32736,
& Shewan JML \:m" M Genus ) \A'rno In Ruchznan RE. Gibbons NE. eds E\c £ey’s

Fig 2—Negative stain micrograph of dividing bacterium from broth culture.

ngstate, pH 6-6; bar =1 um,) Inset: detail show ing sheathbed fiagellum and basal disc associated with
-{3% ammonium molybdate, pH 6-5; bar = 100 nm. )
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n transferred to the family Spirillaceae genus Campyiobacrer,®
mpylobacters however, have *“a single polar flagellum at one or
h ends of the cell” and the campylobacter flagellum is
sheathed.® Warren’s bacteria may be of the genus Spiniltum,

The pathogenicity of these bacteria remains unproven but their
ociation with polymorphonuclear infiltration in the human
rum is highly suspicious. If these bacteria are truly associated
hantral gastritis, as described by Warren, they may have a part to
y in other poorly understood, gastritis associated diseases (e,
stic ulcer and gastric cancer).

thank Miss Helen Royce for microbiological assistance, DrJ. A. Armsirong
clectronmic-orcopy, and Dr Warren for permission to use fig 1.
artment of Gastroenterology,

3l Perth Hospiral,
h. Western Australia 6001 BARRY MARSHALL

VASODILATOR PROSTANOIDS AND ACTH-
DEPENDENT HYPERTENSION

IR,—Dr Axelrod (April 23, p 904) proposes that the permissive
zct of glucocorticoids on vascular tone is mediated via inhibition
prostacyclin production and that this may contribute 10 the
pertension of Cushing’s syndrome. We became interested in this
sibility following the suggestion by Rascher at al' that
cocorticoids may produce hypertension as a result of inhibition
phospholipase A, and a subsequent reduction in “vasodilator”
istaglandin synthesis. The demonstration by Weeks and Sutter?
U prostacyclin  (epoprostenol) infusion attenuated the
relopment of DOCA (desoxycortone) induced hypertension in
rat was also relevant. We have reviewed the evidence for such a
dothesis in relation to steroid and corticotropin (ACTH)
sendent hypertension.? Our own studies have been concerned
h the mechanism of ACTH induced hypertension in sheep, a
m of experimental hypertension and features of glucocorticoid
I mineralocorticoid excess but in which these wo classes of
. enocortical steroid activity do not appear to account for more
i n about half of the hypertension.’ On the basis of detajled
‘eriments in conscious sheep we concluced (hat zlthough
isodilator” prostanoids such as prosiacyciin appear to modulate
ACTH induced rises in blood pressure they did not play a
mary role in the development of the hypertension.
Jdthough in sheep,® as in other species, indomethacin enhances
oconstrictor responses 1o angiotensin 1L ACTH treatment does
alter pressor responsiveness to either zngiotensin 11,
adrenaline, or arginine-vasopressin.®™ Also, indomethacin
nglkg daily for 3 davs) had no cffect on biood pressure in
motensive sheep.® Funther, pretreatment of sheo for 24 h with
stacyclin at a dose which lowered total periphers| resistance but
blood pressure did not aiter the blood pressur response (o

Pead PJ. Eleciron microscopy of Campviobacter perunt J Mes Migopio! 1979; 12:
383-65.

-ascher W, Dietz R, Schomug A, et al. Modulauion of srmoathetc vascular tone by
prostaglandins in corucosterone-induced hypenension s 13 Chn S 1979, 57:
2355=37s.

vecks JR, Sutter DM. Ar antihypertensive effect of prosryis New York Raven
Press. 1979, 253-57.

cogpins BA, Coghlan [P, Denon DA, Mason BT, Whirwers JA A seview of
mectaniums involved in the producuon of steroug INSSITI mvperiemiion weth
paruculas tefesence 10 ACTH dependent hypertenuon iz Maztere FBupy
Ecuirds CRW!, ets. Endocninology of hyperieanion Lonzs=
1982: 4167

eniby DS, Coghlan JP. Denton DA, et al. In vivo moc:?,
pressor responsiveness in sneep by indomethacin. Ciin £
8: 33-37,

‘c¢Dougall JG, Barnes AM, Coghlan JP, et al. The effecy o cocorrophiz (ACTH)

; admimsiration on the pressor action of angiotensin 11, porac: 22 ine and rvraming

‘m sheep. Chin Exp Pharmacol Phvsiol 1978, 5: 449-55.

:ason RT. Coghtan JP, Denton DA. Do prostaglandias P 1 rag w0 moduaiing the
hazmodynamic efects of ACTH admunisiration? Proc £ ncommine Soc Awit 19615 24:
i

oghilan JP, Denton DA, Graham W'F, ¢t al. Effect of ACTH #=:Tistration ot the

hacmodynamic response 1o arginine-vasopressio o Wty (Tia Expr Pazrmacol
f Physiol 1980; 7: 559-62.

o of angiotensin 1)
A=z PRyl 196 );
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UNIDENTIFIED CURVED BACILLI IN THE
STOMACH OF PATIENTS WITH GASTRITIS
AND PEPTIC ULCERATION*

BARRY J. MARSHALL J. ROBIN WARREN

Departments of Gastroenterology and Pathology,

Royal Perth Hospital, Perth, Western Australia
tmmary Biopsy specimens were taken from intact
arcas of antral mucosa in 100 consecurive
nsenting patients presenting for gastroscopy. Spiral or
rved bacilli were demonstrated in specimens from 58
tients. Bacilli cultured from 11 of these biopsies were gram-
zative, flagellate, and microaerophilic and appeared to be a
w species related to the genus Campylobacter. The bacteria
re present in almost all patients with active chronic
stritis, duodenal ulcer, or gastric ulcer and thus may be an
portant factor in the aetiology of these diseases.

Introduction

JASTRIC spiral bacteria have been repeatedly observed,
rorted, and then forgotten for art least 45 years.'™ In 1940
‘edburg and Barron stated that “spirochaetes” could be
nd in up to 37% of gastrectomy specimens,’ but
‘mination of gastric suction biopsy material failed to
firm these findings.”> The advent of fibreoptic biopsy
hniques permitted biopsy of the antrum, and in 1975 Steer
I Colin-Jones observed gram-negative bacilli in 80% of
lents with gastric ulcer.5 The curved bacilli they
strated were said to be Psendomonas, possibly a
taminant, and the bacteria were once more forgotten. The
eated demonstration of these bacteria in inflamed gastric
ral mucosa’ prompted us to do a pilot study in twenty
ients. Typical curved bacilli were present in over half the
psy specimens and the number of bacteria was closely
ted to the severity of the gastritis. The present study was
igned to confirm the association between antral gastritis

the bacteria, to discover associated gastrointestinal
‘ases, to culture and identify the bacteria, and to find
ors predisposing to infection.

<d on paper read at Second International Workshop on Campylobacter
.tions (Brussels, 1983).

Patients and Methods
Patients

All patients referred for gastroscopy on clinical grounds were
eligible for the study which continued until there were 100
participants who gave informed consent and in whom biopsy was
considered to be safe. The study was approved by our hospital’s
human rights committec.

Questionnaire

Where possible patients completed a clinical questionnaire
designed to detect a source of infection or show any relationship
with“known" causes of gastritis or Campiiotacrer infect ton, rather
than give a detailed account of each patient’s history. The emphasis
was on animal contact, travel, diet, dental hygiene, and drugs, rather
than svmptoms.

Endoscopy

The gastroscapies were done by colleaaues at the Royal Perth

Hoopiral, Participanse foered S

STivIu

ar leass LRCLLINI AR
Olympus GIF-K fibreoptic gastroduodenoscope was used. Routine
biopsies were done when indicated. For the study two extra
specimens were taken from an area of intact antral mucosa, at a
distance from any focal lesion such as an antral ulcer. When the
mucosa appeared inflamed the specimens were taken from a red
ared, otherwise any part of the antrum was used, One biopsy was
immediately fixed in phosphate-buffered formalin for histological
examination, the other was placed in chilled anacrobic transport
medium and taken to the microbiology laboratory within 1 h. In g
few cases an extra- specimen was taken for ultrastructural
examination.

The gastroenterologist dictated his report soon after the
endoscopy. We had not planned to 2nalyse these reports so a
standard terminology was not used and no special attention was paid
to minor endoscopic lesions. Findings of doubtful clinical
significance, such as mild endoscopic gastritis or duodenogastric
bile reflux, may thus have been under-reported. (Hereafter the term
“gastritis” refers 1o a histological grade of chonic gastritis unless
stated otherwise.) Before we analysed the data, the endoscopy
reports were coded for the major diagnoses.

Histopathology

Sections were stained with haematoxylin and cosin (H & E) and
graded for gastritis (by J. R. W.) as 0 (normal), inflammatory cells
rarely seen; 1 (normal), lymphoid cells present but within normal
limits and with no other evidence of inflammation (sce below); 2
(chronic), chronic gastritis; or 3 (active), active chronic gastritis.

8390 © The Lancert Lid, 1954
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Gradings were based solely on the type of inflammatory cells.
Other types of mucosal change, such as gland atrophy or intestinal
metaplasia, were noted separately, but were not used as evidence of
inflammation. “Chronic gastritis” indicated inflammation with no
increase in polymorphonuclear leucocytes (PMNs). There were
either increased numbers of lymphoid cells or normal cell numbers
with other evidence of inflammation such as oedema, congestion, or
cell damage. The term “active' was used to indicate an increase in
PMNs.® The gastritis was considered active if a few PMNs
infiltrated one gland neck or pit, if occasional PMNs were scattered
throughout the superficial epithelium, or if there was an obvious
increase in PMNs in the lamina propria.

Later, sections stained with Warthin-Starry silver stain were -

examined for small curved bacilli on the surface epithelium.
Numbers of bacteria were graded as 0, no characteristic bacteria; 1,
occasional spiral bacteria found after searching; 2, scattered bacteria
in most high-power fields or occasional groups of numerous
bacteria; or 3, numerous bacteria in most high-power fields.

Microbiology

Tissue smears were Gram stained and examined for curved bacilli
resembling Campylobacter. The remaining tissue was minced,
plated on non-selective blood and chocolate agar, and cultured at
37°C under microaerophilic conditions as used for Campylobacter
isolation.® At first plates were discarded after 2 days but when the

first positive plate was noted after it had been left in the incubator
for 6 days during the Easter holiday, cultures were done for 4 days.

Analysis of Results

Questionnaires, gastroscopy reports, and histopathology and
microbiology results were coded independently in separate
departments. Complete results for individual patients were not
known until the statisticiun had received all the data. The findings
were tested for positive correlation with the presence of either
bacreria or gastritis, by the chi-squared method. Fisher's exact test
of significance was used for all the 2 X 2 tables in this paper.

Results

In 12 weeks 184 patients were examined by the
gastroenterology unit. Of the 84 patients excluded, 5 refused
consent, 4 had contraindications to biopsy, and 75 patients,
mostly unbooked cases, could not be invired to participate.
These patients closely matched the study group for age, sex,
and incidence of peptic ulcers (table 1).

Questionnarres

99 patients completed the questionnaires. The only
symptom which correlated with gastritis or bacteria was
“burping” which was more common in patients with bacteria
(p=0-03) or gastritis (p=0-007). This association remained
when patients with peptic ulcer were excluded. None of the
other questionnaire responses showed any relationship to the
presence of gastric bacteria or gastritis.

Endoscopy

There was a very close correlation between both gastric
ulcer and duodenal ulcer and the presence of the bacteria

(table 11). Most patients with peptic ulcer also had gastrits
(29/31; p=0-0002). :

TABLE I-COMPARISON OF PARTICIPANTS WITH EXCLUDED PATIENTS

THELANCET,JUNE 16, 1984

TABLE I[-ASSOCIATION OF BACTERIA WITH ENDOSCOPIC DIAGNOSES

Endoscopic With

appearance* Total bacteria P
Gastric ulcer 22 18 (77%) 0-0086
Duodenal ulcer 13 13 (100%) 0:00044
All ulcers i 31 27 (87%) 0-00005
Ocsophagus abnormal 34 14 (41 %) 0-996
Gastritist 42 23 (55%) 0-78
Duodenitist 17 9 (53%) 0-77
Bile in stomach 12 7 (58%) 0-62
Normal 16 8 (50%) 0-84
Total 100 58 (38%)

*More than one description applies to several patients (eg, 4 patients had both
gastric and duodenal ulcers).
T Refers to endoscopic appearance, not histological inflammation.

TABLE IlII-HISTOLOGICAL GRADING OF GASTRITIS AND BACTERIA

: Bacterial grade

Gastritis Nil 1+ 12+ 3+ Toual
Normal* 29 2 0 0 31
Chronic 124 9 7 1 29
Active 2 3 15 18 10
Total 43 16 22 19 100

* Gastritis grades 0 and | normal.
T1 case showed bacteria on gram stained smear

TABLE [V-RELATION BETWEEN GASTRITIS AND BACTERIA IN
PATIENTS WITHOUT PEPTIC ULCER

Study group
(n=100)

Exclusions
(n=284)

Mean age (range)

55 (20-88) yr

57 (18-88) yr

Males 63 (63%) 55 (65%)
Fernales 37 (37%) 29 (35%)
Gastric ulcer 22 (22%) 19 (23%)
Duodenal ulcer 13 (13%) 8 (10%)

Bacteria
Gastritis i No Yes Toral
Normal 28 1 25
Chronic 8 12 20
Active 2 18 20
Toual ; 38 31 69
Hiswopathology

Gastritis could usually be graded with confidence at low
magnification. There was some difficulty with about 25 cases
where the changes were mild or the specimens were small,
superficial, or distorted. To ensure thar gradings were
reliable, single H & E sections from the last 40 cases were
examined “blind” by another pathologist who agreed with
the presence or absence of gastritis in 36 cases (90%), and gave
an identical grading in 32.

Gradings for bacteria by silver staining were more
straightforward. The bacteria stained well and were easily
differentiated from contaminant bacteria or debris. Silver
staining was the most sensitive method of detecting the spiral
bacteria. Silver stained sections and Gram stined smears
were both done in 96 cases and spiral bacteria were seen in 36
of them; 32 with both stains, 23 with silver alone, and 1 case
with the Gram stain alone.

The correlation between gastritis and bacreria, defined by
Gram and’or by silver staining, was remarkable (table 1),
Gastritis was presentin 53/57 biopsy specimens with bacteria
(p=2%107"). When the 3! patients with pepric ulcer were
excluded, the correlation persisted, implying that the
presence of bacteria was not secondary to an ulcer crater (table
V).

Microbiology

Specimens for culture were received from 96 patients and
11 were culture positive, all being seen with Gram and silver
staining also. No spiral bacteria were grown from the first 34
cases, probably because the cultures were discarded too soon.
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Electron micrograph from a mucosal biopsy with active chronic gastritis,

Upper: many proliles ol sectivned pyloric campylobacterare located on the luminal aspect of mucus-
seereting epithelial cells; plassia membranes are intact, but indented and almost devoid of microvilly

{bar=1 pmj.

Lower: at higher magnitication groups of trunsversely and longitudically cut sheathed flagelta are

visible (arrows; bar= 100 nns).

The bacteria were S-shaped or curved gram-negative rods,
3 ymXx0-5 ym, with up to 1% wavelengths. In electron
micrographs they had smooth coats and there were usually
four sheathed flagella arising from one end of the cell. They
grew best in @ microaerophilic atmosphere at 37°C; a
campylobacter gas generating kit was sufficient (Oxoid
BR56). Moist chocolate or blood agar was the preferred
medium. Growth was evident in 3 days as | mm diameter
non-pigmented colonies. In artificial media the bacteria were
usually larger and less curved than those seen on Gram stains
of fresh tissue. They formed coccoid bodies in old cultures.
The bacteria were oxidase +, caralase +, H,S +, indole —,
urease ~, nitrate —, and did not ferment glucose. They were
sensitive 1o tetracvcline, erythromycin, kanamycin,
sentamicin and penicillin, and resistant to nalidixic acid.
DNA base analysis gave a guanine+ cytosine content of 36
mol%, a value in the range for campylobacters.

Sources of Bias

- The patient sample was from a defined population with
zastric symptoms expected to have some gastroenterological
ibnormality. The biopsy tissue studied was from apparently
ntact mucosa—ie, not the sort of specimen g pathologist
asually sees. We attempred to limit bias by making the study
'onsecutive and blind, and were partly successful. The study
vas not strictly consecutive since 84 patients had to be
xcluded. However, gastroscopy reports and laboratory
nvestigations were completed serially and  usually
ndependently (“blind™) except that clinically relevant

material was sent (0 J. R. W) with study biopsies, mainly
from cases of gastric ulcer. However, an independent blind
assessment of gastritis in 40 cases matched the study results

well.
Discussion

The spiral bacteria of the human gastric antrum have never
been cultured before, and their association with active
chronic gastritis has not been described. They are a new
species closely resembling campylobacters morphologically
and in respect of atmospheric requirements and DNA base
composition, but their flagellar morphology is not that of the
genus  Campylobacier.’ Campylobacters have a single
unsheathed flagellum at one or both ends of the cell whereuas
the new organism has four sheathed flagella at one end.”" If
itis premarure (o ralk of “Campylobacter pyloridis™! perhaps
the name “pyloric campylobacter” will do to define the site
where these organisms are commonly found and to indicate
the similarity to known Campylobacter spp.

There was no well-defined clinical syndrome associated
with  pyloric campylobacter. Only “burping” was
significantly associated. Others have described this symptom
in patients with non-ulcer dyspepsia and PMN infiltration of
the antrum is also common in such patients.'*!* We expected
abdominal pain to correlate with pyloric campylobacter or
gastritis, but it did not, Perhaps, since most patients
undergoing gastroscopy have pain (75% in our study) the
question “Do you have abdominal pain—yes or no?"" was (oo
general.

1O



1314

Much of the questionnaire was designed to select likely
sources or causes of pyloric campylobacter infection. For
example, bacteria might have colonised patients who already
had gastritis and were taking antacids, milk, or cimetidine,
thus impairing their “gastric acid barrier” and predisposing
them to infection." Animal contact and carious teeth were
also considered as sources of infection. Campylobacters are
commensals of domestic and farm animals (C cofi, C jejuni),
and they also inhabit the human mouth (C sputorum ss
sputorum).”® We found no evidence that any of these factors
predisposed to the infection.

The absence of a relation between “known causes” of
gastritis and the presence of histological gastritis has been
noted by others. For example, analgesic abusers often have no
gastritis, even when a gastric ulcer is present;'S alcohol
consumption is not clearly related to gastritis;'? the quantity
ofbile in the stomach (duodenogastric reflux) is not obviously
related to the state of gastric mucosa;'® autoimmune disease is
an unlikely cause, since gastric autoantibodies are uncommon
except in pernicious anaemia, where the main histological
changes are in the body of the stomach, not the antrum.!®
Gastric ulcer seems an unlikely primary cause of antral
gastritis because the gastritis remains after successful
treatment of the ulcer with cimetidine or carbenoxolone, and
gastritis is just as common in patients with duodenal ulcer as
with gastric ulcer.**®"# Thus, the aetiology of chronic
gastritis remains uncertain.

We have found a close association berween pyloric
campylobacter and antral gastritis. When PMN infiltrated
the mucosa the bacteria were almost always present (38/40).
In the absence of inflammation they were rare (2131),
suggesting that they are not commensals. The bacteria were
not cultured unless the patient had histological evidence of
both gastritis and pyloric campylobacter. We know of no
other disease state where, in the absence of complicating
factors such as ulceration (table IV), bacteria and PMNs are so
intimately related withour the bacteria being pathogenic.

How does pyloric campylobacter survive? The bacteria
were usually in close contact with the mucosa, often in
grooves between cells, within acinus-like infoldings of the
epithelium or within the mucosal pits (figure). The surface
mucus coating was superficial to the bacteria and any foreign
material or organisms from the oral flora were present above
the mucus, rarely mixed with it, and not beneathit: the mucus
appeared to form a stable layer over the spiral bacteria. The
antrum secretes mainly mucus, and the deeper levels of the
surface mucus coating are slightly alkaline.** Thus pvyloric
campylobacter grows in a near-neutral environment, in close
contact with the mucosa and protected from the bactericidal
gastric juice. The absence of these bacteria from past reports
of gastric microbiology may be because only gastric juice was
cultured.** Even salmonellae cannot survive the low
intragastric pH for more than a few minutes." Where gastric
biopsy material has been cultured,**™ microaerophilic
techniques were not used and pvloric campvlobacrer did not
grow.

Peptic ulcer was the only endoscopic finding associated
with histological gastritis and pyloric campylobacter. This
was surprising since the bacteria were not prominent on
gastric ulcer borders and in duodenal ulcer no correlation
would be expected. Perhaps the mucus coating is deficient or
unstable near ulcer borders, thus allowing damage to the
bacteria as well as the mucosa. Within a few millimetres of an
ulcer, both pyloric campylobacter and gastritis were usually
present. Other studies have shown continuing gastritis after
ulcer healing with cimetidine and we have observed the
persistence of pyloric campylobacter colonisation in such

THELANCET,JUNE 16,1984

patients. The failure of the H, receptor antagonists to prevent
ulcer relapse is attributed to an underlying ulcer diathesis
which is unaffected by therapy. A bacterial aetiology, with
continuing gastritis, could be the explanation. The diathesis
may be a myth. Of ulcer-healing agents the only one
thought to improve relapse rates is tripotassium dicitrato-
bismuthate.” This compound is bactericidal to pyloric
campylobacter and in patients treated with it the gastritis
improved and the bacteria disappeared.?®

The aetiology of peptic ulceration is unknown bur until
now a bacterial cause has not really been considered. We have
found colonisation of the gastric antrum with pyloric
campylobacter in over half of a series of cases at routine
endoscopy. The bacteria were present almost exclusively in
patients with chronic antral gastritis and were also common
in those with peptic ulceration of the stomach or duodenum.
Atthough cause-and-effect cannot be proved in a study of this
kind, we believe that pyloric campylobacter is aetiologically
related to chronic antral gastritis and, probably, to peptic
ulceration also.

We thank Dr T. E. Waters, Dr C. R. Sanderson, and the gastroenterology
unit staff for the biopsies, Miss Helen Rovce and Dr D. I. Annear for the
microbiological studies, Mr Peter Rogers and Dr L. Sly for supplyving the G &
C dara, Dr J. A. Armstrong for the electron microscopy, Dr R. Glancy for
reviewing slides, Aiss Joan Bot for the silver stains. Mrs Rose Rendellof Rajne
Medical Statistics Unit UWA, and Ms Maureen Humphries, secretary, and,
for travel support, Fremartle Hospital.
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Evaluation of cultural techniques for isolating
Campylobacter pyloridis from endoscopic biopsies of
gastric mucosa

CS GOODWIN,* ED BLINCOW,* JR WARREN,T TE WATERS,t CR SANDERSON %
L EASTON¢

From the Departments of *Microbiology, TPathology, and $Gastroenterology, Royal Perth Hospital, Perth,
Western Australia

suMMARY One hundred and three gastroscopic biopsies from 80 patients were cultured for
Campylobacter pyloridis and studied histologically. Active chronic gastritis, as shown by the
presence of polymorphonuclear leucocytes, was diagnosed in 51 biopsies and C pyloridis was
found in 47. Sixteen gastric biopsies showed normal histology (no inflammation); C pyloridis was
detected in only one of these, and a second biopsy taken from this patient at the same time
showed active gastritis. Biopsies could be kept at 4°C for five hours without loss of viability of C
pyloridis. An inoculum made by grinding the biopsy in a ground glass grinder consistently gave a
much heavier growth of C pyloridis than one made by mincing the specimen. The campylobacter
supplement ferrous sulphate, sodium metabisulphite, sodium pyruvate (FBP) (Oxoid) was in-
hibitory for some isolates; the inhibitory component was found to be sodium metabisulphite.
Contaminants, but not C pyloridis, were inhibited by the incorporation of vancomycin 6 mg/l,
nalidixic acid 20 mg/1, and amphotericin 2 mg/1, but higher concentrations inhibited C pyloridis.
Undried plates kept in a plastic container at room temperature for up to two weeks were as

satisfactory as freshly poured plates for the isolation of C pyloridis.

Spiral bacteria were cultured from endoscopic biop-
sies of gastric antral mucosa at this hospital during
1982.' The name Campylobacter pyloridis has been
proposed for these bacteria,’ which may be impor-
tant in the aetiology of gastritis and peptic ulcer.
During the study spiral bactenia were seen histologi-
cally in 58 of 100 biopsies but were cuitured from
only 11.In 1984 McNulty and Watson, working in a
specialist laboratory, reported the presence of spiral
bacteria in great abundance in Gram stained mater-
ial from endoscopic biopsies. They were, however,
“struck by the paucity of colonies that appeared on
the culture plates.” Since 1982 we have improved
our culture techniques, and colony densities now
closely match the number of bacteria seen on mic-
roscopy. This study was carried out in 1984 to
evaluate a range of culture techniques for isolating C
pyloridis from endoscopic biopsies.

Material and methods

All patients referred to the gastroenterological unit

Accepted for publication 1 June 1985

at this hospital and from whom an endoscopic
biopsy had been taken from the upper gastrointesti-
nal tract were eligible for the study. Between March
and August 1984, 103 matching pairs of biopsies
were obtained for culture and histology were
obtained from 80 patients. The group comprised 41
men aged 26-90 (mean 59) and 39 women aged
23-85 (mean 62). Ninety pairs of biopsies were
obtained from the stomach, 81 from the antrum and
nine from the body. In addition. eight biopsies were
taken from the oesophagus and five from the
duodenum. In the antrum the biopsies were taken at
a distance from any focal lesion such as a peptic
ulcer.

The birst 19 specimens for microbiological culture
were transported to the laboratory in 2 ml 1sotonic
saline. Assuch fluid could have caused dissolution of
the mucus layer under which the bacteria are in
close contact with the mucosa, with subsequent loss
of the bacteria into the fluid, a small amount of
hypotonic fluid (-5 ml of 20% glucose) was used as
the transport medium for the remaining specimens.
The biopsies were kept at 4°C until they were inocu-
lated on to solid media. The time until inoculation
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was recorded. Ten biopsies were divided, and one
part was immediately processed for culture while the
other part was kept at 4°C for varying lengths of
time to determine the effect of delay on the isolation
of C pyloridis.

PREPARATION OF GRAM STAIN AND INOCULUM
A portion of each biopsy was used to make a smear
which was subsequently stained by Gram's method.
The remainder was cultured. The first 31 specimens
were minced with two sterile knives to prepare the
inoculum. The other specimens were ground in 0-3
ml 20% glucose with a ground glass grinder. Three
drops of suspension were obtained, and one drop
was used as the inoculum. To determine which
method yielded the largest number of colonies 10
specimens were divided; one half was processed by
mincing and the other half by grinding, with inocula-
tion on to brain-heart infusion agar with 10% horse
serum, 0-25% yeast extract, and 0-4% tetrazolium
chloride to visualise the colony densities.

COMPOSITION OF SOLID MEDIA

Before this study we had found that abundant
growth of C pyloridis was obtained on freshly
poured brain-heart infusion agar base (Oxoid) con-
taining 7% horse blood and Isovitalex 1% (BBL
Microbiology systems), with vancomycin 3 mg/l and
nalidixic acid 10 mg/l. All specimens were inocu-
lated on to this standard medium. Various other
media were inoculated in parallel to answer the fol-
lowing questions concerning primary isolation of C
pyloridis: must the medium be fresh: is lysed blood
better than whole blood; is Campylobacter FBP
{Oxoid) supplement useful; and what are the best
concentrations of inhibitory antibiotics? Plates kept
at room temperature in a closed plastic box for six to
19 days were used for 36 specimens. Lysed blood
medium was used for 30 specimens and whole blood
with FBP supplement for a further 20 specimens;
when failures occurred the individual components of
FBP were tested to find which inhibited C pyloridis.
Medium without antibiotics was inoculated in paral-
lel, and. in addition, higher concentrations of anti-
biotics were used in various media.

INCUBATION ATMOSPHERES

One plate from each specimen was incubated in a
“preferred” atmosphere obtained by evacuation of
an anaerobic jar to 220 mm Hg and replacement
with an anaerobic gas mixture ( 10% carbon dioxide.
10% hydrogen. and 80% nitrogen) giving an atmos-
phere of 5% oxygen, 7% carbon dioxide, 8% hyd-
rogen, and 807% nitrogen. Two other atmospheres
were tested in parallel: a standard campvlobacter
gas mixture (8% carbon dioxide, 7% oxygen, and

20

Goodwin, Blincow, Warren, Waters, Sanderson, Easton

85% nitrogen) for 46 specimens and a carbon diox-
ide incubator (7% carbon dioxide, 20% oxygen, and
73% nitrogen) for 33 specimens; water was placed
in the bottom shelf, giving a humidity of 98% when
measured by a Vaisala machine. We had previousi-
determined that C pyloridis failed to grow in
another carbon dioxide incubator with similar per-
centages of carbon dioxide and oxygen, but with a
humidity between 94 and 98%, suggesting that for
primary isolation C pyloridis required a constant
atmosphere of at least 98 % humidity. Sections were
stained with haematoxylin and eosin and Warthin-
Starry stain for spiral bacteria and were graded for
gastritis as described by Marshall and Warren
Gradings were based on the type of inflammatory
cells present. Grades 0 and 1 signified normal.
Grade 2, or **chronic gastritis,” indicated inflamma-
tion with no increase in polymorphonuclear leuco-
cytes. Grade 3, or “‘active gastritis,”” was used to indi-
cate an increase in polymorphonuclear leucocytes.
usually an intraepithelial infiltration

Results

DISTRIBUTION OF C PYLORIDIS IN THE GASTRIC
MUCOSA

Most histological sections showed an uneven dis-
tribution of bactena, often quite patchy. From 21
patients in whom bacteria were found, two or more
biopsies had been taken from the stomach: 13
patients (62%) showed a different concentratio: f
spiral bacteria on the two specimens, and in twv
cases the bacteria were not seen on one or more
specimens. One of these patients showed chronic
gastritis with gross atrophy and intestinal metaplasia
in two biopsies, although no bacteria were seen, but
a third biopsy, taken from an area adjacent to a
gastric ulcer, showed active gastritis, no metaplasia.
and numerous spiral bacilli. The second patient
showed normal antral mucosa with occasional i .-
teria. Three gastric polyps from this patient wcre
also biopsied; all showed active gastritis, although
bacteria were not seen on two but were numerous
on the third. Biopsies for histology and culture were
taken as matching pairs, yet in 11 cases C pyloridis
was found in only one of the pair, possibly due to the
irregular distribution.

C pyloridis was cultured from 48 of the 103 b-p-
sies, and in another six specimens spiral bac i
were seen with the Gram stain but not on cultuic.
Spiral bacteria were seen in 33 biopsies, and in
another five biopsies C pyloridis was either seen in
the Gram stain or grew on culture. There was no
significant difference between the density of growth
obtained from immediate or delayed culture after
biopsies had been stored at 4°C for up to five hours.
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There was a remarkable correlation between
active chronic gastritis and the presence of spiral
bacteria. These bacteria were found, either histolog-
ically or microbiologically, in 60 of 103 biopsies (44
of 80 patients): in 47 of 51 biopsies showing active
chronic gastritis; eight of 23 showing chronic gas-
tritis; one of 16 with “normal” mucosa: and four of
13 duodenal or oesophageal biopsies, all four of
which showed pgastric metaplasia and active
inflammation. The negativity of the four biopsies
from patients with active gastritis may have been
related to the use of cimetidine. Nine biopsies from
26 patients with gastric ulcer showed C pyloridis and
an identical number of biopsies showed the organ-
ism in 12 patients with duodenal ulcer.

DENSITY OF GROWTH
The Figure shows the growth of C pyloridis from
one biopsy, which had been divided in half and one
half minced and the other half ground. Seven other
positive biopsies were similarly treated, and five
gave noticeably more colonies after the specimen
had been ground than after it had been minced.
Our culture methods yielded an abundant or
moderate growth of C pyloridis in 62% of positive
specimens. In four specimens bacteria were cultured
when they were not seen on Gram staining.

VARIATIONS IN SOLID MEDIA
Plates were kept for six to 19 days at room tempera-
‘ure (24°C) in a closed plastic box in which the rela-
tuve humidity was 92%. The 15 positive specimens
plated in parallel on freshly poured and older plates
gave the same density of growth on both.
Specimens plated in parallel on whole blood agar
with 1% lIsovitalex or FBP supplement, yielded €
pyloridis on |1 occasions with [sovitalex but only
seven with FBP supplement. six of which yielded a
lighter culture. Incorporation of the components of
‘BP supplement into solid media indicated that
~odium metabisulphite inhibited C pyloridis in solid
media.

VARIATIONS IN CONCENTRATIONS OF
ANTIBIOTICS

The standard medium contained vancomycin 3 mg/|
and nalidixic acid 10 mg/l. When a medium without
intibiotics was plated in parallel with this the stan-
fird: medium yielded 29 isolates of ¢ pyloridis
vhereas the matching plates without antibiotics gave
only 24 cultures, The five other matching plates all
showed a moderate or heavy growth of contamin-
ants, which occurred in 83% of the plates without
antibioties. On the standard medium a moderate or
heavy growth of contaminants occurred in 28%, and
n two of these. although the Gram stain showed
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spiral bacteria, C pyloridis was not cultured,.
Medium containing vancomycin 6 mg/l. nalidixic
acid 20 mg/l, and amphotericin 2 mg/l was tested in
parallel, and 22 isolates of C pyloridis were obtained
on this medium and the standard medium; the
density of growth of C pyloridis on both media was
the same. With the higher concentration of antibio-
tics, contaminants were scanty and on only 18% of
the plates. Whenever spiral bacteria were seen in the
Gram stain C pyloridis was cultured. An even higher
concentration of antibiotics: (vancomycin 20 mg/1,
nalidixic acid 30 mg/l, and amphotericin 4 mg!l)
inhibited all contaminants, but four of nine isolates
were also inhibited. In three of the five positive cul-
tures the growth was heavier on the standard
medium than on the medium with these higher con-
centrations of antibiotics. We conciuded that the
most satisfactory medium contained vancomycin 6
mg/l, nalidixic acid 20 mgl, and amphotericin 2
mg/l, which allowed contaminants to be inhibited
but not C pyloridis.

The density of growth on lysed blood agar and the
size of the colonies were less than on whole blood
agar for four of the 10 isolates of C pyloridis grown
on plates inoculated in parallel.

INCUBATION ATMOSPHERES

The preferred atmosphere, obtained by evacuation
to 220 mm Hg and replacement with anaerobic gas
mixture, was tested in parallel with the campylobac-
ter gas mixture. The inoculum obtained from 33
ground specimens gave L3 positive cultures with
each atmosphere, all from matching pairs, but
showed a scantier growth with two biopsies in the
campylobacter gas mixture. For the |3 minced
specimens the six positive cultures grew equally well
in both atmospheres.

Specimens cultured in parallel in the carbon diox-
tde incubator and the anaerobic jar mixture gave 16
positive cultures in the anaerobic jar mixture but
only 13 in the carbon dioxide incubator: eight of
these 13 cultures produced a scantier growth in the
carbon dioxide incubator than in the anaerobic jar
mixture,

CONTAMINATION OF ENDOSCOPE WITH
Campylobacter sputorum

In one of our patients C pyvloridis was isolated from
the antrum, but another biopsy from the oesophagus
also yielded a growth of spiral bacteria, although
none was seen with Gram stain. On subculture
growth appeared after only one day of incubation,
and biochemical tests gave a heterogeneous result
that was claritied only by extensive subculturing,
The isolate from the oesophagus was fnally
confirmed as C sputorum, and we suspect that the
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Growth of C pyloridis from one biopsy on serum-yeast agar containing tetrazolium and inoculum
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prepared by (a) mincing or (b) grinding.
orniginal isolate had been contaminated by C
pyloridis.
Discussion

Grinding the biopsy tissues with a ground glass grin-
der usually yielded a heavier. more uniform culture
than mincing the tissue with knives (Figure). Such
uniformity would be unlikely for the method
described by Jones er al,* who “rubbed” the biopsy
on the surface of the blood agar plate. With a consis-
tently uniform inoculum primary isolation of C
pyloridis on different media should be the most sen-
sitive method of comparing media and incubation
atmospheres. Provided biopsies were kept at 4°C,
delay for up to five hours did not seem to affect the
isolation of C pyloridis.

We were impressed by the fact that C pyloridis
seems to be found in the gastric mucosa in a patchy
distribution. Biopsies taken close together some-
times show an absence of spiral bacteria in one but
an abundance in the other. Most biopsies showed a
somewhat patchy distribution of bacteria. This may
partly explain the instances when either culture or
histology, but not both, was positive.

The most satisfactory medium was brain-heart
infusion agar with 7% horse blood. 1:0% lsovitalex,
vancomycin 6 mgl, nalidixic acid 20 mgl, and
amphotericin 2 mg/l. Isolation of C pyloridis was
excellent, and contaminants were inhibited almost
completely. Concentrations of antibiotics higher
than these inhibited C pyloridis. FBP supplement

inhibited some isolates of C pyloridis, and we
determined that the component responsible was
sodium metabisulphite. Incubation in a carbon diox-
ide incubator is not recommended for primary isola-
tion: this contradicts a previous report.*

Cimetidine may have a useful antibacterial action
against C pyloridis. In a separate study, to be pui
lished elsewhere. on the susceptibility of C pyloridis
to antibiotics and antiulcer agents we found that the
minimum inhibitory concentration of cimetidine
against C pyloridis was 4 mgl. Isolation of €
pyloridis from patients receiving cimetidine in the
present study was low, From 33 biopsies from
patients taking cimetidine there were 11 positive
cultures (31%) (from nine of 25 patients), and fro
the 68 other biopsies there were 37 positive cultu:
(34%) (29 of 35 patients) (p = 0-022. Fisher's exact
method). Three of the four patients with active
chronic gastritis but with no apparent bacteria were
receiving cimetidine. Eight of 11 of the positive cul-
tures from patients receiving cimetidine, however.
gave quite a heavy growth. The clinical importance
of these tindings is uncertain, and further investe -
tion 1s required.

This study confirms previous observations' thai
pyloridis is closely associated with active chronic
gastritis: in our study C pyloridis was detected on
only one biopsy that appeared normal histologically.
and the patient showed active chronic gastritis in o
second specimen. Jones ef al* found a close associa-
tion between C pyloridis and both types of gastritis
which they described as “*superficial ™ or ~atrophic”
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Other studies have also reported a close associa-
tion of C pyloridis with gastriis.’* The clinical
importance of C pyloridis will be clarified if his-
topathologists use similar nomenclature to describe
varying forms of gastritis. Most histopathologists do
not seem to differentiate between *chronic” and
“active chronic” gastritis, conditions which have
been clearly defined by Whitehead® and Marshall
and Warren.! We found a pronounced difference
between the detection of C pyloridis in active
chronic gastritis (92%) and chronic gastritis (35%).

Finally, we must mention that although we have
proposed the name C pyloridis for these spiral bac-
teria from the stomach, other studies of ours on the
fatty acids and ultrastructure of C pyloridis’ and the
protein patterns reported by Pearson et al* suggest
that these bacteria do not belong to the genus Cam-
pylobacter.

We thank Dr B Marshall for technical advice, Dr D
Annear for the Figure. Mrs Pam Blake and Miss
Julia Burton for technical help, and Mrs Faye
Coverley for secretanal help.
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Enzyme-Linked Immunosorbent Assay for Campylobacter pyloridis: Correlation with
Presence of C. pyloridis in the Gastric Mucosa
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From the Departments of Microbiology, Gustroenterology,
and Pathology, Royal Perth Hospital,
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Antibody to Campylobacter pyloridis was measured by ELISA in the sera of 160 patients
from whom gastric biopsy specimens were also obtained. The antigen was an acid-glycine
extract of C. pyloridis, and titers ranged from 80 to 22,000 ELISA units (EU). Of 117
patients in whom C. pyloridis was detected microbiologically or histologically, 87 (74%)
had a titer 2300 EU, and only one had a titer <150 EU. Of 43 patients in whom C. pyloridis
was not detected, only two (5%) had a titer >300 EU. Thus, for a titer of 300 EU the
ELISA test had a specificity of 97% and a sensitivity of 81%. At 150 EU the specificity
was 78%, and the sensitivity was 99%. Histological diagnosis of active chronic gastritis
was associated with a high median ELISA titer (485 E), chronic gastritis with a much
lower titer (150 EU), and normal histology with a titer of 110 EU. Discriminating use
of this serological test could be of assistance to detect C. pyloridis in the gastric mucosa.

The name Campylobacter pyloridis has now been
validated [1] for the campylobacter-like spiral bac-
teria first cultured at Royal Perth Hospital in 1982
from specimens of the gastric antral mucosa ob-
tained by endoscopic biopsy [2, 3]. This new organ-
ism may be the etiologic agent in gastritis-associated
dyspeptic disease and most cases of duodenal ulcer
{4], and possible pathogenic mechanisms have been
delineated [5]. Thus in patients with nonulcer dys-
pepsia, when the presence of C. pvloridis is indicated
by detecting specific antibody, an attempt at cura-
tive antibacterial therapy may be justified. A dis-
criminatory serological test could replace the diffi-
cult and expensive procedures such as upper
gastrointestinal endoscopy and biopsy, which are
presently required to demonstrate the presence of
C. pyloridis in the stomach. However, as Svedheim
[6] has stated, “the antigen is crucial in diagnostic
serology.” For Campylobacter jejuni, an acid-glycine
extract in an ELISA is the most satisfactory prepa-
ration [6-8], but tor C pvioridis the antigens for
serological tests in published reports were sonicated
whole bacteria [9-11) or bacteria killed with forma-
lin [12, 13]. Some healthy volunteers had histologi-
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cal gastritis and C. pyloridis in their stomachs [14].
In this study, serological results were obtained with
an acid-glycine extract of C. pyloridis in an ELISA
assay, and from every patient, a gastric biopsy spec-
imen was obtained and examined microbiologically
and histologically.

Materials and Methods

Bacterial strain and antigen preparation. The an-
tigen was prepared from a pool of 1l isolates of
C. pyloridis obtained from the gastric mucosa and
included strains 11637 and 11638 from the National
Collection of Type Cultures (London). The prepa-
ration of the antigen and the ELISA technique were
similar to those described for C. jejuni by Blaser and
Duncan [8]. [solates were grown on heated blood
agar with [soVitaleX® 1% (BBL Microbiology, Cock-
eysville, Md) for three days at 37 C in a Campvlobac-
ter gas mixture [15]. Bacterial cells were harvested
in sterile distilled water, washed twice in sterile dis-
tilled water, and suspended in 0.2 M glycine-
hydrochloride buffer (pH 2.2) at a concentration of
0.1 g (wet weight) of cells to 2.5 ml of buffer. Sus-
pensions were stirred at 25 C for 15 min and cen-
trifuged at 11,000 g for 15 min at 4 C. The superna-
tant was retained, and the pH was neutralized with
sodium hydroxide. The supernatant was dialyzed
against sterile distilled water tor 24 hr at 4 C. The
protein was filtered by using the Amicon Diafiltra-
tion system membrane type UMI0 (Amicon, Dan-



C. pyloridis ELISA Antibody

vers, Mass), and protein concentrations were deter-
mined by the Lowry technique [16]. Preparations
were stored at —20 C until use. Before coating the
ELISA trays, we diluted the concentrated antigen
preparation in 0.5 M carbonate buffer (pH 9.6) to
give a final concentration of 2.5 pug of protein/ml.
Polyvinyl chloride, “high activity” microtiter, flat-
bottomed plates (Flow Laboratories, McLean, Va)
were coated with the diluted antigen preparation by
adding 0.2 ml to each well. The plates were covered
and incubated for 24 hr at 4 C. Each well was then
aspirated dry and refilled with 0.3 ml of PBS con-
taining thimersol-Tween® 20 plus gelatin (1 mg/ml).
The plates were kept at 4 C until use.

Proteins in the antigen. Protein profiles of the
acid-glycine preparation were examined by discon-
tinuous SDS-PAGE, as described by Laemmli {17].
After centrifugation at 6,000 g for 15 min, the su-
pernatant was heated at 100 C for 5 min with a dis-
integration buffer that gave a final concentration of
50 nmol Tris hydrochloride (pH 6.8), 5% beta-
mercaptoethanol (voi/vol), 2% SDS (wt/vol), 10%
glycerol (vol/vol), and 0.01% bromophenol blue. The
proteins were separated on a SDS-PAGE gel system
[17] that consisted of a 3% stacking gel and a
6%-18% gradient gel. Electrophoresis was per-
formed at 500 V for 4 hr with cooling, and the gels
were stained with coomassie blue. The molecular
weights of the peptides resolved were calculated on
the basis of a calibration curve of marker proteins.

Patients, biopsy specimens, and sera. The pa-
tients were consecutive referrals to the Gastroenterol-
ogy Unit at Royal Perth Hospital from September
1984 to August 1985, from whom endoscopic biopsy
specimens were obtained. Patients who had been
treated with antibiotics or antacid were excluded
from the study. One hundred sixty patients were en-
tered in the trial, including 101 men and 59 women
with an age range of 20-85 years. The mean age for
the men was 53 years, and mean age for the women
was 48 years. Endoscopic biopsy specimens were ob-
tained and cultured for C pyloridis on a selective
medium in a microaerophilic environment, as pre-
viously described {15]. One specimen was taken for
microbiological culture and one specimen for histo-
logical diagnosis and detection of spiral bacteria. Se-
rum specimens were stored at —20 C, but 66 speci-
mens were studied unfrozen for the presence ol [gh
antibodies to C. pyloridis and were then studied
again after being frozen at —20 C.

ELISA. Forthe ELISA, optimal dilutions of all
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reagents were determined by checkerboard titration.
Antigen-labeled plates were removed from 4 C and
brought to room temperature (~23C) before use.
Wells were washed three times with PBS containing
thimersol-Tween 20. Each test serum was diluted
1:100 in serum diluent (PBS containing thimer-
sol-Tween 20 with 5 mg of bovine gammaglobu-
lin/ml and 1mg of gelatin/ml). A 100-pl sample of
each test serum dilution was added in triplicate to
the microtiter plate and incubated for 90 min at 25 C
in an incubator to maintain a stable temperature.
Wells were aspirated and washed three times with 0.3
ml of PBS containing thimersol-Tween 20. Peroxi-
dase-labeled goat antibody to human [gA, [gG, and
[gM (heavy- and light-chain specific) was used at a
dilution of 1:16,000, and specific conjugates were
used as follows: IgG, 1:50,000; IgM, 1:4,000. All con-
jugates were obtained from Kirkegaard-Perry Labs,
Maryland. Conjugates were appropriately diluted in
PBS containing thimersol with 20ug of bovine se-
rum albumin/ml and 1.0 mg of gelatin/ml, and 100
pl was added to each well and was placed in an in-
cubator for 90 min at 25 C. Wells were washed three
times with PBS containing thimersol-Tween 20, and
then twice with PBS containing only thimersol. A
100 I sample of substrate consisting of 2.2'-azino-
di-(3-ethyl-benzthiazoline) sulfonate with 0.005%
hydrogen peroxide was added to each well and in-
cubated at 25 C for 15 min. The reaction was stopped
with 50 pl of 0.001% wt/vol sodium azide in 0.1 M
citric acid. Plates were read within 2 hr on a Titer-
tek Uniscan® (Flow Laboratories, Sydney, Austra-
lia) at 405 nm. This machine allowed a single blank
well to be used to make a baseline measurement.

Each plate contained dilutions of three control sera
that had to meet stringent requirements for the plate
to be accepted. One control was the calibration se-
rum consisting of a pool of 11 positive sera with high
titers of antibody. This was diluted from 1:50 in dou-
bling dilutions to [:12,800, which allowed the con-
struction of a standard curve as described under
analysis of darta below. The second control was a pool
of 14 negative sera that was put on each plate in
duplicate at a dilution of 1:100, and the reading of
these wells had to be <0.1 absorbance units for the
plate to be accepted. The third control was a “weakly
positive” serum that was diluted at 1:400 and assayed
in three wells. The results were analyzed as described
below. Before the procedure was accepted, the weakly
positive serum was tested in 18 plates to ensure
reproducibility.
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Inhibition assay. To asess the specificity of our
test, we incubated a pool of sera with high positive
titers in four aliquots at 37 C for 30 min —one with
10pg of the C. pyloridis extract and the three others
with an acid-glycine extract of C. jejuni, Cam-
pylobacter fetus, or Escherichia coli. After incuba-
tion, 200-ul samples of the serum were doubly
diluted from 1:10 to 1:320 and placed in triplicate
wells; the ELISA was performed as described above.

Calculation of ELISA. The absorbance readings
obtained for each of the dilutions of the calibration
serum were used to construct a standard curve in the
following manner. The highest dilution of the serum,
12,800, was arbitrarily designated as being equal to
one ELISA unit (EU), and with the dilution factor
of 100, this gave a result of 100 EU. The results were
plotted as absorbance versus dilution of serum (fig-
ure 1). The 12 results usually covered a range of ab-
sorbances from 0.] to 1.2 and were entered onto a
programmed calculator. The plate was accepted if
the correlation coefficient of this standard curve was
>0.980. For each test serum done in triplicate the
results were calculated from the standard curve by
linear regression analysis and expressed in EU [18].
The mean of the weak positive control serum was
359 EU, with a standard error of 85.5 EU. For the
sera of patients without C. pyloridis, the upper limit
of two standard deviations from the mean was 300
EU.

Results

Inhibition assay. The effect of different acid-
glycine extracts on the titer of C. pvloridis antibody
in a highly positive serum is shown in figure 2. First,
it can be seen that the C. pvloridis acid-glycine ex-
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Figure 1. Standard curve ol calibradon serum used in
the ELISA test.
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Figure 2. The effect of adsorption by acid-glycine ex-

tracts of four different bacteria on optical densities of se-
rum that contained antibodies to Campylobacter pvioridis.

tract adsorbed out antibody in the positive control
serum. Second, at 1:20 and [:40 there was a greater
than fourfold difference in absorbance between
C. pyloridis and the other three extracts. These
results also indicate, however, a degree of cross-
reactivity between antibodies to C. pyloridis and ex-
tracts from the other bacterial species tested.

Protein bands in the ELISA antigen. The SDS-
PAGE profile of the acid-glycine extact of C. pyoridis
is shown in figure 3. A major triplet of protein bands
was observed at 57 kDa, 62 kDa, and 64 kDa, with
lesser bands at 24.5 kDa, 28 kDa, 33 kDa, and 84
kDa.

Detection of C. pyvloridis by culture and histology.
and histological diagnosis.  For the 160 patients in
the study, C. pvloridis was detected by culture or
histology in 117 (73%) of the patients. In one pa-
tient, histology failed to reveal the organism, but
C. pvloridis was cultured from the biopsy specimen
(table 1). C. pvioridis was not detected tn 43 (27%)
of the patients. The histological diagnosis of active
chronic gastritis, as defined by Whitehead [19] and
Marshall and Warren [2], was made in 107 patients,
and C. pvloridis was detected in all of these patients.
Chronic gastritis without activity was present in 31
patients, and in 10 (32%) of these, C. pyloridis was
detected. There were 22 patients with normal histol-
ogy of the gastric mucosa, and in none of these was
C. pvloridis detected.

ELISA results.  In our polvclonal ELISA test,
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Figure 3. SDS-PAGE profiles of the acid-washed prep-
aration used in the ELISA.,

there was a linear relation between the reciprocal
serial dilutions of the highly positive pooled serum
and absorbance (figure 1) in the region from 200-
to 6,400-fold serum dilutions, We found that serum
lgA was not detected by our antigen; sera sent to
us by Dr. Kaldor (Fairfield Hospital for Communica-
ble Diseases, Melbourne), which apparently contain-
ing high titers of IgM antibody, had low titers.
whether tested unfrozen or frozen.

ELISA titers of serum antibody. The ranges of
titers in patients in whom C pyloridis was or was
not detected are shown in figure 4. There is a highly
significant statistical difference between these two
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Table 1. Histological and endoscopic diagnoses relat-
ed to detection of C. pyloridis and ELISA titers
No. with
No. in  C. pyloridis  Median titer
Diagnoses group detected (EU)
Active chronic
gasltrits

Duodenal ulcer 61 61 415

Gastric ulcer 20 20 685

No ulcer 26 26 965
Chronic gastritis 31* 10 150
Normal histology 221 0 110

NOTE. Among patients with active chronic gastritis and a
duodenal ulcer, none had <150 EU and 41 had >300 EU. Among
patients with active chronic gastritis and a gastric ulcer, none
had <150 EU and 15 had >300 EU. Among patients with active
chronic gastritis and no ulcer, none had <150 EU and 21 had
>300 EU. Among patients with normal histology, 15 had <150
EU and two had >300 EU.

* Four of these patients had ulcers

T Two of these patients had ulcers.

groups (Student’s ¢t = 3.04, P < -002). [n the 43 pa-
tients in whom C. pyloridis was not detected, only
two (5%) had a titer >300 EU, and 28 (65%) had
a titer <150 EU; only three had a titer >250 EU. Of
the 117 patients in whom C pyloridis was detected,
86 (74%) had a titer >300 EU, 94 (80%) had a riter
>250 EU, three a titer of 150 EU. and one patient
had a titer of 100 EU. Thus, at a cut-off point of
>12000 - [zizsesssssserens: :

1200 .
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Figure 4. Serum titers of antibody o Campviobacier
pyloridis in patients from whom a gastric antral biopsy
specimen was examired for C pyvloridis. Left, titers when
C. pyloridis was detected: right, titers when C pyloridis
was not detected.
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300 EU, our assay produced very few false-positive
results. At 300 EU our test had a specificity of 97%,
a sensitivity of 81%, a predictive positive value of
98%, a predictive negative value of 57%, and an ef-
ficiency of 86%. At a cut-off point of 150 EU our
assay produced very few false-negative results. At 150
EU our test had a sensitivity of 99%, a specificity
of 78%, a predictive positive value of 91%, a predic-
tive negative value of 98%, and efficiency of 62%.
Thus at 300 EU, our ELISA test showed good speci-
ficity, and at 150 EU the test showed good sensitivity.

Relation between ELISA titers and the histologi-
cal and endoscopic diagnoses. Among the 107 pa-
tients with active chronic gastritis, 61 had a duodenal
ulcer, 20 had a gastric ulcer, and 26 did not have an
ulcer. Among 31 patients with chronic gastritis, only
four had an ulcer; among 22 patients with normal
histology, only two had an ulcer. The median ELISA
titers are shown in table 1. In the patients with
chronic gastritis the median titer was 150 EU, which
was much lower than the median titer of those with
active chronic gastritis regardless of whether the pa-
tient had a duodenal ulcer, (median, 415 EU), gas-
tric ulcer (median, 685 EU), or no ulcer (median,
965 EU). Patients with normal histology had the
lowest median titer, 110 EU. There were only five
titers >6,000 EU, and to avoid weighting the statisti-
cal analysis, we estimated these titers to be 6,000 EU;
the titers of those with active chronic gastritis were
very significantly higher than those with chronic gas-
tritis (1 = 3.13, P < .002). The titers of patients with
duodenal ulcers and active chronic gastritis were sig-
nificantly lower than those with active chronic gas-
tritis but no ulcer (r = 2.36, P < .02).

Among the 64 patients with a duodenal ulcer, only
one had normal histology, and two had chronic gas-
tritis; the titers of these three patients ranged from
80 to 220 EU. Among the 23 patients with gastric
ulcers, only one had normal histology, and two had
chronic gastritis; the titers of these patients ranged
from 110 to 555 EU.

Discussion

A serological method to detect the presence of
C. pyvloridis should not give a high-positive result
when C. pyloridis cannot be detected. Before a sero-
fogical method is used for surveys it should be
checked by the means we have used in this study,
namely the analysis of gastric biopsy specimens tor
the presence of C pyloridis. Apparently healthy

Goodwin et al.
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volunteers have been found to have histological gas-
tritis in the stomach, and C. pyloridis has been de-
tected [14]. Therefore, the definition of a healthy
individual must be made on histological and
microbiological grounds and not on the absence of
symptoms. Patients with nonulcer dyspepsia [5] have
seen a doctor and been assured that they have no
organic disease, but frequently are found to have gas-
tritis and C. pyloridis infection.

Among the patients in whom C. pyloridis was not
detected, the upper limit of two standard deviations
above the mean of their titers was 300 EU; in pa-
tients with a titer >300 EU, C. pyloridis was nearly
always found in the gastric antrum. When the titer
was <150 EU, C. pyloridis was rarely found. With
regard to titers between 150 and 300 EU, some pa-
tients may have falling titers because of the natural
healing process [20], or healing may have been aided
by undeclared antibacterial treatment such as bis-
muth tablets (bismuth is effective against C. pyloridis
{4]). Some patients may have a relatively low titer
if their infection has only just begun. In this study,
there were nine patients with titers between 250 EU
and 300 EU, and in only one of these was C. pyloridis
not detected. Thirty-four (21%) of our 160 patients
had a titer between 150 and 250 EU, and in 24 (71%)
of these thirty-four patients, C. pvloridis was de-
tected. There were two patients with a titer >300 EU
in whom we could not detect C. pyloridis; they were
each a close relative of a patient with peptic ulcer
and C. pvloridis in the stomach. Among the patients
who were excluded from the study because of prior
antibacterial or antipeptic ulcer treatment, there were
two patients who had apparently received cimetidine
or sucralfate. In the patient who received cimetidine,
C. pyloridis was not detected, but he had an anti-
body titer of 5,750 EU. In the patient who recieved
sucralfate, C. pvloridis was also not detected, and
the antibody titer was 1,030 EU.

We investigated the possibility that the higher
ELISA titers in our patients would be associated with
the most-severe inflammation histologically. How-
ever, among the 107 patients with active chronic gas-
tritis, severe inflammation was found in the biopsy
specimens of patients with low ELISA titers, between
200 EU and 300 EU, and some patients with high
titers had only mild or moderately severe inflamma-
tion in their biopsy specimens.

Anacid-glycine extract ol C. jejuni has been found
to be more reliable than are other antigenic prepa-
rations for the scrological diagnosis of infection with
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that organism [6-8]. Despite the evidence that anti-
body to C. pyloridis, as measured in our ELISA, did
show some evidence of cross-reactivity with the ex-
tracts of C. jejuni, C. fetus, and E. coli, there were
nevertheless very few false-positive ELISA results.

Other antigens and methods have been reported
for serological tests for C. pyloridis. A passive
hemagglutination test with sonicated C. pyloridis as
the antigen has been reported [10], but we have found
that unsensitized erythrocytes hemagglutinated as
readily as sensitized erythrocytes. An ELISA method
with formalin-killed whole bacteria as the antigen
[12, 13] detected high titers in apparently healthy con-
tacts [12]. A CF method was used with an antigen
that was “a thick suspension of organisms” harvested
from a three-day culture [11]; a CF method was also
used with sonicated C. pyloridis as antigen, but 12
of 78 patients negative for C. pyloridis were found
to have a high titer of antibody [21]. The antibodies
to C. pyloridis detected in healthy contacts of pa-
tients with peptic ulcer may be protective antibod-
les; immunoblot analysis may reveal whether differ-
ent antigens are involved in the serological response
of healthy contacts compared with patients with
C. pyloridis.

A serological test can be made more reliable by
using stringent controls. We used an additional con-
trol to those of Blaser and Duncan [8], namely a cal-
ibration serum on each plate, and for the plate to
be dccepted, a correlation coefficient >0.980 was re-
quired. This serum allowed us to record our results
in a standardized fashion rather than directly as ab-
sorbances (OD).

The ELISA titers among our patients mirrored
closely the histological diagnosis of active chronic
gastritis, chronic gastritis, or normal histology. Ta-
ble | shows that among the 31 patients with chronic
gastritis the median titer was only 150 EU, whereas
among the three groups with active chronic gastritis
the median titers were 415 EU, 685 EU, and 965 EU.
Among those with normal histology the median titer
was only 110 EU. We regard these results as confir-
mation of the significance of the histological diag-
nosis of active chronic gastritis in relation to
C. pyvioridisinfection. Price et al. [22] stated that in
their study the incidence of C. pvioridis was similar
in patients with chronic or active chronic gastritis,
We question this observation and suggest that these
authors have set their normal range for neutrophil
infiltration too high, so that they relegated patients
with active chronic gastritis to their chronic gastri-

493

tis group. When active gastritis is absent in the gas-
tric mucosa, neutrophils are almost completely ab-
sent. These authors may not have obtained biopsy
specimens from sites similar to ours, or their selec-
tion of patients may have been different.

In addition to the presence of specific serum an-
tibody in patients in whom C. pyloridis can be de-
tected, the presence of local antibody in biopsy spec-
imens would confirm that C. pyloridis is a genuine
pathogen and not merely a commensal. Wyatt et al.
[23] have reported that in vivo coating of C. pyloridis
by host IgA was present in all 83 cases of active gas-
tritis, and coating of bacteria with IgG or [gM was
significantly correlated with activity of the gastritis
and was rarely seen in the absence of neutrophil in-
filtrate.

Our conclusions from this study are that sympto-
matic patients who have a titer <150 EU will be highly
unlikely to have C. pyloridis in the stomach, and pa-
tients with a titer >300 EU are very likely to have the
organism in the stomach. As with any serological test
there will be patients with intermediate results, and
it is particularly these patients who will need an en-
doscopic examination to determine whether C. pvio-
ridis is present,
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Campylobacter pyloridis colonization of the stomach
nay be an etiological factor in gastritis and peptic
Iceration. Campylobacter pyloridis produces large
‘mounts of urease, and the presence of this enzyme in
mstric mucosa usually indicates infection with the or-
ranism. In this paper we describe the use of a rapid
irease test (CLOtest) to detect C. pyloridis infection in
sastric mucosal biopsies. In 141 consecutive endoscopy
.ases. antral biopsies were taken for culture and histol-
»gy. and an extra biopsy was inserted into the CLOtest
sel. There were 79 patients infected with C. pyloridis.
78 of whom were detected by CLOtest: 75% were
positive at 20 min, 92% at 3 h, and 98% at 24 h. There
were no false positive results. Eighteen infected patients
were rebiopsied after a course of amoxycillin and bis-

~muth subcitrate. Active chronic gastritis resolved in
eight of nine who were cleared of the organism. but
histological gastritis was unchanged in nine patients
who were still infected. CLOtest is a simple. sensitive,
and highly specific test that enables the endoscopist to
diagnose C. pyloridis infection in the endoscopy room.
A negative test after antibiotic therapy correlates with
clearance of the bacteria and healing of active gastritis.

INTRODUCTION

The presence of Campylobacter pyloridis in the stom-
ach of patients with gastritis. and the possible etiologic
role of the organism in dvspeptic disease. has been
discussed elsewhere (1-3). The bacterium is the most
likely cause of type B (antral) gastritis and is possibly
an etiologic agent for peptic ulceration associated with
active chronic gastritis (6).

Until now, the study of C. pyloridis has needed the
cooperation of a microbiologist and pathologist. Cul-
ture took 3 days. and histopathology at least 24 h. The

most rapid way of diagnosing the infection was by
microscopy of the smeared gastric mucus. but even in
"a research setting this procedure took at least | h and

Received Aug. 11, 1986, revised Dec. 1. 1986 aceepted Dec, 2,
1986,
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was very expensive in terms of the labor involved. We
saw the need for a simple. fast. and reliable test that the
endoscopist could perform to diagnose the infection in
the endoscopy room.

The large amount of preformed urease enzyme pro-
duced by C. pvioridis afforded a means of detecting the
organism without culture. Urease is not produced by
mammalian cells (7). so if it is detected bactenia must
be present. Herein we describe the evaluation of a rapid
urease test (CLOtest) suitable for use by endoscovists,
The effect of treating gascritis with antibacterial agents
is also described. and the use of the test to monitor
such therapy 1s suggested.

DESCRIPTION OF THE TEST

CLOtest is a mounted gel pellet containing urea.
phenol red (a pH indicator). and a bacteriostatic agent.
During manufacture. the gel is buffered to an acid pH
which gives it a bright vellow color. The color of the
gel changes to pink if the pH rises above 6.0. This color
change should only occur when urea in the gel is
hvdrolyzed to release ammonia. i.e.. urease enzyme 1s
present. Campylobacter pyloridis is the only bacterium
inhabiting the gastric mucosa that contains enough
preformed urease to be detected in the rapid urease test.
CLOtest detects only preformed urease enzyme. Fuf-
ther production of urease by C. pyloridis or other
contaminating organisms is prevented by a bacteriostat
in the gel.

Before an endoscopv session, the CLOtests are
warmed to 30°C in an incubator or in the endoscopist’s
pocket. At endoscopy. a 2-mm pinch biopsy is taken
from the prepvloric mucosa. and the tissue is pushed
beneath the surface of the CLOtest gel (Fig. |.4). The
stomach contents are usually acid and the pH of gastric
tissue approximately 6.0. so there is normally no color
change in the gel. When C. pyloridis is present in the
gastric biopsy. urea in the gel is hydrolyzed. ammonium
is formed with the incorporation of hydrogen ion, and
a rse in pH occurs (8).



farch 1987

CAMPYLOBACTER PYLORIDIS-ASSOCIATED GASTRITIS 201

Fic. .. 4. insertion of 2 mm pinch biopsy into the CLOtest gel. A 19G needle is preferred. B, the CLOtest 1s resealed and the ume tor a pink
olor to uppear s recorded on the label (in this case | min). Ideally, CLOtests should be incubated at 30-33°C but it is often more con\emcm to
'eep ihe 'm in the endoscopist's pocket (also approximately 30°C). C, three CLOtests. The one on the /eri was positive at 2 min and is now 2 n

Ad: ..o 7 :rther color change will occur. The center test trom a CP— patient is 24 h old and remains vellow. The test on the rnght 1s the same as
‘mt i l and B. 3 min atter insertion ot the biopsy.

jrea METHODS

VH.

| ium bicarb Patients

~ ) urease ammonium bicarbonate ) . o
i__o + 2H.0 + H* INH," + HCO3- The patients attended a dyspepsia research clinic.

VH,

+In positive cases a red tinge develops around the
noosv usually before the patient leaves the endoscopy
vom ( (Fig. 1B). A color change does not occur if C.
)ylorldzs is absent (Fig. 1C).

“To ke of practical use it was decided that the CLOtest
hould be read before the patient left the endoscopy
UOm (nominally 20 min after biopsv) so that therapy
‘Ould be prescribed by the endoscopist. As day-cases
g_mam:d in the hospital for 3 h after endoscopy, it was
i}nver-ient to re-examine the tests at this time and

gnuse further patients before they left hospital. After
kmg ieft on the shelf overnight the CLOtests could be
Texamined 24 h after biopsy. Infected patients detected
R this time could be telephoned to return for medica-

s ‘,(\‘v‘:n'!bo'-{-
=

Every clinic patient underwent upper gastrointestinal
endoscopyv at which multiple biopsies were taken to
detect C. pyloridis infection. Where possible. these in-
vestigations were repeated after antibacterial therapy.
CLOtest was performed on every patient endoscoped
between | August and 31 December 1985 to give the
present series.

Endoscopy and biopsy

Patients were fasted overnight or for at least 4 h
before endoscopy. If elective patients were taking H,
receptor antagonists. antibiotics. or bismuth containing
drugs, these medications were ceased and the endoscopy
postponed for 14 days when possible. Patients were
asked to drink a glass of milk the night before the
endoscopy in the belief that this produced a white top
on ulcer craters, which were photographed. Premedi-
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| for endoscopy was with atropine and pethidine
auscularly, with additional intravenous diazepam
* diately before the procedure. No oral medication
ermitted on the day of the test. Simethicone was
iven, but patients sucked a lignocaine jube for
t anesthesia.
«» instrument used was an Olympus GIFXQI0
")ptlc panendoscope. After the stomach and duo-
“cap had been examined visually and suspicious
's had been biopsied, four extra mucosal biopsies
taken from areas uninvolved by any local lesion
"as an ulcer. The first two biopsies were taken from
reater curve of the stomach about 5 cm from the
us. One was placed in the CLOtest gel. The second
_v was placed in a drop of sterile 10% glucose.
_erated. and transferred to the microbiology labo-
'y within 3 h. Two biopsies for histology were then
| within 3 cm of the pvlorus. at angles of about ten
ck and four o'clock. These were fixed immediately
Lffered formol-saline. CLOtest results were not
ioned on the histology or microbiology request
" 5. but normal clinical information was recorded.

ostudy
“\e first 32 patients were tested as a pilot study to
" mine the best time to read the CLOtest. The color
recorded on the endoscopy report, about 20 min
the biopsv had been taken. The CLOtests were
examined for further color change at 3 h and then
2 daily for | wk.

ﬂzm[e/}' timed studyv (141 CLOtests)

#1is was a prospective study on consecutive patients

7hom the CLOtest was carefullv observed. When

" Siopsy was inserted into the CLOtest. the time was
rded on the package. The CLOtest was kept at 30°C
‘he next 3 h and after that at room temperature
25°C). The test was examined as soon as the en-
.opv had been completed (2-5 min). at 3-min n-
als during the first h. and at 30-min intervals until
. satient was discharged from the hospital or 3 h had

t sed If a definite pink color was observed in the gel

ounding the biopsy, a positive result was recorded

the time written on the label. Negative CLOtests

» reexamined when the patients were discharged
' ‘again at 24 h. If the CLOtest had changed to orange
Ooink within this time. the result was recorded as
v tve.

v the time the data had been collected and analyzed,
. C. pvloridis status of another 130 patients had been

i

{ |

rmined by CLOtest. histology. and microbiology.
s group was not used in the analysis except to
vide extra data in the graph of the CLOtest reaction
(see “Results™).
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CLOtests read by the microbiologist

These patients were undergoing endoscopic follow-
up in a double-blind treatment study in which the
endoscopist was not permitted to know if C. pyloridis
infection was still present. In this group CLOtests were
immediately sealed in an opaque envelope by the en-
doscopy nurse and sent to the research microbiology
laboratory with the specimen for culture. The micro-
biologist recorded the CLOtest as positive or negative
at 3 h (before the Gram stain had been seen) and at 24
h.

This was a select group of patients with duodenal
ulcer disease and previously diagnosed C. pyloridis
infection. In addition to standard ulcer therapy. they
had received either antibiotic or placebo. administered
double blind. As a result. about half of these patients
were negative for C. pyloridis. All medication had been
ceased 2 wk before follow-up endoscopyv. The micro-
biologist did not know their C. pyloridis status before
examining the CLOtest. but of course he knew the
CLOtest result at the time he examined the Gram-
stained smears. Correlation with the histology was not
obtained in this group because the patients are still in
a double-blind trial. Data from these patients were
included to see if CLOtest could indicate the success or
failure of antibactenial therapy.

MICROBIOLOGY

Microbiology specimens were processed in the rou-
tine laboratory except for the 64 cases mentioned above
that were processed in the research laboratory. The
tissue was ground. Gram stained and. cultured in a
manner previously described (9). The number of spiral
bacteria present on the Gram-stained smear was graded
from zero (no bacteria seen) to three (many bacterna),
and the culture result was recorded as positive or neg-
ative.

HISTOLOGY

For histological examination. formalin-fixed paraf-
fin-embedded sections were stained with hematoxylin
and eosin for grading gastritis and with a May Grun-
wald Giemsa method to show bacteria. Sections were
treated as routine hospital specimens and reported by

one of four pathologists according to the method of

Whitehead (10) as modified by Warren and Marshail
(1. 2). Ouly essential clinical information was made
available to the pathologist on the request form: recent
antibacterial therapy and the CLOtest result were not
recorded, and examination of the histological spCCl'
mens was consecutive and blind.

The four pathologists used slightly differing terml

nology when reporting the biopsies. but the presence O_f
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norphs was always recorded as “actvity,” and
se chronic gastritis” was the usual diagnosis when
norphs were seen. The term “chronic gastritis” was
'if lymphocytes or plasma cells were present in
s, but polymorphs were difficult to find or totally
1t. Other abnormalities such as intestinal metapla-
itrophy, edema, and fibrosis were described but
not considered indicators of gastritis unless lym-
ytes. plasma cells. or polymorphs were also present

.cess.. Typical histological appearances are shown
2
r ease of analysis, a coding scheme was adopted
ar to that used in the study of Marshall and Warren
The method has been described in detail elsewhere
and has been used by McNulty (12) for the senal
isment of gastritis. In this method, the most severe
| is eustritis with polymorphonuclear and mono-
ear cells present (active chronic gastritis). and a
r degree of gastritis is that which has no polymor-
auclear but an excess of mononuclear cells only
ynic gastritis). We gave a score of O for a completely
nal biopsy. 1 for a biopsy showing minor abnor-
ities without significant inflammatory cell infiltrate.
r chronic gastritis as described above. and 3 for
ve chronic gastritis. For analysis of patients who
> biopsied more than once in this series. grade 2
further arbitrarily divided into mild and moderate
ynic gastritis according to the number of mononu-
- r cells present (severe chronic inflammation never
gk prred without activity also being present). and grade
as divided into mild. moderate. and severe degrees
ctive chronic gastritis according to the number of
/Morpas present.

DEFINITION OF BACTERIA POSITIVE AND
NEGATIVE PATIENTS

‘0 evaluate the CLOtest result, a C. pyloridis positive
> was defined as a patient who had spiral bacteria
ical of £, pvloridis detected on Gram stain or culture
listological sections. When the histology and micro-
logy results disagreed, the histological sections were
tamined, and a consensus was obtained. For CP+
ients histological active chronic gastritis was usually
sent.

‘or patients participating in the double-blind study
clinical data was provided, and for other patients
¥ significant endoscopic findings were mentioned
ithe laboratory request forms. At Roval Perth Hos-
Al the diagnosis of C. pyloridis infection by histology
Culture is not in contention. Campyviobacter-like
#anisms are routinely reported on gastric mucosal
(:)sies and have been diagnosed in 910 patients since
9. In addition, C. pvioridis has been cultured from

| #T 300 patients since 1982.
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EFFECT OF ERADICATION OF CP

Eighteen CP+ patients. notin the double-blind study.
were rebiopsied after they had completed a course of
antibiotic therapy. The therapy given was bismuth sub-
citrate tablets 1 qid with amoxyecillin 500 mg qid con-
currently for {4 days. These patients made a group in
which analysis of the histology before and after treat-
ment of C. pyloridis infection was possible. For analysis
of this group, nine patients in whom therapy was un-
successful (CLOtest still positive) were compared with
nine in whom the bacteria had been cleared (CLOtest
negative). In addition. the 18 patients described above
were compared with six C. pyloridis negative patients
who were biopsied twice and who did not receive anti-
bacterial therapy or bismuth.

DATA ANALYSIS

To see if the CLOtest reaction time correlated with
the number of bacteria seen on the biopsy. only CP+
patients with CLOtest reacting within 180 min were
studied (i.e.. accurately timed). Data on CLOtest reac-
tion times and numbers of bacteria were analyzed using
one-way analysis of variance by means of the SPSS-X
statistical package (13). Analysis of the trend between
numbers of bacteria and CLOtest reaction time used
polvnomial regression. Comparison of means « poster-
jori utilized Scheffé's and Duncan's tests. Comparison
of data on numbers of bacteria from microbiology and
histology used McNemar's related samples X" test. Be-
cause onlv CP+ patients were analvzed. bacteria num-
bers seen were grouped as O-1. 2. and 3. An average
grade for bacteria numbers was made by summing
histology and Gram stain grades for each patient and
grouping the result as 0-1 (category 1. low numbers of
bacteria), 2-3 (category 2. moderate numbers). and +4-
6 (category 3, many bacteria).

RESULTS

Pilot study in 52 patients

In this senies there were 27 CP+ cases. Twenty two
of these had a positive CLOtest result recorded at 20
min. Four more CLOtests became positive at 3 h and
one failed to react. This single “false-negative” result
was from a man with liver disease who was taking oral
neomycin for hyperammonemia. CP were not seen on
Gram stains and could not be cultured. but active
chronic gastritis was present and occasional organisms
were detected in silver-stained sections. The patient was
therefore defined as CP+. All patients with positive
CLOtest results (defined as a color change in under 24
h) had active chronic gastritis (Table 1).

There were four delaved CLOtest reactions (3-24 h)
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2. D and E. same patient | month after clearance of CP
'ms (now CLOtest negative). D. low power view after antibiotic
i shows normal appearance of the mucus-secreting epithelial
‘rrcew). They are now of regular height with parallel borders.
=k has an intracellular cap of mucus equal to about 50% of
depth (hematoxylin and eosin. original magnification. x | 20).
e power shows thart the lamina propria still contains a shight
>t small round cells and plasma cells ( arrows). This appearance
be graded as either “minor changes only™ or “mild chronic
i.” (hematoxytin and eoxin. criginal magnification. x400).

re described in detail. In three of these CP were
ed on Gram stain and culture. and in one case
tology alone. All had low numbers of CP present
: histology sections. One patient was on no ther-
ne was taking high dose antacids; one had ceased
veillin and bismuth subcitrate 7 days before en-
py: and one had delayed gastric emptving and
tken cimetidine 400 mg on the night before the
copy [very high doses of cimetidine inhibit CP i
3)]. The CLOtest in these patients reached an
> color after [2-24 h and then progressed to red
e cases by 48 h.

he 25 CP negative patients, only one case had a
le positive CLOtest result. In this patient the
st turned orange after 36 h. In this “false-posi-
eaction, the biopsy was large and was not com-
‘immersed in the gel, perhaps allowing urease-
“ing contaminant bacteria to grow. After the pilot
results had been analyzed. all color changes oc-

CAMPYLOBACTER PYLORIDIS-ASSOCIATED GASTRITIS 203

FiG. 2. Fand G. example of normal antral mucosa, £, elands are
plentiful. The lamina propna consists of loose connective tissue with
few |vmphoeytes or plasma cells and wirtually no polvmorphs. The
epithelial cells contain a thick intracellular mucus ciap and the ceils
show the normal “picket tence” arrangement (also seen 1n ¢ and D1,
thematoxylin and eosin. original magnification. %1201, . meher
power of £. Polymorphs are absent although occasional plasma cell:
can be seen (arrows), thematoxvlinand eosin, onginal magnineaton,
X400

curting after 24 h were ignored. No CP negative patient
in the pilot study had active chronic gastrins (Table |).

141 CLOtests TIMED AND REPORTED BY THE
ENDOSCOPIST

This series was obtained from 111 patients at |41
endoscopies: 18 patients were biopsied on two occasions
and six patients on three occasions. The initial clinical
and endoscopic findings of the 111 patients are sum-
marized in Table 2.

Seventy nine of the 141 biopsies were from CP+
cases. The CLOtest was positive in 73% of these within
20 min. 92% within 3 h, and 98% at 24 h. All CLOtests
reacting before 3 h gave a deep red color at 24 h. the
five CLOtests that took 24 h to react only reached
shades of orange at that time. CLOtests that had turned
orange during the first 24 h progressed to pink or red
by the third day. There were no false positive CLOtest
results when color changes occurring after 24 h were
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TaBLE |
Histological and Endoscopic Diagnoses. Pilot Study; CP+ Patients
with Positve CLOtest at 200 min

n Histology Endoscopy
4 ACG Duodenal ulcer [DU]
i ACG DU, gastric ulcer (GU]
2] ACG DU, hiatus hernia {HH]
1 ACG DU. esophagitis
2 ACG DU, antral gastritis [AG]
| ACG GU, Barrett’s esophagus. AG
1 ACG GU, duodenitis
1 ACG GU (healed), esophagitis. AG
1 ACG AG. duodenits
| ACG AG. esophagitis
4 ACG AG
1 ACG HH
N ACG Normal
CP+ patients with positive CLOtest at 24 h
1 ACG DU
1 ACG DU. GU
2 ACG DU (healed after antibiotics)

CP+ patient with negative CLOtest

1 ACG DU (on neomycin)

CP- patients with negative CLOtest
(histology verbatim from path reports)

3 Chronic atrophic gastritis HH (2)
Normal (1)
Pvloroplasty (2)
Esophagitis (1)
Esophagius, AG (1)
Large gastric residue (2)

6  Mild chronic gastritis

| Quiescent gastritis DU scar (1)
3 Past gastritis DU. GU (taking aspirin) (1)
AGth

Normal endoscopy (1)
Hiatus hermia (1)
Barrett’s esophagus (1)
AG (3

Normal endoscopy (7)

|1 Normal histology. or
minor changes only

CP— patient with “positive™ CLOtest (at 36 h)
| Normal histology Normal endoscopv

ignored. In the 141 consecutive cases tested there was
only one CP+ patient who was not detected by the
CLOtest. In this patient one of the histology specimens
contained only intestinal epithelium. and it is possible
that the biopsy put into the CLOtest was also intestinal
and did not contain the bacteria. The curve in Fig. 3
was obtained by combining data from the 141 accu-
rately timed CLOtests with the subsequent 130 in
whom CP status was determined (see “Methods™).

COMPARISON OF CLOtest. MICROBIOLOGY',
AND HISTOLOGY

Gram stain and culture in the routine laboratory
were not as sensitive as CLOtest. Seven biopsies with
negative Gram stains and cultures. but showing C.

-—
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pyloridis on histology. were CLOtest positive. One pos-
itive result reported by a junior pathologist had negative
CLOtest and negative microbiology. The histological
diagnosis was altered to CP— when the sections were
reexamined.

Microbiology, histology, and CLOtest results for the
141 accurately timed tests are summarized in Table 3.
Also included in Table 3 is the presence or absence of
active chronic gastritis. It can be seen that active chronic
gastritis was an extremely good predictor of the presence
of C. pyloridis, and that the converse was also true: i.e.,
in CP+ patients active chronic gastritis could be as-
sumed to be present.

64 CLOtests REPORTED BY THE
MICROBIOLOGIST

There were 32 CP+ and 32 CP— specimens as ascer-
tained by subsequent Gram stain and culture. CLOtest
correctly picked 29 of the positive cases at 3 h and the
other three at 24 h (by which time the Gram stain result
was also known to the technologist). Thus there was

TaBLE 2
Patient Breakdown: CP+ (%,

n CpP+ (Te)
Sex
Males 74 16 62
Femuales . 37 18 49
Total [11 64 hb)
Endoscopic diagnosis
Duodenal ulcer 30 33 92
Gastric uleer N | 0
Gastritis or duodenitis 19 13 68
Esophagitis 3 3 33
Healed duodenal ulcer® 18 6 33
Healed gastric ulcer* 2 0 0
Normal endoscopy a8 3 29
Total 111 64 33

* CP+ ulcers were treated with bismuth plus antibiotics. [t 1s not
usual for CP to disappear when ulcers heal on other types of therapy-

100
927 positive at
s 3 hours
CuMuU VE
Pg;‘l‘Cé&\’;‘rl T30 pomtive at
POSITIVE 20 minuses
503
271 CONSECUTIVE PATIENTS
158 CP+- 113 CP-
25
’ —
1] 0 40 60 N 120 2.3

REACTION TIME [min]

FiG. 3. Graph of CLOtest results versus time (0-180 min). Tb‘“__
graph includes data from the [41 accurately timed patients plus

. . . . ,\‘”’
consecutive patients subsequently biopsied.
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TABLE 3
valuation of CLOtest. Microbiology. Histology. and Gastritis,
as Indicators of C. pyloridis Infection

CLOtest Micro- ... Histology
_— Histology ———
20 min 3 h 24 b biology ACG Other
(9 59 73 78 72 79 76 3
~(62) 62 62 62 62 61 2 60
se-negative 20 6 | 7

se-positive |

1% concordance between the CLOtest and microbi-
ygy results. The histological data from this group
uld not be studied to confirm the microbiological
ulte, but we know from other studies that the isola-
n rate in the research laboratorv approaches 100%
- infected cases (9).

These patients were participating in a double-blind
al. and all had been CP+ before treatment. This
es is included to demonstrate that a negative CLO-
it 2 wk after antibiotic therapy is evidence of clearance
the bacteria.

EFFECT OF ERADICATION OF CP

Detailed analysis of the patients who were biopsied
‘0 or more times was undertaken. Active gastritis was
bdivided into mild. moderate. and severe and chronic
stritis into mild and moderate as described in ~Meth-
is". There were |8 patients treated for C. pyloridis
fection who were biopsied more than once: half of
ese were cleared of the bacterium. Six CP— patients
are also rebiopsied and are also included as controls.

Active chronic gastritis resolved in eight of the nine
itients in whom C. pyloridis was eradicated. ACG did
ot resolve in any of the nine patients in whom the
fection persisted (Fisher's exact test. p = 0.0002). The
P negative patients had no active chronic gastritis
itially, and no one developed it during the observation
anied (see Table 4).

-ORRELATION BETWEEN CP NUMBERS AND
CLOtest REACTION TIME

CP+ cases who had a CLOtest reaction time of 3 h
}‘less were used to examine the correlation between
action time and numbers of bacteria. In this group
le CLOtest had been accurately timed. Although a
®nd appeared in the histology results the correlation
fas not significant (p = 0.15). There was no significant
$scoiation between the time it took the CLOtest to
ract and the numbers of bacteria seen by Gram stain
'“Giemsa stain (see Table 4). However. when the CP
L!l_mbers scored by the microbiologist and histopathol-
Lglst were averaged there was a significant reduction (p
S 0.05) in the reaction time for those with many
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TaBLE 4
CLOuest Reaction Time vs Bacteria Numbers (+ve CLOtests
reacting within 180 miny

Reaction 95%
n Time (SD) Confidence
(min) [nterval
Gram stain
0-1 19 21 41 1-40
2 21 26 33 11-41
3 33 10 12 6-15
Total 73
Silver stain
0-1 16 25 42 2.5-47
2 38 18 27 9-27
3 19 11 ) 4-18
Total 73

bacteria (category 3) compared to those with few bac-
teria (categories | and 2 combined). Since the reduction
was only significant with Duncan’s test and not with
Scheffé’s test (the more conservative of the two) the
association can only be regarded as tentative. These
findings differ with those of McNulty and Wise (14)
and Morris et al. (13) who reported good correlation
between urease activity and C. pyvloridis numbers in
similar tests.

DISCUSSION

The first report of the isolation of C. pyloridis incor-
rectly stated that the organism was urease negative (16).
The error arose because we had great difficulty propa-
gating the new organism in 1982, The high urease
activity of the bacterium was later noted by Langenberg
or al. (17) and was subsequently used by Owen er ul.
(18) for rapid laboratory identification. The develop-
ment of the rapid urease test followed our observation
that the urea concentration was low in the gastric juice
of patients infected with C. pyloridis. whereas gastric
juice urea concentration in patients without gastritis
approximated that of the blood (19).

In our first attempts at a biopsy test. Christenson’s
medium (a laboratory medium for detecting urease in
bactenial cultures) was used. The gel changed color
when infected gastric mucosa was inserted. but the color
change usually took more than | h. We incorporated
the reagents into a small gel pellet to obtain the neces-
sary speed. but occasionallv a false-positive reaction
occurred. possibly due to contamination with alkaline
bile or the growth of other urease producing bacteria.
The addition of a bacteriostat and pH buffer enabled
us to control these factors: in particular. there were no
false-positive CLOtest results even in patients with duo-
denogastric bile reflux.

The population for the study was not entirely ran-

dom. There were almost no emergency cases. Most of
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«¢ patients were referred from general practitioners.
ther than being hospital inpatients. Because of this it
as usually possible to cease medications which may
1ve interfered with detection of the bacteria. well
sfore endoscopy. For instance, the procedure was post-
yned for 10-14 days when the patient had been taking
ismuth containing drugs or antibiotics.

.In this study we could not examine the possibility
1at patients with duodenal ulcer disease have more
astric urease than, for instance, patients with nonulcer
yspepsia. It is possible therefore that the excellent
ssults obtained with CLOtest will not be repeated in
wore random samples of CP infected dyspeptic pa-
ents. [n addition. the routine ingestion of milk on the
vening prior to endoscopy. may have enhanced the
rease content of the mucosa (milk contains urea). To
nable comparison of our patients with future studies.
‘e have included the endoscopic and histological find-
1gs of all patients in the pilot study (Table 1). All CP+
atients in the pilot study had histological active gastri-
s. In these 27 patients. there were |3 patients with
ctive ulcer disease. eight with antral gastntis and/or
ther lesions and only four who were endoscopically
ormal (includes two patients with “healed duodenal
lcer™. In the 25 CP— patients, there were eight with a
ormal endoscopv and six who had an esophageal
>sion. The only duodenal ulcer in the bacteria-negative
roup was in a patient who had taken nonsteroidal an-
linflammatory drugs. Table | compares well with our
bservations in previous studies (2. 3) in which CP+
satients tended to have abnormal endoscopic findings.
jarticularly peptic ulceration (p = 0.00004. Fisher's
1xact test).

Table 1 also demonstrates that a normal endoscopy
loes not exclude the presence of gastritis. We are not
he first to find that a normal endoscopy did not exclude
he presence of histological gastritis (20). The corollary
»f this observation has also been stated: the endoscopist
nust perform a mucosal biopsy in every patient so that
iistological gastritis is not overlooked (21).

In the accurately timed series of 141 CLOtests 75%
»f C. pyloridis infections were detected within 20 min-
ites of biopsy (Fig. 3 and Table 3). In practice. when
he CLOtest started to change color before 3 h, it always
'ontinued to deepen in color. reaching deep red or
yurple at 24 h. Thus there were no equivocal readings
»f CLOtests which had become positive in the first 3 h.
“ive CLOtests changed to orange at 24 h. These were
ead as positive and all five proved to be from infected
satients. Although we recognize that the number of
wch slow reacting CLOtests was small, a report from
inother center (13) and subsequent experience at this
10spital indicates that CLOtests which turn orange at
24 h are CP+.

Our results are almost identical to those reported by

Morris ¢f wl. (13) who tound compiete agreement be-
tween CLOtest and microbiology in a series of 70
patients. 48 of whom were intected with C. pyloridis.
In our series the sensitivity of CLOtest was 98%, and
the specificity was also 100%. [In order to refine these
figures we biopsied 130 more patients (79 infected),
after our detailed data were coilected. and obtained
identical results. The combined total of 271 accurately
timed CLOtests is described in Figure 3. In this large
consecutive series we did not see a false-positive result,
and only three false-negative CLOtests occurred.] .

We have included data on a series of 64 CLOtests
read bv the microbiologist because these were from
patients taking part in a randomized double-blind tnal
of antibiotic therapy for duodenal ulcer. All these pa-
tients were CP+ initially and about half became CP—
after therapy. The follow-up biopsies were always urease
positive tor CP+ patients (failed therapy) and negative
for CP— patients (successful therapy). Although the test
correlated with eradication of CP infection in all pa-
tients in this series. we have subsequently observed two
cases in which false-negative results were obtained with
CLOtest 2 wk after anubactenal therapyv. Because of
the decreased sensitivity of a urease test in these cases.
we therefore recommend that after anubactenal ther-
apv. 21 davs should elapse betore rebiopsy. and two
biopsies taken from different areas ot the antrum be
tested.

In our studv there was no significant association
between bacterial numbers seen at microscopy and the
rate at which the CLOtest changed color in infected
patients (Table 4). Perhaps a slower test such as that
used by McNulty er al. (11) would have given better
resolution of actual reaction time. It is inconvenient to
examine CLOtest before the endoscopy i1s complete so
In many cases a very rapid reaction would have been
noted only at 3 min. Another possibility 1s that orien-
tation of the biopsy in the gel could affect the reaction
time, a problem which would not be encountered in a
liquid medium.

We did not set out to test for a correlation between
CLOtest reaction time and bacterial numbers seen on
Gram stain or histology so bacterial numbers were only
estimated retrospectively from descriptions in the mi-
crobiology and pathology reports. We noted a statisti-
cally significant difference between numbers of bacteria
reported by the two methods (McNemar's test. p <
0.02), the Gram stained smears producing higher
counts. The poor correlation between CLOtest reaction
time and bacterial numbers detected by Gram stain
and/or histology suggests that the reported association
between the two (14, 15) is weak and that C. pyloridis
organisms. like gastritis, have a patchy distribution.
Patchiness of bacterial colonization is especially likely
in patients who have intestinal metaplasia of the stom-
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ach. & tvpe of epithelium not colonized by C. pvloridis
(5).
Our study confirms the association between C. pvlor-
idis infection and active chronic gastritis reported by
ourselves and others (1-3. 22, 23). As shown in Table
'3, the presence of polymorphs in a biopsy was an
" excellent predictor of C. pyloridis infection. Of patients
with active chronic gastritis 97% had C. pvloridis.

The almost universal presence of active chronic gas-
tritis in CP infected patients contradicts the findings of
Jones et al. (24) who found that gastritis was associated
with C. pvloridis infection. even when polymorphs were
not increased. Our inclusion of two biopsies for histol-
ogy enabled us to have at least one adequate biopsy
specimen from every patient whereas other investiga-
tors inay have had to compromise when only a single
biopsv was examined by the pathologist. Perhaps in the
study of Jones er al. (24) a mild increase in polymorph
numbers was included as part of their normal range.
Alternatively. our patient group may have differed from
that of Jones et al. (24). perhaps containing a much
higher proportion of patients with duodenal ulcer dis-
ease. Our histological findings are in agreement with a
similar series reported by Ho er al. (22) who found
ACC and CP infection in 98 and 99%. respectively. of
109 matients with duodenal ulcer.

We have included data on the healing of gastritis
because it is not generally recognized that histological
gastritis can be treated (23). Type B. or antral gastritis.
is thought to be an aging process by some (26) or due
to damaging agents such as bile by others (27). The
association of gastritis with peptic ulcer disease 1s well
kiroven. but chronic gastritis alone has not been proven
to cause dvspeptic svmptoms.

One of the difficulties in the study of gastritis has
been the complicated nomenclature. and the tendency
of other authors to merge terms such as atrophy and
intestinal metaplasia with those descnibing gastritis (23).
To avoid this problem we have restricted the term
“gastritis” to mean tissue which contains an excess of
inflammatory cells. usually polvmorphs and/or plasma
cells and lymphocytes. In this scheme the most severe
form: is that containing polymorphs and mononuclear
cells. “active chronic gastritis™ which almost always
transforms to a less severe grade of “mild chronic
‘gastritis” after eradication of CP.

. As shown in Figure 4. polymorph infiltrations dis-
iappeared in biopsies from eight of the nine patients in
~Wh0rn C. pvloridis was eliminated. This produced a
'Stnl\mg change in the appearance of the mucosa. In the
,mmal biopsy of a patient with severe active chronic
’Easmus a dense infiltrate of mononuclear cells and
DOleorphs was present (Fig. 2.4), polvmorphs invaded
;the necks of the glands (Fig. 2 B), epithelial cells were
damaged (Fig. 2.4), and curved bacilli were present
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FiG. 4. Gastritis grades in patients who were rebiopsied after
antibacterial therapy. The initial and final biopsies are inctuded for
24 patients: 18 of whom showed C. pyloridis and six who did not.
Nine of the CP+ cases were cleared of CP and the gastritis improved.
In the nine who were not cleared of CP. active chronic gastntis
remained. In the six patients who did not have CP. there was no
change in the near normal appearance of the mucosa. Note that [he
lowest grade seen in any of these biopsies was “mild chronic gastritis:”
none of the treated patients returned to complete normality.

(Fig. 2C). Two weeks after completing therapy. poly-
morphs had completelv disappeared and mononuclear
cells were greatly reduced in number in the lamina
propria (Fig. 2 D). The epithelial cells were then normal
(Fig. 2E) burt the biopsy still contained a slightly in-
creased number of plasma cells as compared tc a com-
pletelv normal specimen (Figs. 2 /" and ().

We emphasize that the changes described herein are
not unusual. As demonstrated in Figure 4. which de-
scribes a subset of patients trom the |41 accurately
timed series of CLOtests. healing 1s the norm after
successtul antibacterial therapv. When the bactena dis-
appear. the histological gastritis shows a marked im-
provement. In contrast. active chronic gastritis contin-
ues in patients with persistent C. pyloridis infection.

Marshall ef a/. (28) were the first to report healing of

active chronic gastritis and disappearance of C. pylori-
dis in patients treated with bismuth subcitrate (DeNoD.
That study could not exclude the possibility that the
gastritis healed because of a “mucosal protective etfect”
of bismuth. unrelated to its antibacterial acuvity. Pro-
ponents of this view maintained that only intlamed
mucosa was susceptible to colonization by C. pyvloridis
which was therefore an opportunistic invader rather
than a primary pathogen (29). This controversy is ad-
dressed bv the present studv in which 18 patients were
given 14 days of concurrent therapy with bismuth
subcitrate and antibiotic. When they were rebiopsied 2
wk after ceasing therapyv the gastritis had improved in
all patients cleared of C. pyloridis but the histology did
not change in patients who still had C. pyforidis intec-
tion (Fig. 4). As all patients received bismuth therapy
the results suggest that bismuth has no antiinflamma-
tory action except that which comes from its antibac-

Lo
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terial action. Therapy for gastritis must therefore erad-
icate C. pvloridis to have a lasting effect.

We now use the rapid urease test to select dyspeptic
patients who might benefit from antibacterial therapy.
CLOtest positive patients are prescribed a 21-day course
of colloidal bismuth subcitrate (De-Nol) tablets. Recent
work by McNulty er al. (12) suggests that DeNol could
be replaced by Pepto Bismol (bismuth subsalicylate)
which is more widely available. As shown in Table 3
and Figure 3, therapy may be commenced immediately
in the 92% of infected patients who are detected before
lcaving the hospital (3 h). After 10 days the patient’s
general practitioner telephones the hospital microbiol-
ogy department for the antibiotic sensitivity results and
gives the appropriate antibiotic concurrently with the
De-Nol from days 11 to 21 of the course: (usually
tinidazole 1 g dailv. amoxvcillin 2 g daily, or erythro-
myvcin 2 g daily for tinidazole-resistant organisms).
CLOtest thus saves patients a second visit to the gas-
troenterologist in most cases. and enables the general
practitioner to resume management of the patient im-
mediatelv. As all 1solates of C. pyloridis are sensitive to
bismuth. all patients are immediately on effective an-
tibacterial therapy and are not subjected to the nisk of
a useless antibiotic.

In conclusion, the rapid urease test 1s a sensitive. and
highly specific indicator of C. pvioridis infection. Its
routine use enables gastroenterologists without micro-
biological expertise to diagnose C. pvloridis infection.
The test 1s a useful aid to the management of patients
with gastrius.
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Summary 100 consecutive patients with both

duodenal ulcer and Campyilobacter pylori
inlction were followed up to see whether eradication of
C pvlori affected ulcer healing or relapse. Patients were
randomly assigned 1o 8 weeks of treatment with cimetidine
or colloidal bismuth subcitrate (CBS), with tinidazole or
placebo being given concurrently from days 1 to 10,
inclusive. Endoscopy, biopsy, and culture were done at
entry, in weeks 10, 22, 34, and 62, and whenever symptoms
recurred, There was no maintenance therapy. C pvfon
persisted in all of the cimetidine-treated partients and in 95%
of those treated with cimetidine: umdazole, but was
tradicated in 27% of the CBS/placebo group and 70% of the
CBS ‘tinidazole group. When C pylori persisted, 61% of
duodenal ulcers healed and 84% relapsed. When C pulon
Was cleared 92% of ulcers healed (p < 0-001) and only 21%
felapsed during the 12 month follow-up period {p < 0.0001).

Introduction

THE association between peptic ulcer disease and antral
Bastrius has been well deseribed and is especially strong for
duodenal uleers (DU).! When we observed that over 90% of
Pur DU patients were colonised with € campylobacter
Pylors* we suspected that the bacterium caused the discase.

is view was strengthened by observations that colloidal
bismuth subcitrate (CBS, [‘De-Nol', Gist Brocades, Delft,
Hnll-and]). which inhibits the growth of € pylor, led to
hcIlling of duodenal ulcers as effectively as did the H.-

receptor antagonists and prevented duodenal ulcer
relapse.*s

In a pilot study, we observed long-term eradication of
C pylort in some patients treated with CBS-antibiotic
combinations.® Here we describe how we tested the
hypothesis that persistence of C pylort after ulcer healing is
related both to active chronic gastritis and ulcer relapse.

Methods
Patient Selection

Patents had to have a duodenal or pyloric canal ulcer at
endoscopy of ar least 3 mm diameter, aged 18 to 75 years and, apart
from their DU, be in good health. Those known to have taken
bismuth-containing  drugs, antbiotics, non-steroidal  anti-
inflammatory drugs, or corticosteroids in the month before
diagnosis were excluded, and these drugs were forbidden for the
duration of the study, except as required for the treatment regimen.
Patients who had undergone gastric surgery more extensive than a
selective vagotomy and pyloroplasty, had gastric uleers greater than
5 mm diameter, or had a contraindication to gastric biopsy werealso
excluded. Female pauents were required to practise contraceplion
dunng the trestment phase of the study. The study was approved
by the Royal Perth Hospital Human Rights Committee in June,
1984, and conducted at the hospital berween Apnl, 1985, and
August, 1987.

Endoscopy and Biopsy

Four biopsy specimens were taken from antral mucosa 5 cm
proximal to the pylorus. The first specimen was for a rapid urease
test (‘CLOrtest’, Delta West, Perthl,” the second specimen was for
microbiological examination, and the other two were for histological
examination. Two biopsy specimens were also taken from the
duodenal cap for histwlogical examination—one from  intact
duodenal mucosa away from the ulcer, the other from the distal
border of the ulcer.

If the CLOtest on the first ancral biopsy specimen indicated the
presence of urease (C pyfon presentd the patent was randomly
assigned to one of the wial therapies. [ the CLOtest was negative,
the patient was given a consecutive study number but no thermpy
was assigned untl proof of C pylor infection was obtained on
histological examination or culture, If C pylort was not detected by
histology or culture (7 patients), the patient was removed from the
study and treated conventionally,

Doctors who managed the patients were blinded to the histology
and microbiology findings except for those required  for

8626,8627 © The Lancet Lid, 1988
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Fig 1—Study design.

randomisation. Endoscopic and laboratory findings were not
revealed to patients unless they had completed, or were being
removed from, the study.

Histology Methods

Pathology specimens were placed in buffered formol-saline,
mounted in paraffin, and stained with haematoxylin and eosin
(H&E) for general cytology and histology, and with Giemsa and also
Warthin Starry (WS) stains 1o show the bacteria.

The H&E section was graded under low and medium power for
gastrits, as previously described.® Polymorphonuclear neutrophil
leucocytes (PMNs) and mononuclear leucocvtes (monos) were
scored 0 to 3. A gastrits “‘grade” of 0—6 was obuained by adding
these scores.

All specimens were then examined for the presence of
Campylobacter-like organisms (CLO) in the H&E, Giemsa, and
WS stained sections.

For microbiological examination, a corner of the specimen was
cut off with a sterile scalpel blade and a gram stain of that material
was examined for CLO. The remainder was ground and cultured
on selective and non-selective media for 6 dayvs.® C pvlori organisms
were identified as gram-negative curved rods which produced
catalase, urease, and oxidase. The susceptbility of each isolate to
tinidazole was determined as reported elsewhere.’

Randomisation and Therapy

Patients were stratified for gender, age, smoking, and duration ol
ulcer disease. Within each group, the four therapies were assigned in
random order. Patients received either cimetdine {CIM), 400 mg
twice a day, or colloidal bismuth subcitrate {CBS,'De-Nol’) one
tablet four times a day (480 mg bismuth per day calculated as Bi,O,).
CBS was given on an empty stomach, 30 min to | h before meals and
at bedtime, Patients also received either tinidazole {T) 500 mg twice
a day (‘Fasigyn’, Pfizer, Sydney?), or an identical placebo (p) from
the first to the tenth day of therapy, The four treatment groups were
cimetidine ‘placebo  CIM p), cimetidine tinidazole (CIM T,
CBS. placebo (CBS p}, and CBS tinidazole (CBS T).

To blind the endoscopist to the temporary staining of the mouth
and stools seen in some patents who take CBS, all therapy was
withdrawn for 14 days before the second endoscopic examination at
week 10. Patients with probable ulcer symptoms and:or ulcer
craters were withdrawn from the study. Padients who were well and
whose ulcers had healed were examined by endoscopy and biopsy
22, 34, and 62 weeks after entry : fig 1. There was no maintenance
therapy, and parients were cautioned not to take antibiotics,
antacids, or bismuth-containing drugs

During therapy, problems with medication eg, severe pain or
possible side-etfects. were managed over the telephone by the
pharmacist who had usually not seen the patient but who did have
access to the treatment codes, After therapy, if svmptoms recurred,
they aso called the pharmacist Gt availableor the investigators in an
emergency. As far as possible there was no communication between
patients and the chief investigator, so that the ulcer drug given
remained investigator-blind,

Before each endoscopic examination the patient, with the aid ol'a
research assistant, completed a symptom questionnaire and Zung
depression scale.' Vital signs were then recorded, a briet physical
examination was done, and a blood sample was drawn for C pylor
serology.!!
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Completion Critena

Patients completed the study if they had an ulcer (unhealed ulce,
or relapse documented endoscopically) at any time after completing
therapy; if their symptoms persisted during and after therapy, o
recurred (symptomatic relapse); or if they remained ulcer-free ang
symptom-free and completed the follow-up period of 12 monthg
(Hig 1).

Study Design and Analysis

At each evaluaton, C pvlori-positive (CP+) patents were
defined as those in whom the bactenia were detected by culture or
histology. C pvlori-negative (CP — ) patients were those in whom ¢
pylori was not detected by culture or histology.

For the stadstical analysis and tables, patients were grouped as
healed/unhealed at 10 weeks (second endoscopy), and relapsed/not
relapsed at 62 weeks (1 year post-treamment). Patients with healed
ulcers but persistent ulcer symptoms at the second endoscopy were
therefore grouped as “healed DU” and “‘symptom relapse 0 weeks
after healing”".

For comparison of the treatment groups at baseline, a one-way
analysis of variance was used for continuous variables and a y2 test
was used for nominal or ordinal scale variables. Life-table analysis
was done using the survival analysis available on the SAS package.
The results obtained were consistent with significance values
calculated with a Fisher's exact test, so for simplicity only the latter
values are cited in the text, Histology grades were compared with
Wilcoxon’s test.

Results

Of 107 consecunve eligible pauents with duodenal ulcer,
7 were withdrawn from the study because C pylori could not
be detected on histological examination or culture. Thus 100
patients were randomised to therapy. There were no major
differences between the four treatment groups (table 1).

All except 2 patients completed all aspects of the study. 1
man did not attend for his second (weck 10) endoscopy
because he felt well and had taken a job in the outback. 3
weeks later, during an apparent ulcer relapse with vomiting
episodes, he had a mvocardial infarction. Barium meal
revealed a duodenal ulcer crater 145 cm in diameter and €
pvlort was found at endoscopy in week 23, For the analysis
he was classed as CP +, healed, with subsequent relapse i
week 15. A second man left Australia, bur before his
departure in week 29 he was endoscopically and clinically
normal with a CP — biopsy.

Effect of Therapy on C pylori and Gastrirls

CIM p had little effect on C pvlori. All 22 patients
taking only camectudine had the organism at the sgcond
and subsequent evaluatons (table 1), CIM T eradicated

FABLLE I=BASELINE COMPARISON OF PATIENTS

[ cBs P CBS T o CIM p | CINCT Al grous
Vartable n=2 =27, p=22ia=x o=l
Male sex Mo 16 72% 19 70" LT TTY 10 ot
Smokers " 12 53", 015 Sota t1 SuT, (5 a2,
Previous uleer (" a 200 0T, 25 uRt L0 Ret, T2 R
Maun age vt oo 0 422 LA 45
Mean duration o | | i
disease (v | hil 14 s o1z 1o
Duration of current | , | 3
episode wk) To 1o 65 | 2 42
Pain score (0-10Y a I B
enry | 58 33 71 5l ;":
. g | |
L;Iccrduuru:lcr(mm.l llH. ‘ 132 130‘ | :1_‘ l/
Significance of dillerence between groups for pan score at enery U HP g

for all other variables
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TABLE II—HEALING AND RELAPSE DATA BY THERAPY AND
BY C PYLORI STATUS AFTER THERAPY

Unhealed/ Relapsed
healed at
Group (n) 10 wk 3 mo 6 mo 12mo | Well (%)

CiMip

CP+ (22) 9/13 9 2 1 1} 59

CP- (0) 0 0 0 0 0
CIM|T

CP + (28) 7121 13 2 3 3}14%

cP—- (1) 0/1 0 0 0 1
CBS/p

CP + (15) 7/8 5 2 0 1 =

cP- (5) 05 1 0 0 4}32/"

Recrudescent (1) 0/1 0 0 0 1

Reinfected (1) 0/1 0 0 0 1
CBSIT

CP+ (D 512 0 0 0 Ners

CP- (19) 217 2 1 1 13}5M

Recrudescent (1) 0/1 0 1 0 0
All CP+ cases (72) 28(44 27 6 4 7-10%
All CP — cases (25) 2{23 3 1 1 18-72%
Recrudescences (2) 0/2 0 1 0 1
Remnfection (1) 0/1 0 0 0 1
Column rotals (100) 30 30 8 5 27

C pylori in only 1 of 29 patients (4%). The antibiotic failed
because a tinidazole-resistant isolate emerged in nearly all
cases in which CBS was not being taken concurrently® (see
below).

CBS/p led to clearance of C pylort in 7 of 22 patients
(32%). Recrudescence of infection occurred in 1 patient, so
the eradication rate for CBS/p was 27% (6/22), which was
significantly better than that obtained with CIM/T
(p=0-:02, or CIM/p (p =0:01). CBS/T cleared the infection
in 20 of 27 patients (74%), and 19 of these patients remained
CP — during follow-up—these findings were significantly
better than the result obrained with cimetdine (p <0-0001)
or CBS alone (p < 0-01). When the initial C pylori isolate was
sensitive to tinidazole in vitro, the bacterium was eradicated
by the CBS/ T combination in 85% of cases.®

Of the 28 patients cleared of C pvlori at the 10-week
biopsy, 3 were later found to have C pylori. 1 man given
CBS/p was CP + at the 22-week study. He had oesophagitis
with mild symptoms but did not have a relapse. A woman
given CBS/T became CP + at 22 weeks and began to have
symptoms at 25 weeks. We believe thar these 2 patients had
recrudescent infections and that the 10-week Dbiopsy
specimens, immediately after treatment, gave false-negatve
results. They were included in the healing analysis as CP —
after therapy but were excluded from the relapse analysis.
One reinfection occurred. A man given CBS/p was CP — at
the 10- and 22-week endoscopies, but histological evidence
of gastritis and C pvlori were noted at the 34-week study. He
remained well and completed the study. He was included in

Grade
1-6

b LZicP ersdicated S CP orasent

“Brlore
iheraor

1 [
22 34 a2
Week of biopsy

=« pt0 001 {Wilcoran!

Fig 2—Effect of eradication of C pvlors on gastritis grade.
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both the healing and relapse analyses and grouped with the
CP — parients (je, patients in whom C pylor: was eradicated
by therapy).

Clearance of C pylori organisms resulted in improvement
in the histology. PMN scores decreased from 1-79 to zero in
patients cleared of C pylori (p <0-0001). In contrast, PMN
scores were unchanged in patients with persistent infection
(average grade after therapy 1-74 [SD 0-62)). Mononuclear
cell scores also improved significantly, falling from a mean of
2'5 (0-5) to 1-6 (0-5) in patients cleared of C pylort, but not
changing in patients with persistent infecdon (p < 0:001) (fig
2).

Ulcer Healing

Healing occurred in 92% of patents in whom C pylori
was not detected at the 10-week endoscopy, whereas only
61% of patients with persistent C pylort healed (43/71)
(p=0-001).

Ulcer and Symptom Relapse

There were 70 patients with healed ulcers at the 10-week
endoscopy, 35 of whom had received cimetidine. During the
12-month follow-up period, relapse occurred in 12 of 13
CIM/p patients (92%) and 18 of 22 CIM/T patients (82%)
(fig 3). This difference was not significant. The relapse rate
for all cdmetidine-treated patients was thus 86% in 12
months.

In the CBS/p-treated group, 8 of 15 had a relapse (53%).
The relapse rate was less than that in the combined
cimetidine groups (p =0-027). In this group, all 7 patients
whose ulcers did not heal were found to be stll CP+
(p=0:037). In those whose ulcers healed bur were still
CP +, relapse then occurred in 87% (7/8), whereas only
17% (1/6) of CP — cases relapsed (p < 0:026) (table 11).

Of 20 patients whose ulcers healed with CBS/T only 5
went into relapse (25%). This was clearly better than the
result in the combined cimetidine groups (p <0-0001).
Although maintenance of remission was commoner with
CBS/T than with CBS/p, the difference was not significant
(p=0:15). However, if with unhealed ulcers and relapses
patients were combined for analysis as ““treammnent failures”,
CBS/T therapy was superior to CBS/p (12/27 failed vs
17/22, p=0-04).

The observed differences in relapse berween the four
treamment groups could be accounted for by C pylort.
Excluding the 2 patients with recrudescent infection, relapse

100,

% remission

|
|
oL —
o 1 2 2 4 5 ] 7 8 9 10 " ° [k} 14 15

THERAFY —— CiMp CIMT - eees CBS/p  ~-- CBST

Fig 3—Effect of treatments on relapse.
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Fig 4—Differences between CP + and CP — groups on relapse.

occurred in 84% of CP + patients (37/44) but in only 21%
(5/24) of the CP — patients (p <0-0001) (fig 4).

The clinical picture at relapse was more acute and severe
in CP+ than in CP— patients. 5 CP— patients with
relapses completed the study at the appointed follow-up
endoscopy times; none of them had symptoms severe
enough to warrant endoscopy. In contrast, 8 of the 38 CP +
patients who went into relapse required an additional
endoscopic examination because of severe ulcer symptoms
(p=0-033).

Of the 2 patients with recrudescent infection, | went into
relapse. The sccond, and also the reinfected patient,
completed the full 12-month follow-up period.

Sex, age, smoking, and history of a previous ulcer had no
significant effect on relapse provided C pvlort had been
eradicated (table 111). 28 padents with three or more of these
risk factors did not relapse more often when C pyvlort had
been eradicated. In contrast, of 16 CP + patients with three
or more risk factors the relapse rate was 100% (p =0-04).
Relapse was also more common in CP + padents if they
smoked (p =0-03), but in this study male sex or increasing
age was not a disadvantage in CP + patients.

Gastric Metaplasia and C pylori in the Duoderon

At the first endoscopic examination, adequate ulcer
border and duodenal bulb biopsy specimens were obtained
from 88 of the 100 CP + patients. Gastric metaplasia was
more common in the ulcer border than in the adjacent bulb

FABLE HHT—SUCCESS OF THERAPY BY SEX. AGE, SMOKING.AND ULUER
HISTORY

All healed patients (n = TLl"i CP cradicated healed .n =24
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DU border Adjacent bulb

Fig 5—Gastric metaplasia in duodenal ulcer border and adjacent
bulb.

(92% ws 63%, p=0-0001), but C pylort was present in about
half of the areas of metaplasia seen, irrespective of its location
(fig 5).

Effect of Therapy on Symptoms

For patients whose ulcers healed and who remained in the
study after the second endoscopic examination, there was no
difference among the four treatment groups in response of
symptoms to therapy. The Zung scale was significanty
lower for patients cleared of C pylorr (mean Zung
score =0-32) than for patients in whom C pylort was
detected at the second endoscopic examination (mean Zung
score = 0-38). The difference was significant even though
patients whose ulcers remained unhealed or relapsed at 10
weeks were excluded from the analysis (p = 0-014, analysis
of variance). The difference increased slightly during the
follow-up period, with mean Zung values of 030 and 0-37
for the CP — and CP + patients, respectively, at the third
endoscopic examination (p = 0:003, analysis of variance).

Side-Effects

There were more side-effects in patents who ceceived
tinidazole compared with those who did not, but the
difference was not significant. 2 patients taking CBS T had
severe diarrhoca ‘but were able to continue therapy: and 2
others noticed more frequent stools. 2 patients compiained
of a temporary ‘‘burning anal irritation” while 3 others
complained of cructation, flatlence, or bloating.
Constipation was uncommon. 1 case of oral candidosis
occurred in each of the cimetdine groups.

Discussion

[n the early 19808, interest in bismuth compounds wis
revived when it was noted that the relapse rate for duodenl
uleers fell when ulcers were healed with CBS.** The abiliy
of CBS not UI‘Il_\' e heal but also w cure some ["'-"‘I‘l‘: of the
disease suggested o us that it had another acnon hesides
mucosal protection. an action directed at the underlymt
duodenal uleer diathesis,

The isolation and culture of € pyforr and its asxocianon
with tpe B gastries led o the hypothesis that dhis e
bacterivm  was  the  cause ob the gu_\(r\\dtlndyilﬂl
inflammation ur pactents with dundenal uleer. The findings
that € pylore was inhibited by some bismuth salts.” and tht
suppression of infecton led w healing of gastrion’ lent
further support o the thesis that the uleer diathesis Wi
closely related w Campylobacter pyfort gaseritis,

How bacterial mtection m the antrum can 1
ulcerntion in the duodenal bulb is at present unkno
However. we found gastric metaplisin in over 90" of i
duodenal uleer borders; and adherent (C pulorr Were alse
commonly found in this location, more so than elsewhert o
the bulb. The known association between (0 pylort a
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active duodenitis with gastric mertaplasia'? suggests that the
bacterium causes “gastritis” in the bulb, just as it does in the
antrum. Other reported abnormalities such as deficient
mucosal bicarbonate secretion!® could be direct or indirect
consequences of this action.

When the present ulcer trial was planned in 1984, the aim
was permanent eradication of C pylori, in a controlled
fashion, from patients with duodenal ulcer disease. We had
no clinical experience with tinidazole in combination with
cimetidine, but in-vitro studies suggested that tinidazole had
high activity against C pylori. [n this study, the development
of tinidazole resistance by C pylori enabled the bacterium to
survive in 28/29 patients treated with CIM/T. CIM/p had
no effect on the presence of C pylort, as was expected.

The two cimetidine therapies produced very similar
healing and relapse rates, and C pylori was not cleared in
either group. CIM/p and CIM/T patients were therefore
combined in the analysis to give one CP+ cmetidine-
treated control group.

C pvlori was cleared from 30% of those treated with
CBS/p and 74% of those treated with CBS/T.

In 92% of patients cleared of C pylor: the ulcers healed
(26/28), but for those with detectable C pyvlori after therapy
the healing rate was only 61% (44/72). These data support
findings reported by Bayerdorffer et al,"* who noted
enhanced DU healing when the quinolone antibiotic
ofloxacin was added to standard ranitidine therapy. In our
study no individual therapy had superior healing propertics.
In the CBS groups, any advantage conferred by rendering
patients CP — may have been diluted by slightly worse
healing in patients who remained CP + . For example, in 50
patients who remained CP + after cimeridine therapy, 34
had ulcers that healed (68%), but in 21 patients who
remained CP + after recciving CBS, only 9 had ulcers that
healed (42%) (p =0:06). The trend suggests that healing of
ulcers with CBS is related more to its antibacterial action
than to its “mucosal protective” action.'*

The poor healing seen in our two cimetdine-treated
groups may have been an artifact produced by our study
design. In studies in which higher healing rates have been
reported with H,-receptor antagonists,'®!” partients were
assessed while still taking the drug. In our study some
patients whose ulcers healed at 8 weeks could well have
relapsed by the second endoscopic examination at 10 weeks.
As a consequence, these patents completed the study as
“unhealed” rather than as “relapsed™.

Of the 28 patients who were CP - at the [0-week
endoscopy, 2 had ulcers that had not healed and 2 had rapid
recrudescence of the infection. leaving only 24 CP -
patients who could be observed for ulcer relapse. Sequential
biopsy of these patients over a 12-month period
demonstrated that C pyvlori could be permanently eradicated
and that reinfection is unusual in adults. Only 1 patient had
reinfection as we defined it Our data support those of
Rauws et al,'® who reported a similar incidence of C pylor
reinfection—about 5% per annum.

Of the patents from whom C pylorr was eradicated and
whose ulcers healed, only 21% went into relapse. The
stanstical signiticance of the result in such a small samiple
Means that eradicanon ot ¢ pvlor had a considerable
clinically useful benefit. In accord with this, when CRS por
CBS T did not eradicate € pylori, the relapse rate was no
different from that in the cimetidine group. Thus, presence
of the bacterium, not type of therapy, was the factor which
determined relapse. The findings support those  of
COghlan_.“’ who noted that the benetit of bismuth therapy

% success

I LL\—L
1
]
o 1 2 31 4 5 8 7 & 3 10 N 12 13 M4 5
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Fig 6—Differences between treatments by % success of therapy.

over H,-blocker therapy was confined to those patients in
whom C pylort had been eradicated.

In other studies of ulcer relapse, the importance of age,
sex, and smoking have been emphasised,® perhaps because
they were the only factors other than continuing ulcer
therapy that seemed to make any prognostic difference.
How important are they compared with C pvlor?
Apparently they are of secondary importance. Once C pylort
had been eradicated the patient did well, even if he (or she}
smoked, or had a previous history of severe relapsing
disease, or had multiple adverse factors. On the other hand,
patients with persistent C pyvlort infection had an adverse
prognosis if they had multiple risk factors, or if they smoked.

A one-time therapy which both heals duodenal ulcers and
stops relapsc is, by definition, curative. In future studies the
distinction between unhealed ulcers and ulcers which
relapse within 12 months of therapy may be unnecessary
since both outcomes are really treatment failures.
Conversely, by defining treaument success as a patent
whosc ulcer heals and who remains well for 12 months
without therapy, a stnking difference is evident between
conventional H,-receptor antagonist therapy and our anti-
C pylori therapy. Treatment success in patients treated with
CIM, p was 5%, with CIM T 14%, with CBS 'p 32%, and
with CBS T 56% (fig 6).

Our results imply that C pylort 1s the most important
actiological factor so far described for duodenal ulcer. We
propose that detection of C pvlori should be part of the
routine management of patients with acid peptic discase and
eradication of the bacterium a major therapeutic goal.
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DUODENAL ULCER RELAPSE AFTER
ERADICATION OF CAMPYLOBACTER PYLORI

Sir,—Professor Lam iFeb 18 p 384) crideises our study. We
wish o reply.

Eradication of Campylobaceer pylord in our patients was associated
with a much longer remission of healed duodenal ulcers and the
apparent raie of healing was also higher, The apparent ulcer-healing
rate at follow-up endoscopy was low in our patient group in which
C pvlori was not eradicated (CP + ve patients), irrespective of the
therapy. Our Table 11 shows healing in 4+ 72 (61%) CP +ve
patients, Since 27:44{61°4) of these healed ulcers relapsed before 3
months, we cannot see why it s difficult o understand our
suggestion that others probably retapsed before the first tollow-up
2 weceks after therapy ended. Even if the argument is not
substantated, itis not unreasonable. The fadure eates at 12 mondhs
were the same for both amendine (46 50, 92%%) and colloidal
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ocitrate (CBS) (19/22, 86%). We agree that our patients
as Lam says, since all patients are unique.
fort was taken to keep the trial blind. Follow-up was
eks after therapy ceased (so that mouth-staining would
} by the endoscopist) and communication was avoided
je clinician and the patient before gastroscopy. More
7 the pathologist and microbiologist were independent;
y knowledge of the therapy and neither the clinician nor
knew of the presence or absence of bacteria. Thus we do
1at the title is misleading.
‘ntions that our definition of ulcer relapse includes “any
of ulcer symptoms”. This is almost correct—our
:re treated as in normal practice. If they complained of
requiring therapy, they were considered to have relapsed
7 (32/43, 74%) an ulcer was found on gastroscopy. We
unreasonable to call such patients “successfully treated”
arecurrence of symptoms but did not have an ulcer crater
py.
ee that “bismuth not cimeridine is associated with
f campylobacter”, but if Lam really believes we did not
. against investigator or patient bias”, we suggest he
the following. There is no way to demonstate CBS
| histology or microbiology, unless Lam thinks that the
f gastrids and campylobacter, only seen with CBS
auses observer bias. All bias can thus be eliminated by
g only the group of patients treated with CBS. This
CP +ve patents, 10 (45%) healed at follow-up and 3
| healed at 12 months; compare this with 24 CP ~ve
2 (92%) healed and 17 (71%) still healed at 12 months,
ole was not intended to “differenuate cimetidine and
nor for that matter was our study. If Lam is interested in
he should examine our results for CBS with or without
which show an improvement with tnidazole. We were
ng the effect of the eradication of C pvlori, not the effect of
1, CBS, or tinidazole per se—our results should be viewed
aspect.
itribution of campylobacter is patchy, as stated by Lam,
1t a microscopic level and, with improved methods, we
e contradictory results. In this series no CP + ve patient
uve histological findings and culture without treaunent
| patient gave rwo successive negative biopsy specimens
v a C pylori positive culture (probably a true re-infection).
i includes about 450 biopsies on 100 patients. Under these
nces we consider “eradication” a correct and justified

rk was designed to show the effect of the eradication of
n duodenal ulcer relapse. [t was never intended as a drug
etdine is an ulcer-healing agent but will not cradicate
dur results suggest that eradicauon of C pylort is associated
imatic reducuon in the relapse of healed ulcers.

ficine,

ces Center,

{ Virginia,

le. Virginia 22908, USA BARRY J. MARSHALL
Hospital, J. RoBIN WARREN

'm Australia C. STEWART GOODWIN
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1e “C-urea breath-test for the detection of gastric

impylobacter pylori infection

(for editorial comment, see page 426; see also page 431)

Ivor Surveyor, C. Stewart Goodwin, Brian P. Mullan, Elizabeth Geelhoed, ). Robin Warren,
Raymond N. Murray, Tom E. Waters and Christopher R. Sanderson

TRACT A breath-test has been developed for the detection of gastric
-tion with Campylobacter pylori. Urea that is labelled with carbon 14
jministered to a fasting patient and the patient’s breath is sampled for
nactivity over the following 30 minutes. 1f C. pylori is present in the
ent’s stomach, urease activity causes hydrolysis of the urea and the 14C
ysorbed as carbon dioxide. This carbon dioxide enters the patient’s
rbonate pool and eventually is excreted in the breath. The results are
‘essed as a percentage of the administered dose/mmol carbon dioxide
g body weight. Sixty-three patients who were undergoing endoscopy
2 studied. The radioactivity in exhaled breath which was sampled within
minutes of 14C-urea administration was attributed to the presence of
1se enzyme in mouth organisms and was discounted. The time—
oactivity curves for breath samples from five to 30 minutes after the
linistration of ¥C-urea gave an excellent separation between subjects
1 negative results of the examination of gastric-biopsy samples and
ents with microbiological and histological evidence of infection with
wlori. The area under the time-radioactivity curve at between five and
ninutes after the administration of ¥C-urea in 24 patients with negative
robiological results was 6.9 + 4.4 area units; in 35 of 39 patients with
itive microbiological results, this area was greater than 40 area units.
asured against the results of the microbiological examination of gastric-
asy samples, the sensitivity of breath-testing was 90% and the specificity
i 100%. Measured against the results of histological examination for the
sence of C. pylori infection, breath-testing had a sensitivity of 94% and
pecificity of 93%. A positive breath-test result also correlated well
0.0001) with the serological antibody test-result. The role of non-invasive
+ — enzyme-linked immunosorbent assays and '#C-urea breath-testing
.1 the management of gastritis and peptic ulcer disease is discussed. We
1sider that the 13C-urea breath-test has an important role in the non-
asive confirmation of gastric infection with C. pylori and in the follow-
of patients after treatment. (Med | Aust 1989; 151: 435-439)

al Perth Hospital, GPO Box X2213, Perth, WA 6001.
Surveyor. MB ChB, MDIBrst), FRCP. FRACP Head, Department ot Nuddear Medhane
lewart Goodwin, MD. MA(Cantab ). FRCPA, FRCPath. Head: Department of Miccobiology,
Assoviate Pratessor of Climcal Mrcrobiologs
1 P Mullan, MB ChB, FRACP. Phvsician: Department ot Nudlear Mediane
abeth Geelhoed. DipMedNucl. Research Assistant, Department of Nudlear Mediane
bin Warren, MB, 85, FRCPA Pathologist Histuparhology Department
wnd N Murray, MB BS, FRACP, Gastroenterologint
t. Waters, MB BS, FRACP, Castroenterologist
vdopher R Sanderson, MB.MRCP(Lond.), FRACP. Head, Department ot Gastroenterology
rints: Dr I Surveyor

t is accepted by many authors that Campylobacter pylori plays

a significant role in the pathogenesis of type-B gastritis and peptic

ulcer disease.'* Marshall and Warren were the first to give
prominence to the association between gastritis and the curved
organisms which now are known as C. pylori® — an association that
since has been observed world-wide. The strength of this association
with type-B gastritis,*'* duodenal ulcers*®* 13-1s and gastric ulcers® ' '
cannot be disputed.

Koch’s postulates in relation to human infection with C. pylori
partly have been verified by two independent volunteers.''" Both
subjects reported the development of histologically demonstrated
gastritis after infection with the bacteria. Goodwin has suggested
a mechanism whereby resistance to the action of acid and pepsin
by gastric epithelium and/or gastric metaplasia in the duodenum
is impaired in C. pvlori gastritis.'®

A consequence of the C. pylori hypothesis must be an wcreasing
tendency to treat dyspeptic symptoms with antibiolic agents. Talley
has warned of the potential dangers in the indiscriminate use ol
antibiotic agents for a symptom group as common and as non-
specific as “*dyspepsia’’."” The precise treatment of infection with
C. pylori requires a relatively simple, efficient, inexpensive and sale
diagnostic procedure that can be applied and used in the tollow-up
of a large number of patients,

Diagnosis by histological examination and microbiological culture
is the **gold standard’ by which all other diagnostic procedures must
be calibrated. Obtaining material for pathological examination
requires that patients undergo endoscopy. An endoscopic diagnosis
may be made rapidly at the time of biopsy by the performance of
2 “CLOtest’" with gastric mucosa.®” The non-invasive diagnosis ol
infection with C. pylori can be achieved by serological exanmi-
nation.?'-2¢ The measurement ol antibodies to C. pylori in plasma
is of great value in epidemiological studies

A breath-test that is based on the ingestion of labelled urca has
been advocated as a useful test in the diagnosis ol infection with
C. pylori.”’ The principle of the test is identical (o that ol the
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CLOtest’". Urease enzyme is produced in large amounts by C.
vlori organisms.?® In cases of infection with C. pylori, the increased
-ease activity results in the rapid hydrolysis of urea in gastric juice
roducing ammonia and carbon dioxide. This is recognized in the
CLOtest”” by a pH change, or in the carbon 14-labelled urea
reath-test by labelled carbon dioxide which enters the carbon
joxide-bicarbonate pool and eventually is excreted in the breath.
' A similar test that uses urea which has been labelled with carbon
3 and mass spectroscopy has been described by Graham et al.®
ecently, several centres have reported on the high accuracy of *C-
rea breath-testing for the detection of infection with C. pylori.3*-*
Ve now have applied this breath-test to a further group of patients
t Royal Perth Hospital and have correlated the results of breath-
ssting for infection with C. pylori with the findings of upper
astrointestinal endoscopy, so as better to define the utility and
mitations of the '“C-urea breath-test in the detection of active

ifection with C. pylori.

'atients and methods

ixty-three adult patients, 33 men and 30 women, whose ages ranged from
5 to 87 years (mean +standard deviation [SD], 58.8 + 14.5 years of age),
‘ere examined. Patients were recruited consecutively from the routine list
f names of patients for upper gastrointestinal endoscopy and were requested
» give their informed consent to undergo a '*C-urea breath-test according
3 protocols that had been approved by the Royal Perth Hospital Human
ights Committee, All patients complained of symptoms that were attributed
> upper gastrointestinal disease; 13 (20.6%) of the 63 patients were under-
oing follow-up endoscopic examination. A detailed retrospective review of
Il the patients’ notes, which was supplemented by telephone calls to their
eneral practitioners, was performed by one of us (C.S.G.) for possible antibi-
tic drug interactions with the tests.

At endoscopy at least two biopsy specimens were obtained from each
atient. Histological sections were stained with haematoxylin and eosin and
jiemsa stains and by the Warthin-Starry method and were examined for
1e presence of C. pylori. Specimen cultures were performed by the method

was a requirement of this definition that biopsy specimens were obtained
om both the gastric fundus and antrum for both culture and histological
camination.

Standard statistical tests were used in the analysis of results.*®

.esults

1 the '“C-urea breath-test some patients with negative results for
1e presence of C. pylori infection demonstrated an early peak to
jeir time-radioactivity curve which usually lasted for fewer than
ve minutes and always had returned to below the level of 0.6%
f the administered dose/mmol carbon dioxide X kg body weight
- the 10-minute sample. Figure 1 is a plot of the range of data-points
1at were obtained from 24 patients in whom culture and Gram-
ain and histological examinations all gave negative results for the
resence of C. pylori organisms.

From 10 minutes onwards, all breath samples for those patients
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GURE 1: Time-radioactivity curve showing upper and lower range for radioactivity
“breath as a percentage of the administered dose/mmol carbon dioxide x kg
»dy weight for 24 patients with negative culture results of gastric-biopsy samples.

of Goodwin et al.” A subjective visual assessment of bacterial growth was
made after 72 hours of laboratory culture. This assessment was related to
the amount of "“C that was recovered in the patient's breath.

Serological tests were performed according to the method of Goodwin et
al.® An antibody titre of less than 150 was considered to be a negative resuly,
an antibody titre of between 150 and 250 was considered an equivocal result
and a titre of more than 250 was considered to indicate infection.

The breath-test was performed according to the protocol of Marshall and
Surveyor.?” Patients fasted overnight and, to reduce contamination from
urease-producing commensal flora in the mouth, brushed their teeth before
the test. The water that was used for teeth-brushing was not swallowed.

The patients then provided a control specimen of breath by exhaling
through a short tube. Breath was passed over a drying agent (calcium chloride
granules) and then bubbled through a 2-mL solution of the basic amino acid,
hyamine. (Hyamine solution is strongly caustic and may be dangerous if
swallowed.) The molarity of the hyamine was measured by acid-base titration.
The breath-sample collection was terminated when a pH indicator in the
hyamine (thymolphthalein) changed from blue (alkaline) to colourless (acid).
Most patients could effect this colour change in a single breath.

Breath samples were obtained at three, five, 10, 15, 20, 25 and 30 minutes
after drinking 400 kBq of a '*C-urea solution (Amersham [nternational,
Buckinghamshire, UK). Ten millilitres of liquid scintillant (United Technol-
ogies, Packard Instrument Company, Downers Grove, lllinois, USA) were
added to both breath samples and a '“C-urea counting standard. All liquid
scintillation counting was performed to a [% coefficient of variation.

The results at each sample point were calculated as the percentage of the
administered dose/mmol carbon dioxide X kg body weight. The radioactive
counts for the breath samples were multiplied by body weight so as to attempt
to correct for the influence of endogenous carbon dioxide production on
the "*C specific activity of the breath.”” Interpretation of the test was
performed by plotting the radioactivity of the breath sample against the time
of the sample. The area under the time-radioactivity curve from five minutes
to the last collection at 30 minutes, as calculated by use of the trapezoid rule,
provided a convenient summary of a patient's result.

A normal or “‘negative’” group of subjects was defined as the group of
subjects from whom C. pylori organisms were not grown and in whom
organisms were not seen on either Gram-stain or histological examination.

with negative microbiological and histological results showed a
radioactivity of less than 0.08% of the administered dose/mmol
carbon dioxide X kg body weight. For the patients with negative
microbiological results, the time integral (+SD) from five to 30
minutes was 6.9 +4.4 area units (95% confidence interval, 5.0-8.7
area units). In the patient group with negative culture results, the
highest value for the five- to 30-minute integral was 16.25 area units;
this did not overlap with the results of 35 of 39 patients with positive
culture results, who all showed an integral of greater than 40 area
units. Four patients were interpreted as having false-negative breath-
test results.

The correlation between the results of the microbiological
examination and the histological examination of the gastric biopsy

material is shown below.
Microbiological results

Histological results Positive Negative
Positive 32 0
Negative 3 24

Four cases were excluded from this analysis because specimen
collection for the histological examination did not conform to the
study protocol.
The correlation between the results of the breath-test and the
microbiological examination is listed below.
Microbiological results

Breath-test results Positive* Negative
Positive 35 0
Negative 4 24

*Includes two patients who had positive results by both Gram stain and culture for the presence
of C. pyiori.

The sensitivity of breath-testing was 90% (35 of 39 patients) and
the specificity was 100%;; the accuracy of breath-testing was 93.7%.

In the Table, the results of breath-testing are related to the presence
of antibodies to C. pylori in plasma, as measured by an enzyme-
linked immunosorbent (ELISA) assay; a highly significant
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ABLE: Correlation between results for #C-urea breath-testing and antibody
: levels for C. pylori infection by ELISA

Antibody titre

reath-test results Less than 150 150-250 More than 250
ositive 0 1 32
legative 8 6 14

P=0.0001) x* relationship was calculated.

The relationship between the results for the '“C-urea breath-test
«nd the presence of organisms as detected by histological examination
s shown below. Histological results

Breath-test results Positive Negative
Positive 30 2
Negative 2 25

Vieasured against histological diagnosis, '*C-urea breath-testing has
1 sensitivity of 94% (30 of 32 patients) and a specificity of 93% (25
of 27 patients).

After 72 hours the culture agar from both gastric fundus and
antrum biopsy samples were examined visually and a subjective
grading of no growth (24 cases), a light growth (five cases), a
moderate growth (eight cases) or a heavy growth (19 cases) was
assigned. The specimen with the highest grading was used in this
analysis. Four cases were excluded from this analysis because the
breath-test result was considered to be falsely negative when related
to the microbiological examination result. Other exclusions were
made because organisms were not cultured in spite of being seen
both in Gram-stained and histological preparations or because
cultures from the two biopsy sites were not obtained.

The mean time-radioactivity curves for the four microbiological
groups are shown in Figure 2. There was a good correlation between
the percentage of the administered dose of the '“C-urea solution as
detected by radioactivity measurements of the breath samples and
the recovery of organisms from gastric-biopsy samples. The integral
of the time-radioactivity curves between five and 30 minutes for the
four groups was subjected to an analysis of variance test and a highly
significant (P=0.0001) difference among group means  was
demonstrated.
6 0% 4
5 5%+
5 0%
4 5%
4 0%
3 5%
3 0%
2 5%
2 0%
15%
1 0%
0 5%

Q

Radioactvilty

35

Time (M)

FIGURE 2 Time-racdhoactivity curves tor radioactivin o breath as a percentage of
the administered dosermmol carbon dioxide « kg body werght, Curves show the
mean values at data-pomis for 24 patients with negative culture results (@), and
tor tive patients with a light growth (B, etght panents with 4 moderate growth
(@ and 19 pattents with a heavy growth { &1 ot Cpvlort orgamsms as judged
wisually after 72 hours of culture. (For ease vl reading. ercor bars have been omitted
feom the curves tor moderate [ @ | growth and heay [ & growih

Discussion

The requirement for a reliable, non-invasive test for the detection
ol infection of gastric mucous membranes with €. pylori has become
an urgent priority as the hypothesis of a causal relationship between
the organism and gastritis and, by reasonable extrapolation, peptic
ulcer disease. becomes more accepted in the medical community,
. The "*C-urea breath-test and serological tests are strong candidates
lor this non-invasive role. Although the importance of serological
examination has been stressed by Mitchell et al.,** there are problems
wi.th the interpretation of the results, for instance, cross-reaction
with other organisms, especially Campylobacter jejuni. Mitchell et

al. noted that five of 65 cases with normal histological results showed
raised serum antibody titres. [t was observed by Vaira et al. that
antibody levels may decrease after treatment with colloidal bismuth
but it is by no means assured that, after successful treatment, the
antibody levels will fall to the values that are obtained for control
subjects.

It is clear from an examination of the time-radioactivity curves
for breath-testing that data for breath samples that are obtained
earlier than five minutes after the ingestion of '*C-urea should be
ignored. This early peak in radioactivity is believed to be a result
of contamination with commensal flora of the mouth and, therefore,
is discounted in our interpretation. The data-points that were
obtained from the patients in this series with negative culture and
histological results were very similar to those of our previously
reported series.?’

Only three patients in the group with negative culture results
exceeded a radioactivity of 0.5% of the administered dose/mmol
of carbon dioxide x kg body weight and only by a very small
amount, namely, 0.56%, 0.58% and 0.59%, respectively. It was
noted that for most patients with positive culture results a peak
occurred in their time-radioactivity curves at between 10 and 20
minutes after the administration of the '*C urea; in the occasional
patient, the radioactivity continued to increase during the 30-minute
collection period.

In this series, the time-radioactivity curves for all the patients with
positive culture results exceeded 1.5% of the administered
dose/mmol of carbon dioxide X kg body weight at more than one
data-point in the time interval of 10-30 minutes. However, we would
recommend that if the time-radioactivity curve for any patient were
to fall within the range of 0.5%-1.5%, the test-result should be
termed equivocal and the test repeated. Excellent discrimination
could be obtained between infected and non-infected cases when the
time integrals of the rime-radioactivity curves at between [ive and
30 minutes were calculated.

1t is not clear how long an interval should be observed between
the cessation of a course of colloidal hismuth or antibiotic treatmnent
and undergoing the *C-urea breath-test. In three of the four patients
with lalse-negative breath-test results when compared to the results
of microbiological examination. these results could be related to such
treatment — with colloidal bismuth in two cases and with
amphotericin lozenges that were prescribed for a monilial oesopha-
gitis in the third case. (Laboratory observations have confirmed (hat
amphotericin can inhibit the growth of C. pylori.) We suggest that
false-negative results may be obtained if a breath-test is pertormed
within the first month after the cessation of antibiotic or collvidal
bismuth therapy.

A good correlation was found between the results of the seroloszical
tests and those of the breath-test, but of those cases with a hizh
antibody titre, only 32 (69.6%) of 46 cases showed positive breath-
test results. 1t is not known for how long the levels of antibodies
to C. pylori will remain elevated after the organism has been treated
successfully.

[n the correlation between the results of histological examination
and microbiological testing for the presence of C. pylori infection.
there was agreement in 56 of 39 cases. When the results of hisior
logical examination were compared with those ol breath-testing, thef®
were two false-positive results and two false-negative results ton the
breath-test. This could be explained by the trregular distribution ol
bacteria throughout the stomach mucosa. Hazell et al. have emphits
sized the need to obtain samples from both the gastric fundus and
antrum if a confident histological diagnosis is 10 be made."! Marshall
and Warren have commented on the difficultics ol p:nhulugicnl
interpretation from small and perhaps piechanically distorted”
specimens.”

The evidence I'rom these data together with data from ohe!
reportst™ #* confirm the high sensitvity and specilivity that 15
obtained with breath-testing. From Figure 2 it can be inferred that
the patient response to labelled urea, as measured by the level of
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ivity of the breath, is proportional to the extent of gastric
tion with C. pylori organisms.

um et al. used urea that had been labelled with the non-
ive nuclide *C.?** This has the obvious advantage of not
10 the body's burden of radiation, but the assaying of ne
quires a gas-isotope mass-spectrometer, On the other hand,
be assayed in a liquid scintillation counter, a general-purpose
us which is available readily in all major medical centres.
1 is not expensive and, from the purchase of one freeze-dried
e of 9.25 MBq, 22 patient doses may be dispensed.
-adiation dose of a '*C-urea breath-test has been estimated
shall and Surveyor as 44 uGy in bone, 180 uGy in the lungs,
/ in the gonads and 70 Gy in the urinary bladder.?” It is
ed that any '*C atoms which are not excreted by either the
- the pulmonary route enter the natural body pool of *C and
¢ indistinguishable from the other radioactive carbon atoms
constitute part of the radiological burden of all living
/ms.

ided that the patient has not been taking antibiotic agents
sidal bismuth in the four weeks before testing, the "“C-urca
test has a high over-all accuracy of 93.7%. The test is
ly simple and inexpensive to perform and provides an accurate
of detecting gastric infection with C. pylori.
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Duodenal ulcer treated with Helicobacter pylori eradication:

seven-year foilow-up

Georfrey M Forbes, Mark E Glaser. Digby J E Cullen. J Robin Warren, Keryn J Christiansen, Barry J Marshall,

Brendan J Collins

Summary

The lonz-term benerits of Heiicobacter pylori-eradication
treatment (HET} in H pylori-associated duodenal ulcer are
unciear. 'We followed up patients with duodenal ulcers from a
trial of 4 ovlori eradication in 198£-86.

53 of 78 patients {81%) were reviewed clinically and had
upper gastrointestinal endoscopy with gastric antral biopsy. Of
35 patients oreviously rendered H pylori negative, 32 (92%)
remainea H pyiori negative after 7 1 years (mean). All patients
initiaily H pylori positive remained infected, unless HET was
given in the interim. Duodenal ulceration was found in 20% (5
out of 25) of patients remaining H pylori-positive. compared
with 3% (1 of 38) of H pylori-negative patients (p<0-05).

The reduction of duodenal ulcer relapse obtained from
H pylori eradicaton in H pylori-associated duodenal ulcer
extends to at least 7 years after treatment, and is likely to be
due to freedom from H pylori infection. However, duodenal
ulcer may recur in patients rendered H pylori negative, due to
factors other than reinfection with H pylori.
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Introduction

The associarion between gastric Helicobacter avier?
colonisation and duodenal ulcer :DU" is weil established.’
and many studies have shown that eradication of & pvivrt
reduces DU recurrence.®? Most of these studies have
tollowed patients for 2 vears or less. and little is known of
the outcome over longer periods. Borody's group ound
that 97", of patients rendered H pyiors negative reman
negative by C**-urea breath test after 4 vears of foilow urp”
earlier work suggested that patients remaining 7 zveont
negative were free from DU relapse for up to 4 years,
though small numbers were involved.’ Although
eradication of H pvlort is clearly important in the short
term, H pylori-eradication treatment (HET) would be more
valuable if its effect was shown to extend over longer
periods. We determined the long-term outcome of HET in
a cohort of patients who took part in the earliest controlled
trial of HET in duodenal ulcer,® after which some were
H pylori positive and others negative.

Patients and methods

100 patients were enrolled in a prospective double-blind trial of
HET in 1985 and 1986, in which endoscopic appearances and
H pylori status were recorded over 12 months.® At the end of the
trial, patients returned to the care of their general practitioner.
These patients were traced through hospital records, their general
practitioner, or by telephone. Patients who were contactable were
approached to undergo clinical examination and uppes-
gastrointestinal endoscopy with antral biopsy.

Medical attendances for DU-related symproms and resuits of
relevant investigations were recorded and corroborated from case
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Initial H p status Current H p status

Positive Negative
Positive (n=28) 23 5*
Negative (n = 35} 2 33t

"All 5 received H pyfori eradication therapy.
tOne patient had documented H pyior reinfection at 5 years, received H pylori eradication
therapy, and is now H p negative.

Table 1: Current H pylorl (H p) status compared with H p status
at the end of the Initlal study

records. Upper gastrointestinal endoscopy was done by a
gastroenterologist blinded to details of the patient’s past medical
history and 3 gastric antral biopsies were taken.

Relapse of DU was defined as current—active DU at follow-up
endoscopy; proven—relapse proven by endoscopy or barium meal
in the period between studies; and clinical—relapse during the
intervening period as judged by the patient’s history (symptoms
identical to previous DU svmptoms and which were considered
consistent with DU disease), whether conrirmed by investigation
or not, and excluding asymptomatic relapses detected at tollow-up
endoscopy.

Formalin-fixed pararfin-embedded sections of gastric anrral
biopsies were examined for the presence of inflammation and
H pylori with haematoxylin and ¢osin, and Giemsa stains. Sections
were examined by an experienced histopathologist blinded to the
patient’s details. The A pylort status of the patent was detfined
histologically us A p+ or A p—. The study was approved by the
Ethics Committee of Royal Perth Hospiral.

Resuits

Of 100 patients in the original study,” 78 were available for
follow-up and 63 (81", agreed to clinical review and
endoscopy 3-1-7-6 years (mean 6-3) later. There were 44
males and 19 females (mean age of 53. range 24-83". Ot the
remaining 22 from the original swudy, 14 were
uncontactable, 4 had died, and 3 were untit for endoscony. 1
patient had undergone total gastrectomy for Zollinger
Ellison syndrome.

Inidal H pviori status of the 63 patients is compared with
current H pyfor: status in table L. Patients who were initially
H p— include a group of patients who compiezed the initiai
study by Marshall et al* and a group who tailed treatment,
were withdrawn from the study and after subsequent HET
were shown to be H p — during the foilowing 12 months. 32
of 35 patients (92°,) initiaily 4 p— remained & p— up to
7-1 years (mean) (range 6-1-7-9) follow-up after 2radicarion
of H pylort. 1 patient initially H p— was found ro have
H p+ chronic antral gastritis without DU atter 5 years at a
time of clinical relapse; he received HET and was H p— at
follow-up endoscopy 2 years later. 2 other patients initaily
Hp— became Hp+, and both had documenred DU
relapse, although one was associated with non-steroidal
anti-inflammatory drug (NSAID) use. 28 partients were
H p+ atthe end of the initial trial. 23 of these remain H p +
and 5, all of whom received further HET in the interim,
have been rendered H p—.

At follow-up endoscopy (table 2), active DUs were
presentin 5 0f 25(20°,) partients currently A p + in contrast

H pylort Current DU Proven OU Clinicai DU
status relapsa relapse telapse
Hp+ 5(n=25}) 9{n=26) 11in=26)
Hp- 1(n=38} 3(n=37) 8in=37)
(1] <0 05 <001 <01

0OU = duodenal ulcer. For definitions of retanses see text,

QOne patient currently H p ~ had proven DU relapse accomoanied By persistence of H pylorr 4 8
years after the initial study; hence he was H p - in the proven and climical grouos for staustical
analysis. "n" = numoer with specified H pyior status.

Table 2: Incidence of duodenal ulcer relapse compared with
H pylori status at time of relapse

to 1 of 38 (3°,) H p— patients (¢* 5-28; p <0-05) (current
relapse). Proven relapse occurred in 9 of 26 (35°,) H p+
patients and 3 of 37 (8°,) H p— patients (x? 6-97; p< 0-01).
One partient who was H p+ at the end of the initial study
had an endoscopically-proven DU accompanied by gastric
antral H pylori after 5 years, received HET, and is currently
H p—. He is included in the H p+ group for analysis of
proven and clinical relapse, despite being currently H p—.
Of patients with proven relapse, 9 had DUs documented
endoscopically and 3 by barium meal. Clinical relapse
occurred in 11 of 26 (42°,) H p + patients compared with 8
of 37 (22°,) patients who were H p— at follow up (¥2 3'1;
p<0-10).

3 partients received maintenance H2-receptor antagonists
during the intervening vears (2 currently 4 p+ and the
Hp— padent who had an active DU at follow-up
endoscopy). 6 patients received further HET when
symptoms of DU recurred atter completion of the initial
study. Only 2 of these 6 patients had DU confirmed by
endoscopy or barium meal. Use of NSAIDs accompanied
clinical DU relapse in 3 patients /2 currendy H p+ and
|\ Hp—".

Discussion

This is the tirst long-term study of the natural history of
H pvlort infection and DU after H pviort eradication.
Others have shown. either in small numbers or in studies
without endoscopy, that reinfection is uncommon up to 4
vears post-eradication:* * our dara confirm this and extend
the period of observation further. Given that 3 of 33
previousiv A p— patients became reinfecred over a total of
248 post-eradicauon patient vears, this gives an annual
reinfection rate of (27, 95', confidence inrervals
O—43", , wiich is slightly higher than previously-reported
estimates of up to V'b4",,.* "3 The absence of spontancous
loss of & pyivrr over this time 1s also consistent with other
reports.” A criticism of our study might be that 37 of the 100
patients treated in the original trial could not be followed up
and thar this might bias our results; however, 21 of these 37
were H 2= at the end of the initial study, a similar
aroportion o that in the remaining 53 patients who were
tollowed up.

A maior benefit of HET is the reduction in DU
recurrence; this has been shown over a 2-vear foilow up,’
and in small numbers of patients up to 4 vears.s The value of
HET would be greater still if the risk of DU relapse was
reduced inderinitety. This propostion is supported by our
study which shows a significantly lower long-term relapse
rate in patients rendered A p— compared with those who
remain H p+. Inaccuracies exist in documenting relapse
rates in the ways described in our study. In particular, there
may be underestimates because of clinically-silent DU
disease. Indeed, of the 6 patients found to have an active
DU at follow up endoscopy, 2 had no symptoms. The
relatively low incidence of proven DU relapse in Hp+
patients in our study (35°, over 6-3 years) presumably
reflects the absence of surveillance endoscopy over that
time period. Clinical relapse as defined in our study,
although subject to inaccuracies of diagnosis, is of
importance when examining the cost effectiveness of HET.
Clinical relapse occurring in the intervening period
berween studies occurred in 42°, of Hp+ patients
compared with 229, of H p— patients (p<0-1). Some of
these relapses may have been due to non-ulcer dyspepsia,
reflux, or other diseases. When a patient has frequent
relapses of DU, traditional practice is to choose berween
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repeated courses or long-term maintenance with H2-
recepror antagonists. Our findings suggest that HET is an
alternative which may result in reduced costs and be used
increasingly as less complex HET regimens with fewer side
effects are developed.

This study was funded by a grant from the Royal Perth Hospital Medical
Research Foundation. GMF was a WA and MG Saw Medical
Postgraduate Research Fellow of the University of Western Australia, We
thank Mrs K Wamer for secretarial assistance.
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Long-term follow-up of gastric histology after
Helicobacter pylori eradication
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BARRY ] MARSHALL* AND BRENDAN J COLLINS*

iDepartments of *Gastroenterology and *Pathology, Royal Perth Hospital, Perth, Western Australia,
Australia and *Department of Medicine, University of Virginia, Charlottesville, Virginia, USA

Abstract  Helicobacter pylori causes chronic active gastritis and is thought to be associated with the
development of gastric atrophy, intestinal metaplasia and carcinoma. As the effect of H. pylori eradica-
ton on.thls process is poorly understood, we sought to determine the long-term effects of H. pylors
eradication on gastric histology. Fifty-four patients with duodenal ulceration associated with H. pylori
infection received H. pylori eradication therapyv in 1985/86 and either remained infected (n = 22) or had
the infection eradicated (n = 32); padents were followed up by endoscopy with gastric antral biopsy for
7.1 years (mean). Histopathological analysis of gastric antral mucosa from padents rendered H. pylori-
negauve revealed a marked decrease in both inflammatory cells within the lamina propria and intra-
epithelial neutrophils and an increase in epithelial mucinogenesis. Gland atrophy remained unchanged
in both H. pylori-positive and -negative patients. When examined for the presence and severity of
i{ltesdnal metaplasia, there was neither a difference between the two patient groups nor a change with
ume. These data demonstrate that significant long-term improvements in gastric histology accompany
H. pylori eradicaton when compared with histology in patients with persistent infecion. Whether this

confers a protective effect by reducing the risk of gastric carcinoma remains unknown.

Keywords: eradication, follow-up, gastric atrophy, gastic carcinoma, Helicobacter pylori, histology,

metaplasia.

RODUCTION

obacter pylori causes chronic active gastrits and is
gly associated with the development of duodenal
gaswic ulceraton. Numerous studies have
nstrated that eradication of H. pylori reduces the
Tence rate of duodenal ulcer over a 1 and 2 vear
v-up period; more recently, this protective effect
Yeen shown to extend to 7 years after treatment.’
benefit of H. pylori eradication therapy in patents
gastric ulceration probably exists,?? but is less well
lished. Of greater conuwoversy is the relationship
een H. pylori infection and gastric carcinoma and,
e, the role of eradication therapy in protecting
1st carcinoma.
Alicobacter pylori infection is an independent risk
r for the development of gastric carcinoma,® and
large multinational study suggested that this risk is
4)ld when compared with subjects not infected by
wiori The putatve mechanisms linking primary
wlori infection ultimately to gastric carcinoma are

unproven, but may relate to the development of chronic
gastritis, mucosal atrophy and intestinal metaplasia®?® as
precursor lesions to malignancy.’!'? Eradicadon of
H. pylori is accompanied by resolutdon or improvement
in the histological severity of gastritis in the short
term,’? but the effects of H. pylori eradication on gastric
mucosal histology are unknown for periods greater than
2 years.!* In the present study we examined the long-
term histological outcome of H. pylori eradication and
compared this with patents who remained infected.

METHODS

One hundred patents with duodenal ulceration asso-
ciated with gastric antral H. pylori infectuon were
enrolled in a double-blind trial of H. pylori eradication
therapy in 1985/86, and were prospectively followed by
endoscopy with gastric anwoal biopsy for up to 12
months.'* Of 78 patents available in 1992/93 for

srrespondence: Dr GM Forbes, Gastroenterology Department, Royal Perth Hospirtal, Box X2213, GPO, Perth, Western

ralia 6001, Australia.
:cepted for publicadon 9 February 1996,



JISCUSSION

“he present study has shown thac successful eradication
f H. pylori is accompanied by long-term improvement
1 the histological abnormalities that occur with this
ifection. In patients rendered H. pylori-negative there
'as a marked reduction in the lamina propria inflam-
1atory cell infiltrate, almost complete loss of intra-
sithelial neuwrophils and an improvement in the
nount of epithelial mucinogenesis. By contrast, in
itients who remained H, pylori-positive, there was no
1provement in any of these histological features.
In neither H. pylori-positive nor H. pylori-negarive
wents did the amount of glandular awrophy change
rer the 7.1 year follow up. FFurthermore, none of the
. pylori-positive patients developed histological features
" ‘gasmric atrophy’: the combinadon of severe gland
rophy, extensive metaplasia and negligible inflamma-
m.'” Proposals that H. pylort infecton leads ultmartely
gastric awophy stem from longirudinal populaton
sed studies,!* which suggest that chronic gastrids
entually progresses to atrophic gastrias. Further sup-
rt for this sequence of evenrs comes from a recent
-3 year follow-up study of a group of untreated H.
lori-positive parients who developed awophic gastritis
d intesdnal meraplasia more frequendy than did a
>up of padents never infected.® This was an important
servation in light of the association berween gastmric
ophy and carcinoma.'? Intestnal metaplasia is also
ought to be a precursor lesion for gastric car-
oma '™ If chronic H. pylor infecton does lead two
nd atrophy, intestinal metaplasia and ultmately, in
w@in individuals, gastric carcinoma, this process is
tly to occur over several decades Hence, longer
raton of follow up of our pauents may be needed to
lect progression of potentially premalignant histologi-
abnormalities.
A further limitation of our study is that only three
uic antral biopsies were taken at each endoscopy,
Ice creating the possibility of histological sampling
or. Overall, intestinal metaplasia was generally mild
absent, both in patients who remained H. pylori-
iitive throughout the study period and those in whom
pvlori was eradicated. Our preliminary histological
dies'® were not undertaken using the combined
iodic acid-Schiff and alcian blue stain to examine for
'stinal metaplasia. This resulted in an overestimation
the presence of intestinal metaplasia in our initial
dies, especially when persistent . pylori infection
: present, and illustrates the importance of this tissue
n.
‘uture long-term studies of this type may be difficult
indertake in view of the link between H. pylori and
i carcinoma'®® and the recent World Health
)anisation classification of H. pylori as a class I
inogen. It is unknown whether successful H. pylori
lication therapy results in lessening of the gastric
cer risk to levels seen in subjects who have never
1 infected. Previous follow-up studies of up to 2
's suggested that eradication of H. pylort results in
ymplete?! or no improvement in intestinal metaplasia
land atrophy.!'* These observations and the present
ly suggest that if H. pylori eradication is associated

~/
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with a lessened risk for gastric carcinoma, this reduced
risk may not be to the level seen in subjects never
infected.

In conclusion, previous data suggest thar M. pvlori
infection results in a progressive form ‘of chronic gas-
tritis, which may predispose to gastric cancer.8-12 Oy
data indicate that H. pylori eradication is accompanied
by long-term improvement in the histological severity of
gastritis, but whether this is reflected in clinical pracrice
by a reduced incidence of gastric carcinoma is unknown
and may be difficult to show,
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and endoscopic follow-up, 63 (81%) agreed; the:
of that study have been reported previously.!

1e time of each endoscopy, three gasuic antral
s were taken for histological examination, which
dertaken by a single experienced histopathologist
blinded to the clinical derails of each patient and
t reference to previous pathological specimens.
lin-fixed paraffin-embedded sections stained with
toxylin and eosin, Giemsa and combined periodic
-hiff and alcian blue were examined for the: fol-

features, derived from the Whitehead classifica-
f gastrits:'® (i) lamina propria inflammatory cell
te; (ii) neutrophil infiltration of epithelium; (iii)
ion in epithelial mucinogenesis; (iv) gland atro-
nd (v) intestinal meraplasia.

s was performed for biopsies taken at entry 10 the
36 study (time = 0), upon completon of that study
\ t=0.8 years) and at the time of the 1992/93
(mean t=7.1 years). These histological parame-
sere graded semiquantitatively according to a 10
grading system as oudined in Table 1; the results
itients who were initially rendered H. pylori nega-
nd remained so over the 7.1 years of follow-up
compared with those padents who remained
ed throughout. Statistical analysis of the difference
stological grade from t=0 to 7.1 years berween
dori-positive and -negative patient groups was per-
ad using the Mann-Whimey U-test.

yULTS

3 patients followed berween 1985 and 1993, nine

excluded from histological study because they
r received H. pylori eradication therapy (n= 6) or
became reinfected with H. pylori (n=3) during the
val period berween studies. Twenty-two patients
remained H. pylori-positive (15 male, seven female;
n age 52 years; range 30-83 years) and 32 patients
remained H. pylori-negative (23 male, nine female;
n age 52 years; range 24-78 years) had a mean
slogical follow-up over 7.1 years (range 6.0-7.9).
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Table 1 Grading of the five histological parameters

Lamina propria inflammatory ~ Neutrophil infiltration of -

cell infiltrate‘reduction in epithelium/intestinal
epithelial mucinogenesis’ metaplasia

gland atrophy

0-3 Normal 0 Nene
45 Mild 1-3 Mild

67 Moderate 4-6 Moderate
8-9 Marked 7-9 Marked

Six (27%) H. pylori-positive patients and five (16%)
H. pylori-negatve padents (x*=1.09; NS) received
histamine H,-receptor antagonists during follow-up
(continuously in three patents: two H. pylori-positive
and one H. pylori-negative). No patient received proton
pump inhibitors.

The histological results are summarized in Table 2.
Before H. pylori eradication was attempted, both groups
had similar histological features with the exception of
gland awophy, which was more marked in the group for
whom eradicaton failed (‘H. pylori-positive’ group;
P=0.006, Mann-Whimey U-test). However, this differ-
ence was no longer present at the 0.8 vear (mean)
follow-up. In patients who remained H. pylori-positive
over the next 7.1 years, there was no change in the grade
of inflammatory cell infiltrate in the lamina propria,
neurrophil infiltration of the epithelium, intestinal merta-
plasia, gland atrophy or epithelial mucinogenesis.

By conmast, patients who remained H. pylori-negative
showed a marked reducton in both inflammatory cells
in the lamina propria and intraepithelial neutrophils at
0.8 years and this persisted to follow-up at 7.1 years.
There was some return of epithelial mucinogenesis, but
no change in gland atrophy, which remained mild to
moderate in severity in the H. pylori-negauve group.
Overall, the grade of intesunal metaplasia was mild and
there was no difference in severity between H. pylori-
positive and -negative patents.

le 2 Histological grading of patients who remained H. pylori-positive compared with those rendered H. pylori-negative

LP infiltrate Epithelial PMN Meraplasia Atrophy Mucin

+ patients

=0 7.6x1.0 5.0=x1.4 07x1.4 5.0+1.5 6.0x1.7
=0.8 6.8x1.4 4.6+1.7 0.7+1.3 45+1.3 6.9+1.6
=7.1 7.0x0.8 49x1.6 09«13 47+1.0 5.6x1.7
— patients

=0 7.3x1.3 53x1.6 0.8x1.3 38+1.4 5.7x1.2
=0.8 3715 0.3+0.5 0.5+1.2 44+1.8 4.6x1.5
=71 1.9+0.8 03x1.1 0.7x1.4 38+1.6 4015
alue < 0.0001 < 0.0001 NS NS 0.0004

Il patients were H. pylori-positive at t=0; H. pylori-negative patients were all negative for H. pylori at 0.8 and 7.1 years.

_P infiltrate, the lamina propria inflammatory cell infiltrate; epithelial PMN, neutrop

hil infiltration of the cpithelium;

taplasia, intestinal meraplasia; atrophy, gland atrophy; mucin, reduction in epithelial mucinogenesis; NS, not significant;
alue, analysis of the difference in histological grade from 0 to 7.1 years berween Hp+ and Hp - patient groups.
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