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I
The discovery and pathology of H pylori.
J. Robin Warren
Department of Pathology, Royal Perth Hospital, penh, 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 incor¡ect or one off and of no importance.
Freedburg saw several cases in 1940 and published a short article about them. Þalmer 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 *.r. unurual. 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. I
found the classification of gastritis used at the time of little practical significance. The
only ['pes 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 ch¡onic
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 u,ell-fixed frariments 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 actuallv divided the biopsies in a logical wav, usins features often present and easv to
recoqnise and quantify, such as the position in the stomach, the depth. type (usually
cl[onic) and severity of inflammation. atrophy of the gastric glands and intestinal
metaplasia. whitehead defined "activity", a commonly seen feature which had
previousll'been ignored. This was based on specific chan-ees in the superfìcial
epitheiiurn and focal epithelial Ieucocvte infiltration. I found \Ã/hitehead's classilìcatio'
easv to use and it gave consistent results.

In June 1979 the early days of Helicobacter pylori be-ean for me. A biopsy shorved
severe active chronic gastritis and I sarv an unusual blue iine on the surface. With hig¡er
magnification I thought I could see numerous small baciili. closely adherent to the
epithelium. My colleagues did not agree until a Warthin Starr,v stain was very successful.
and showed vast numbers of bacteria. Electron microscopy from the wax block vu'as also
of excellent quality and ciearly shorved the bacteria, whicli closely resembled
Carlpvlobacter. At last nly in-rmediate collergues helieved thev rr.ere there. if of
questionabl e signilicance.

I 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 patchi'than the first case, but it soon became obvious that
they u'ere closely related to the ch¡onic 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 l don't thinli an¡,one really believed they were of any
lmportance.
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Most people suggested that the gastritis came first and the infection was just secondary.
could not get any help from the clinicia¡rs. 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 hrst 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.

I thought one useful investigation would be a negative control. How many of our old
gastric biopsies filed as normal showed the bacteria? This was ha¡der 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. I 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 cluonic gastritis. most with active changes, manv with some degree of atrophv
and sotne with focal intestinal metaplasia. And never when the antral histologv was
normal.

I was almost ready to publish my findings in 1981 when I met Barry Marshall, who asked
to see mv u,ork. 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 lvho was trying to make gastritis into a bacterial infection". Borry did not
believe it. but \vas prepared to try a short series of special biopsies. I required a series of
biopsies from the gastric antrum. from apparentlv intact mucosa. unaflected by' ulcers or
other macroscopic pathology. These confirmed to me that the gastritis and infection were
not just secondary to nearbv ulcers. Barrv became very enthusiastic and has devoted his
life to the bacteria ever since.

we setup a formal stud¡, of the next 100 patients refened for gastroscopy, r.vith a
detailed clinical protocol and standard antral biopsies for histolosy and culture. The
results were unexpected. The bacteria and gastritis found on histology seemed almost
unrelated to most clinical and -qastroscopic features. Bad breath and burpinq u,ere the
only related st'mptoms. Most gastroscoped patients had epigastric pain, regardless of
rvhat rvas found. Gastroscopic gastritis was not related to histological gastritis. The
bacteria resernbled Campvlobacter to me. so r,ve cultured thern as for Campylobacter.
btrt uithout the antibit¡tics used for fàecal samples. Cultures s'ere all negative unril tire
fìr'e dav Easter weekend, after rvhich a fèw 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, Bu.ry 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
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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 th¡ee 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. Ba.ry
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 fìrst patients illust¡ate the different clinical groups involved. Non-steroidal

anti-inflamnratory drugs may cause duodenal ulcer. Tliis does not mean Tbat H pvlori 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

rvere there. and treatment for them allowed the use of the anti-inflammatorl'drugs. Then

she noticed that I had bad breath. although I did not have any s1'mptoms. I fined into the

vast n-rajority 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 sugge sted

relation to neoplasm. I took a course of treatment and mv bad breath left.

We completed a double blind trial of antibacterial trcatment for duodenal ulcer. The

patients received antibiotic or placebo therapl, for H p¡,lori and rre treated all ulcers. This
successfully shorved that ulcers recur r.r'ith tlie bacteria. but rarelv without. The study

clearll,shorved the effect of the bacteria on histologicai gastritis. Eradicate Helicoboctcr
and the active change immediatell'resolved. Otiler features disappeared more slorvly and

often incompletely. Anatomical changes. such as atropl-ry. metaplasia and fibrosis.
slrou,ed little change. If Helicobacter remained. the gastritis rvas unchanged.

Since our studies, interest in Helicobacter ltas spread widely. Associated diseases

include neoplasm and cardiovascular disease. Numerous new species have been fbund
tluoughout the animal kingdonr. The public health aspects are being seriouslr'
considcred. including sources of iutèction. r'accincs and the possibility oltreating all
infected individuals and eliminating the infection. Pharmaceutical cornpanies 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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\X'¿!hrntton, DC: Aru¡¡c¡n I'hs¡olot¡ol Sarcr)., l9ó7: ?05_4 L

J Dcn¡cs lL Sp[(h:ctõ rn
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acid-secreting cells.
\tr'e have culrured the bacreria l-rom anrrcl biopsy specimcns,

using Campvlobacro isol¡rion rechniques. The ;' are
microoerophilicãnd grow on moisr chocolâreagarar 37.C. shouing
up in 3-4 davs ¡s a iainr rransparenr laver. Thev are abour 0.5 ¡:m in
diamerer and2.5,rm in len$h, appexring as shon spirals u'irh one
or rwo u'avele*grhs (fig l). The bacreria h:ve smoorh coars uirh up
to fir,c shc¡rhcd lìagellae arising from onc end (lìg 2). In some cells,
includrng ciividrne forns. fìegellae m¡v bc smn ar bo(h ends and in
negativc-srain preparations thcv har.e bulbous tips, presumablv an
artcfacr.?

These bacreria do nor llr anv knou.n species ejrber
morpholoeica llv o¡ biochcrnic¡llr,. Sinilar she¡rhcd flagellae h:r.e
been describcd in r.ibrios; bur microaerophilic r-ibrioihave now

7 G l¿ucn AIl. ñ<rrrdg. D Horn. RU' Thc linc rrrucrurc ¡nC hodc of 2n¡chm(nr of rh(
shc¡thrd fì¡ccliur- of I tbno a¿¿Àntot¡¡ I Gtl Brct l96l: tt: l:;-16

E Shcr¡¡1\1 \cronIl Gcnus I \¡¡r¡o Il F::l^::¡¡ F.E C,5bonrNE.cJ: lic:co ¡
n¡nu¡i ol rjrrcrni¡¿il\c mrcrobroio$ ¡ti cC B¿llrmor(: \ì ¡llums & V,lirm,
l9;.í: l.l I

--= _

IJ

ccllt J Btophv BtqÁ¿ñ C\.ol 1960;7t r5;-ì2

t

ú

-a

Y 'l:D'j
.1

Fig l-Thin'scctioa micrognph sbowing spiral bacrcri¡ oo surfacc of ¡ mucous ccll in gasric biopsy rpccimcn. (Bar = I pm.)

r:: I

l

L.j

lr
Ì

advenr of gas(¡oscopic biopsy. Silvcr sreining is nor rourine for
mucosal biopsv specimens, end the bacreria h¿ve becn ove¡looked.

, In orher rnåmnuls spiral gastric bscreri2 a¡c u'ell knou.n and are
rhought ro be commensâls5 (eg, Docngesl found rhcm in all oflorrv-
rhree monleus). Thcy usually h¡r'e more rhån ru,o spirals and

I inhabir rhe acid-secreting gasrric fundus.) In cars rhev õ.en ocolpv
,r rhe canaliculi ofrhe oxvnric cclls, suggesring rolc¡ance ro acid.ó T'he
,, anirnål bocteri¡ do no! c¡use anv inflal;ìr:ìaro¡'respoxe. and no

illness hæ ever becn associarcd u'irh rhem
i Invesrigarion ofgasrric bacreria in mzn l.¿s b¿en hampered bv rhe
, . false assumption rhat lhc bacteria u ere lhe samc as those ln anírnals

end u'ould thcrefore be acid-toleranr inìubiranrs of rhe fundus.
\\;arren's bacteria are, however, sho:rer, urth onlv one or r*.o
spirâls ând rescmble campvlobacren ¡¡rhc¡ u!:n spirocl.-acres. Tirev
Iivc benearh the muo:s of the gasrric anrr¿m u.cll au.av from thc

:l
rtt

ll

5 Ld-brd \.C. Eolcr RX_ UltÞstructu¡c of ¡ iilr¡¡ca -EiærF¡rutr rr rþ g:strrc
n:¡or: ol'uorg i- | l'd Rr: l970.Jt: jí:j-¿:

,ç-*
1....:<r-

Í =+

(

.t . Fig 2-\cg:rivc ruia oimgnph of diriding b¡crcrium from brorh cul¡urc.

f 
'ÀlulriplepolarflagelÞchavcrcrminal buiæ.11-::::r::suit5r¿ic.pHó.8;bar=l¡m)lnser:dcrail shou.rngshearhbcdfìagcllumandbasrldisâsr*i¡recu.irh

I pEs:: =:=¡ìn: llto amnonium mollbdarc, pH ó.5; bar= ltlo nm.)

!
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rn ¡Er¡sferrcd to the family Spirillaceae gcnus ùmpvlobactø.8
op]'lobaclers howcver, heve "a single polar fìagellum el one or
.h ends of Ihe cell" and the campvlobacrcr fìagellum is
;hcathed.e Warrcn's bacreria ma¡, bc ofthe gcnus Spir://r-.
ihc parhogeniciry ofrhcsc bac¡cria remains unproven bur rheir
pciarion wirh polymorphonuclear infilrrarion in rhc human
rum is bacleria are trulv associared
h antra arren, rhey may have a par¡ lo
y in or rriris associared diseases (ie,
)tic ulc

th¡nk.\{iss Hclen Rovcc for microbiological assisrznce, Dr J. r1. Armsr rong
clcctronmic-rcop1', and Dr \\'arrcn for permision to usc fig L

¡nhanr of G¡rlrenlcroloß),
rl Pcrth Hspital,
h\fc¡trrnAst¡¡li¡ó001 BARRy À1{RSHALL

I

VASODILATOR PROSTANOIDS À\D ACTH.
DEPENDE¡iT T{YPERTENSION

irn,-Dr Axelrod (.{pril 23, p 904) proposes rh.ar rhc permissive
:cr of elucocorricoids on vascular ¡one is med,i¡red viainhibirion
prostacTclin producrion and that ¡his mav contribure ¡o rhe
cerrension ofCushing's st'ndrome. \\;e bec¿me inreresred in rhis
sibilirv folloq'ing rhe sug[lesrion bv R¿scher a¡ alt rh¡r
coco¡rjcoids mav produce hvperrension as a resulr ofinhiblrion
phospholipase .{, anci a subsequent reduciion in .,vasodilaro¡,,
rsraglandin svnrhesis. The demonsr¡arion bv \\'eeks and Surre¡l
t prostacvclin (epoprosrenol) infusjon arrenuâred thc
'elopmenr of DOC.{, (desoxvcorronc) induced h.rperrension in
rar uas also relevant. We h:r'e reviewed thc evidence for such a

rorhesis in relarion ro sreroid and conicolropin (.{CTH)
lenden! hrperrension.l Our ou,n srudies have bcln .on..rn.a
h induced htpenension in shecp, a
¡¡ ion and fearurcs of glucocorricoid
I u¡ in u.hich rhese ru,o classes of

. enoconical ste¡oid activirv do not appear lo ¿ccount for morei n abour h¡lf of rhe hrperrension.l On rhe basis of derailcd' 'crir:",ents in i ¿llhoush
.so¡lì¡ror" p o mociuiate
ÅCTH ind

rn¡n'rore in 
not Piav a

'lthouehins ne:rhances

FcrJ fJ. Elccrrcn m¡cBopr o[ Can¡vlobacra ¡<ttrt J !¿a.Uøoòrc! t9ì9; t2:

'lr_h<r \f, Drct: R, Sborrg.{, rr ¿1. Modul¡rron d trc¡:L-JC ç.*rr roft b!pr6r¡El¿ndtß in con¡cørrronc_rnduccd hrpcncrroa ø tzt Clt¡ S, lç,C, ¡r,
;ctls JR, Sutcr D.U. An rntibvp<n!ßiyc cffcct of prqw- S.u \.Gi R2v.nPrcs. ¡9?9.251-5?.
. P. Drnton DA, 

^{ r.of
rn rh. producuon s.rth

,{CTH dcp<ndcnr h
Endcr¡noloF ol h Ec'

crit r DS, Coshl¡n Jl. Dcnron D.{. cr ¡1. In hrooe-=æ cÍ ¡igrotcsrc l¡,prðror r<sFbn3rvcñcs in rhcrp bv tndoDrtlu <ø. Cìn E:; f t_alpr¡rcl ¡98 );t: ]!-l;
t.DtuÊ:ll JG, B¡rn6 À\1. Coghlzn Jp, <r ¡1. Thc cJ-rc s.-rærar: t.¡CTll)' ¿dmrnr¡rr¡rron on ¡hc preror rcuon of angrorruìo ll. æe!*.;;;.-,*

tn shccp. C/rn Erp Piøno¡ot phvnol 1978;5: +{9-55.
:ason RT. Coghl:n JP. Dcnron D.{. Do preugbnôo prr ¡ iq E :rcC:rirDt tbrlÞ.ñdvÉñrc cllcd! ofACTH ¡dm¡ni¡¡r¡r,on: ¡*¿*^lS*ãiiçi,, r,,ì
oßhbn JP, Drnron D.A. Gr¡¡¿m V'F, ct ¿1. Eflcc of .ACì¡i !-_._.!@&r od thc

, lucmøvromrc rrstrcßc to ¡rtu¡n
I p¡;;;i;;,';,';¡P.^ 

¡u '¡ruxnt'v.oPréro E eç Êr E:et Punut
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LNIDENTIFIED CURVED BACILLI IN THE
STOÀIACH OF PATIENTS \YITH GASTRITIS

AND PEPTIC ULCERATIONT

B.rnnv J. À{¡Rss.lll_ J. Rosrx \\.'ARRE^-

Dtpartnent s of Gastroenrerologt and par hologl,
Royal Perth Hospito!, Ptth, llTesrent Arr¿rojio

tÌnrrrary Biopsy specimens u'ere talien f¡om in¡act
arcas of antral mucosa in 100 consecurive

nsenring parients presenring for gasrroscopr,. Spiral or
rved bacilli u'ere demons¡rared in specimens from 5g
rienrs. Bacilli cultured lrom I I ofrhese biopsies \\.ere gram_
3ative, flagellare, and microaerophilic and appeared ro be a
rv specics relared ro the genus Cantpl,lobacrer. The bacreria
re presenr in almosr all parienrs s,ith active chronic
;tritis, duodenal ulcer, or gastric ulcer and thus mav be an
Dor¡anI factor in the aetiologv ofrhese diseases.

Int¡oduction
i.lsrRlc spiral bacreria have been repeatedlv observed.
'or_red, and then forgotren for ar least 45 years.t-l In l9-10
:edburg and Ba¡¡on srared thar ,,spirociraetes', 

could be
nd in up ro 37Vo of gasrrectomy specimens,{ buÌ
tminarion of gastric sucrion biopsv máterial failed ro
rfirm rhese findings.t The advenr of fibreopric biopsv
hnìques permirred biopsr.of rhe anrrum, and in I975 Sreer
i Colin-Jones observed gram-neearive bacilli in g0% of
ienrs wirh gasrric ulcer.ó ttli curved bacilli rhev
strated u'ere said to be pseudornonas, possiblv a
taminant, and the baqe¡ia \\,ere once more forgotten. The
eared demonsrrarion of rhese bac¡eria in inflamed gasrric
ral rnucosat prompred us to do a pilot study in twenty
ients. Typical curved bacilli t,'.r. pr.r.nr in ove¡ half rhe
csv specimens and the number of bacteria u,as closelv
ted ro the sev-e¡irvof rhe gastritis. The present study was
,gned to cÐnttrm the associarion between antral gasrritis

lhe bacreria, to discover associated gastrointesrinal
'ases, to culture and identily the bacteria, and to find
ors predisposing ro infection.

Patients and Meúrods
Patie nts

AJI paticnrs rcferred lor gastroscopv on clinical grounds u,ere
eligible for rhc srudl' u.hich con¡inued until rhcre were lO0
participants u'ho gavc inlormed consenr and in whom biopsy.u.as
considercd to be safc. The srudy was approvcd by our hosiiral,s
human righrs commirrec.

Qutstiorrnaire

Endoscoplt

e.ramrnatron.

Histopathology

cd on paper read ar Sccond Inrernarional rù'orkshop on Campvlobrcrer
.rions (Brussels, 1983).

8390 O Thc l¡nccr Lrd. lgSJ
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^Gradings 
were b¿sed solely on the type'of inflammrrory cells.

Other types ofmucosal change, such as gland a(rophy or iniesrinal
metaplasia, were nored separately, but wcre nor used as evidence of
inllammarion. "Chronic gastritis" indicared inl'lammation wirh no
increrse in polymorphonuclerr lcucoc¡es (pMNÐ. There were
eirher increased numbers of lymphoid cells or normal cell numbers
with other evidcnce of inflamma¡ion such as oedema, congestion, or
cell damage. The term "acrive" was used ro indicare an increase in
PMNs.8 The gastritis was considered acrive if a few pÀ{Ns
inlìlrrared one gland neck or pir, ifoccasional pÀ{Ns wcre scarrered
throughout rhe supcrficial epirhelium, or ifrhere was an obvious
increase in PMNs in rhe lamina propria.

ltI icrobiology

Tissue smears uere Gram staincd and examined for curved bacilli
resembling Campylobacter. The remaining rissue rvas minced,
plated on non-selecrive blood and chocolate agar, and cukured ar
37oC under microoerophilic condirions tr ur.ã fo. Contpylobacrer
isolrrion.e Ar firsr plares u'ere discarded aher 2 d¡vs bur u,hen rhe
first posirive plare rvas no¡ed afrer ir had been left in rhe incubaror
for 6 devs during the Easrer holida1,, culrures u.ere done lor 4 devs.

Anal;,sis of Results

of significrnce r,,,as used lor all rhe 2 x 2 r¡bles in rhis paper.

Results

In 12 rvee ks ISJ parients we¡e examincd br. rhe
gastroenrerologv unir. Ofrhe 84 parienrs excluded, > ¡cfused

cations ro biopsr', rnd 75 paricnrs,
ould nor bc inr.ircd ro pÌrriciparc.
tchcd the srudv group lor rge, sex,
cers (table l).

O u¿s rtonn¿ir¿s

99 p:lrienrs completed the quesrionnaires. The onlv
svmprom rvhich correlated rvirh gasrritis or btcteria rvas
"burping" rçhich uas more common in parienrs tçirh brcre¡ia
(p = 0.01) or gasrriris (p = 0. 00i). This associarion remained
rvhen prrienrs rvirh pepric ulcer u'ere excluded. None oIrhe
other quesrionn:rire responses sho*.ed anl. relarionship to the
prÉsence ofgastric bacre¡ia or susrritis.

E ttdos cop v

.There rvas a verv close correla¡ion betrr.een both gastric
ulcer and duodenal ulcer and thc presence oI rhe bacteria
(1a-Uie tt¡ Àlost parients *'irh peptic ulcer also had gasrriris
(2913t p = 0'0002).

TÂBLE I-CO.\1P.{RISON OF P.\RTICIP.{¡iTS V'ITH EXCLUDED P.{TIE\-TS

Exclus ions
(n=8{)

1'HE L.l\-CI:T,.lUNE I ó, 1981

T.{BLE ¡l-ASSOCI,\TION OF BACTER¡A u'tTH Lr-DOSCOpfc Df¿\C}-OSES

Endoscopic
a ppcarance' p

0.003ó
0. 0001.1

0' 00005
0. 996
0. 78
0.i7
0.62
0. 8{

Toral

'l\lore th¡n one descriprion applies to several prrienrs(cg,4 paricnrs had borh
gasrric and duodcnal ulcers).

fRefers ro endoscopic âppcarrnce, nor hisrological infl¿mmarion.

T.{BLE IIf-HISTOLOGIClL GR.ADINC OF G.{STRITIS.{¡;D 8.{CTERf.\

Brcterial gradc

Gast rit is Torrl

Gastric ulcer
Duodcnal ulcer
All ulcers
Ocsophagus abnormal
Gastririsf
Duodenitisf
Bile in sromach
Normal

¡*ormal'
Ch¡onic
Âctive

Tot¡l

3r
29

{0

100

'Gasrriris grrdcs 0 and I normal
fÌ crse shoucC bacreria on g:rm srrincd smrrr

T.{ILE I\'-REL.lTlO\- BETU EE\.' c.tSTÂITIS.{\..D B.ìCTIRt.t I\
PATIE\TS U ITHOUT PEPT¡C ULCEP,

B¡cIeri¡

Gasr rir is Toral

Normrl
Chronic
.{ct i.,'e

Tor¡l 38

29

20
20

69

r\lern age (range)
À1a les

Fcma les

G¡stric ulcc¡
Duod¿n¡l ulccr

57 (18-86) w
55 (6sq,,l

29 (JsEù\

t9 (23701

E (/0%)

Histopathologl'

Gasrriris could usuellv be graded rvirh confìdence ar low
mxgntttcauon I hcre rr.¡s somÈ dillìculrv with about 2 j csses
rvhere the changcs \\e re mild or t-hc specimens r,r,ere sm¡ll.
superficial, or distor¡ed. To ensure thar gradings rr,.cre
reliable, single H & E sec¡ions from rhe hst,{O cases s.ere
o:rmincd "blinJ" t'r. anorhe r prrhologisr rvho agreed s,irh
the prescnce or absence ofglsrriris in 36 ceses (90%), rnd gar.e
an idenrical grading in 32.

Gradings lor b¡creria bl.silver sraining \\,ere morc
srraightlorsard. The bacreria staincd *'ell and werc e.rsilv
dilTèrcnriared lrom conraminanr b¡creria or debris. Silver
sraining \\'as the mosr sensirivc nlcrhod ofdetecring the spiral
bacteria. Siluer stained secrions and Gram srrincd smears
\\'ere both done in 96 crses and spiral bacteria \rere seen in 56
of them;32 lrirh borh srains,23 rçirh silver alonc, and I case
$'irh the Gram s¡ain alone.

tll icrobiologl'

Specimens lor culrure u,ere received lrom 96 prtients and
I I rvere cuhure positive, all being seen wirh Gram and silver
staining also. No spiral brctcria \r,ere gro\\,n lrom rhe firsr 3{
cases, probrblv because the culturcs were disctrded too soon.

58 þgqolt00

t8 (77Co'.)

t3 (r00Eo)

27 (8i%)
l1 (lrEo)
2) (ss%l

9 (53%ol

7 (58Eo)

I (50o/o)

11

t3

34
42

l7
LZ

l6

\I'ir h

bacteriaTot¡l

l9))ló9)

0

I

I

0

i
2

9

5

29
l)+
2

3+,2+l+\-il

il

I

t2
IS

2S

8

ì'rs¡-o

55 (20-S8) vr
63 (63Eo\
3î (37Eo)

22 (22Eol
13 QJqo)

Studv group
(n = I00)
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Elcctron micrograph from a mucosal bio ps¡- with acrire chronic gasrritis
L'ppcr: mrnÏ prolìlcs ol'scclionctl p'loric canrp-vlob¡ctcr rrc læa(ctl on rhc lun¡nrlrsprcr ol'mucus.

stcrcting cpirhclirl cclls; plrsnlr nrcnrt'rrncs ,r* inrr.r, bur indcnrcd ¡n,l ulnrosr dc.,.oiJ of micror.iltr(brr= I ¡rn).
l.oscr: rt highcr nl¡gnilìr¡rion qroupr ot rrrnsvcrsch ¡nJ lon{iruJ¡n¡lli cui shcrrhc.j lìrgcllr arc

visiblc (rrross; brr= l0{.) nnr;.

The bacreria *'ere S-shaped or curved grrm-negarive rods,
3 ¡mx0.5 gm, rvirh up to l% wavelengrhs. In elccÌron
micrographs thet' had smooth coats and th.r. ,,..r. usuallv
four shearhed flagella arising from one end of rhe cell. Thev

usualll'larger and less curved than those scen on Gram stains
cIfresh rissue. Thev formed coccoid bodies in old cuhures.
The bacteria u,ere oxidase *, catalase +, HrS +, indole _,
urease -, nitrare -, and did not ferment glucose. They *.ere
sensitive . to tetracv kanamvcin,
3enramicin and penici nalidixic acid.
DNA base analysis gar conrenr of J6
rol7o, a r.alue in the ra s.

Sources ol Blas.

Th.e parienr sample was from a defined popularion u,irh

ma¡erial \\'as scnr (ro J. R. \\'.) rvirh srudv biopsies, mrinlv
from cases of gastric ulcer. Horvever, an independent blinå
assessmcnt of gastritis in 40 cases matched rhe studt, resulrs
rçell.

Disc ussion

The spiral brcreria ofrhe human gasrric anrrum have never
been culrured belore, and their associarion r,r,irh acr içe
ch¡onic gasrriris has nor been described. Thev arc a new

tt rs premarure ro ralk of "Canpt,lobacter p_vloridis,,r r perhaps
the name "p1'loric crmpvlobacrer" *.ill cio ro deflne rhe sire
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Much of the questionnaire was designed to selecr likely
sources or causes of pyloric campylobacter infection. For
example, bac¡eria might have colonised parienrs who already
had gasrritis and were taking antacids, milk, or cimetidine,
rhus impairing their "gasrric acid barrier" and predisposing
them to infec¡ion.la Animal contact and carious teeth were
also considered as sources of inlection. Campylobacters are
commensals of domestic and farm animals (C coli, C jejunl,
and they also inhabir the human mourh (C sputorum ss
sputorum).ts We found no evidence that any of these factors
predisposed to the infection.

The absence of a relation between "knoln causes" of
gastriris and the presence of hisrological gastritis has been
noted by others. For example, analgesic abusers ofren have no
gastritis, even when a gastric ulcer is present;ló alcohol
consumption is nor clearly related ro gasrriris;17 the quanrity
ofbile in rhe sromach (duodenogasrric refìux) is not obviously
relared ro the srare ofgastric mucosa; l8 auroimmune disease is
an unlikely cause, since gastric auroantibodies are uncommon
except in pernicious anaemia, rvhere the main hisrological
changes are in rhe body of the stomach, not the ant¡um. le

Gastric ulcer seems an unlikeh' primary cause of anrral
gastritis because the gastriris remains afier successful
treatmenr of rhe ulcer wirh cimetidine or carbenoxolone, and
gastriris is jusr as common in patients u.irh duodenal ulcer as
*'irh gasrric u1..r.ó'20-?1 Thus, the aetiology of chronic
gastriris remains uncertain.

\\'e have found a close associarion berween pl.loric
campvlobacrer and anrral gasrriris. \\'hen pI,lN infilrrared
the mucosa rhe bacteria rvere almosr alu'avs presenr (3g/40).
In the absence of inflammarion rhey lvere rare (2131),
suggesring rhar they are not commensals. The bacteria $,ere
not cuhured unless the parienr had hisrological evidence of
both gasrriris and pvloric campl'lobacrer. \\ie knorv ol no
other disease state rvhere, in the absence of complicaring
lactors such as ulcerarion (rrblc tr'). bacreria and p,\lNs are so
inrimarelv relared rvirhour rhe bacreria being parhogenic.

Horv does pvloric campylobacrer survive? The bacreria
rvere usuallv in close contacr rvirh the mucosa, often in
grooves ber*,een cells, rvirhin acinus-like in[oldings of rhe
epithelium or rvirhin rhc mucosal pirs (ligure). Thi surface
mucus coaring *'as superficial to rhe bacreria and anr. loreign
marerial or organisms from the or¡l llora rvere presenl above
the mucus, rarelv mixcd tvith ir, and not benearh it: rhe mucus
appeared ro lorm a srable la1,er or.er rhe spiral bacreria. The
¡nIrum secretes mainlr. mucus, and the deeper levels of rhe
surface mucus coaring are slighrl_v alkaline.l{ Thus pvloric
campvlobacter gro\\'s in a near-neutral environment, in close
contacr rr'irh rhe mucosa and protecred flrom the bacrericidal
gastric juice. The absence of¡hese bacreria from pasr reporrs
of gasrricmìcrobiology mav be bec¡use onlv gasriic juici rvas
cultured.25'ró Eyen salmonell¿e cannot 

-sù.,rive 
the Ioç.

han a le*'minutes.¡{ \\;here gastric
n cultured,ó':;':s microaerophilic
and pvloric camp'.'loblcrer did not

g ro \\'.
Pepric ulcer u'as the only endoscopic finding associared

rvirh hisrologicaI gasrriris and pvloric campylobacter. This
u'as surprising since the bacte¡ia \\.ere not prominent on
gastric ulcer borde¡s and in duodenal ulcer no correlarion
rvould be expecred. Perhaps the mucus coating is deficienr or
unstable near ulcer borders, thus allos'ing damage to the
bacteria as g'ell as the mucosa. \\¡irhin a lerv millimerres of an
ulcer, borh p1'loric campvlobacrer and gasrritis were usually
presenr. Orher srudies have shorvn conrinuing gasrritis afrer
ulcer herling u.irh cimeridine and u,e have õbserved rhe
persisrence ol pyloric campylobacter colonisarion in such

pärients. The failure ofrhe H¡ recepror anregonists to prevent
ulcer relapse is arrributed to an underlying ulcer diarhesis
which is unaffecred by rherapy. A bacrerial aetiology, wirh
conrinuing gasrritis, could be the explanation. The diarhesis

The aeriology of peptic ulcerarion is unknown bur unril
norv a bacterial cause has not really been considered. We have
found colonisation of the gastric anrrum with pyloric
campl'lobacter in over half of a series of cases ar routine
endoscopy. The bacteria were present almost exclusively in
patients wirh chronic antral gastritis and were also common
in those with pepric ulce¡arion of the sromach or duodenum.
Although cause-and-effec¡ cannor be proved in a srudy ofrhis
kind, we believe rhar pyloric campvlobacrer is aetiologically
related to chronic antral gastriris and, probablv, ro pepric
ulceration also.

\\'e rh¡nk Dr T. E. \\'arers, Dr C. R. Sanderson. and the gasrroenrcrologv
unit slrff lor rhe biopsies, Iliss Helcn Rovce and Dr D. f. Anne¡¡ for rhe
microbiological srudies, Ilr Perer Rogcrs ¡nd Dr L. Siv for supplving rhc G &
C drra, Dr J. A Armsrrong lor thr elcrrron microsiopr., Dr R. Ghncç lor
revierr ing slides, r\liss Joan Bor for rhc silr cr srrins. Jlrs iosc Rendell ofi.rinc
.\ledic¡l Srarisrics IJnir lJ\\'å, ¡nd Ils ]laurctn Hum;hries, secreÌrr_r., 1nd,
lor tr¡r'cl supporr, Frcr:lanrle Hospirrl

Correspondrnce shouli as addressrd ro: B Il , Dcprnmcnt oi
Ilicrobiologr', Frcmanrlc Hospiral, PO Box tS0. Frcm¡nrl¿ 6160, \\'esrrrn
.{ str¡lir
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Evaluation of cultural techniques for isolating
Campylobacter pyloridis from endoscopic biopsies of
gastric mucosa

CS GOODWIN,* ED BLINCOW,* JR }VARREN,Ì TE WATERS,+ CR SANDERSON,+
L EASTON+

From the Departmenß of 'Microbiology, tPathology, and IGastroenterology, 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 5l 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
pyloridß. 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/1,
nalidixic acid 20 mgil, and amphotericin2 mgll, but higher concentrations inhibited C pyloridß.
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,2 which may be impor-
tant in the aetiology of gastritis and peptic ulcer.
During the study spiral bacteria were seen histologi-
cally in 58 of I00 biopsies but were cultured from
only I l. 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 oI colonies that appeared on
the culture plates" Since 1982 we have improverJ
our culture techniques, and colonv densities now
closely match the number of bacteria seen on mic-
roscopy. This study was carried out in 198-l to
evaluate a range of culture techniques for isolating C
pyloridis from endoscopic biopsies

Material and methods

All patients referred to the gastroenterological unit

Accepretl for publicurron ll June I955

at this hospital and from whom an endoscopic
biopsy had been taken from the upper gastrointesti-
nal tract were eligible for the studv. Between March
and Augusl 198J, 103 matching pairs of biopsics
were obtained for culture and histology were
obtained from iì0 patients. The group comprised -l I
men aged 2G90 (mean 59) and 39 women aged
23-85 (mean 62). Ninety pairs of biopsies were
obtained from the stomach. 8l from the antrum and
nine from the bo<Jy. In addition. eight bropsies were
taken from the oesophagus and hve from the
duodenum. In the antrum the biopsies were taken at
a distance from any focal lesion such as a peptic
ulcer.,

The fìrst I9 specimens for microbiological culture
were transported to the laboratorv rn I ml isotonic
saline. As such lluid could have causecl drssolution of
the mucus laver unde r which the bacte ria are in
close contact *'ith the mucosa. with subsequent loss

of the bactcria into the lìuid. a small amount of
hypotonrc fìuid (0.5 ml of. 2OVo glucose) was used as

the transport medium for the renraining specimens.
The biopsies *'ere kept at -l"C until they were inocu-
lated on to solid meclia. The time until inoculation

I t21
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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 ZOVo 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 l0
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 l\Vo horse
serum, 0'25Vo yeast extract, and 0.4Vo tetrazolium
chloride to visualise the colony densities.
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85Vo nitrogen) for 46 specimens and a carbon diox-
ide incubator (7Vo carbon dioxide,20Vo oxygen,and
73Vo nitrogen) for 33 specimens; water was placed
in the bottom shelf, giving a humidity of 987o when
measured by a Vaisala machine. We had previousl .

determined that C pyloridß failed to grow irr
another carbon dioxide incubator with similar per-
centages of carbon dioxide and oxygen, but with a

humidity between 94 and 987o, suggesting that for
primary isolation C pyloridis required a constanr
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 War¡en
Gradings were based on the type of inflammatory
cells present. Grades 0 and I signiñed 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 infi ltration.o

Results

DISTRIBUTION OF C PYLORIDIS IN THE CASTRIC
MUCOSA
Most histological sections showed an uneven dis-
tribution of bacteria. ofren quite patchy. From 2l
patients in whom bacteria were found, two or more
biopsies had been taken from the stomach: 13
patients (62Vo) sllowed a different concentratior ,I
spiral bacteria on the two specimens, and in i *.r
cases the bacteria were not seen on one or ntorc
specimens. One of these patients showed chronic
gastritis with gross atrophy and intestinal metaplasra
in two biopsies, although no bacteria were seen. but
a third biopsy, taken from an area adjacenr to a

gastric ulcer, showed active gastntis, no metapltsit.
and numerous spiral bacilli The second pariÈrìt
showed normal antral mucosa with occasional i -.-
teria. Three gastric polyps from this patient rr e re
also biopsied; all sho*ed active gasrritis, althou_sh
bacteria were not seen on two but were numerous
on the third. Biopsies for histology and culture werc
taken as matching pairs, vet in I I cases C p¡,toritlis
was found in only one of the pair. possibly due to rhc
irregular distribution.

C p¡,loridis was culrured from 18 of rhe 103 h,,,n-
sies, and in another six specimens spiral brrc ìa

were seen with the Cranl stain but not on cultLr ie.
Spiral bacteria were seen in,55 biopsies, anrj in
another hve biopsies C p.vloridis was either seen in
the Gram stain or grew on culture. There was no
significant difference betrveen the density of growth
obtained from immediate or delayed culture after
biopsies had been stored at 4'C for up to five hotrrs

COMPOSITION OF SOLID MED¡A
Before this study we had found thar abundant
growth of C pyloridis was obtained on freshly
poured brain-heart infusion agar base (Oxoid) con-
taining 7Vo horse blood and Isoviralex lVo (BBL
Microbiology systems), wirh vancomycin 3 mg/l and
nalidixic acid l0 mg/1. All specimens were ìnocu-
lated on to this standard medium. Various other
media were inoculated in parallel to answer the fol-
lowing questions concerning primary isolarion of C
pyloridis: must the medium be fresh: is lvse<l btoocl
better than whole blood; is Campylobr.t.. FBp
(Oxoid) supplement useful; and what are the besr
concentrations of inhibitory antibiotics'l plates kept
at room temperature in a closed plastic box for six to
l9 days were used ior -j6 specimens. LyserJ bloo<J
medium was used for 30 specimens and whole blood
with FBP supplement for a further 20 specimens;
when failures occurred the individualcomponents of
FBP were tesred to find *'hich inhibited C pytoridis.
Medium withour anribiorics was inoculared in paral-
lel, and. in addition, higher concentrarions of anri-
biotics were used in various media.

INCUBA TION ATVOSPHERES
One plate from each specimen was incubated in a"preferred" atmosphere obtained by evacuation of
an .anaerobic jar to 220 mm Hg an<j replacement
with an anaerobic gas mixture ( l0Zo carbon dioxide.
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There was a remarkable correlation between
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spiral bacteria, C pyloridis was not culrurecl.
Medium containing vancomycin 6 m{1. nalidixic
acid 20 mgll, and amphotericin 2 mg/l was resred in
parallel, and22 isolates of C pyloridis were obrained
on this medium and the standard mediuml the
density of growth ol C pyloridis on both media was
the same. With the higher concenrration of antibio-
tics, contaminants'were scanty and on only ISVo 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/|, and amphotericin a ngll)
inhibited all contaminants, but four of nine isolares
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 concluded that the
most satisfactory medium contained vancomycin 6
mgl, nalidixic acid 20 mgrl, and amphotericin 2
mg/1, which allowed contaminanrs to be inhibired
but not C pyloridis.

The dcnsity of growth on lysed blootJ agar ancl the
size of the colonies were less than on whole bloocl
agar for four of the 10 isolates of C pyloridLs grown
on plates inoculared in parallel.

INCUtsATION ATi\IOSPHERES
Thc preferrcd atmosphere. ohtained by evacuation
to 210 mm Hg anci rcplacement with anaerobic gas
mixture. was tested in parallel with the campvlobac-
tcr gas mixture. The inoculum obtained from 33
ground specimens -eave I _5 positive cultures * irh
each atmosphere. all from matching pairs. bur
showed a scantier growth *ith two btopsies in thc
campvlobacter gas mi.rture For the l -l rninccd
specimens the six positive cultures qrew equallv uell
in both atmosphcres.

Specirncns culturecl in pantllel in the carbon tlior-
ide incubator and the anterobrc jar ntixture qave l 6
positire cultures in the anaerobrc jar mirture but
onlv l-j in the carbon rliorrde incubator: eiqht oi
these l -'ì cultures produced a scxntier growth ìn thc
carbon dioxide incubator rh¿n in the anaerobic jlr
mrxtu re

CONTATIINAI ION OIJ E\t)OSCOI'E \\ I fH
Ca mp v lo h acte r s pu to nt nt
ln one ol our patrents C pvloridis was isolnterl from
the antrunr. but anotlìer bropsv frorrr the oesophirqus
also vieltlecl a gro\\ th of spiral bactcria. althorlr¡h
none was seen with (ìrarn stirin. On suhculture
growth appearccl alter onli'one tlay of incubation.
and biochemicll tes¡s gave it hetcroqencous result
that $ as claritìed onlr, bv c\tensive subculturing
The isol¿rte lrorn the ocstrphaurrs !\'¿ìs tìrralì-y
confìrmetj ls C sputontr¡r, ¿rnd we suspect thiìt the

DENSITY OF GROWTH
The Figure shows the growth of C pyloridß f.rom
one biopsy, which had been divided in half and one
half minced and the other half ground. Seven other
positive biopsies were similarly treared, and five
gave noticeably more colonies after the specimen
had been ground than after it had been minced.

Our culture methods yieldecJ an abundanl or
moderate growrh of. C pyloridis in 62Vo 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 l9 days at room tcmpcra-
:ure (24"C) in a closed plastic box in which the rela-
tive humidiry was 92Vo. The l5 posirive specimens
plated in parallel on freshly pouretJ and older plates
gave the same density of growth on both.

-odium metabisulphite inhibited C p¡,lorirlis in solitl
media.

VARIA f IONS IN CONCENTRATIONS Ot
ANTIBIO'fICS
The standard rnetlium contained vancomvcin J mg,l
and nalidixic acirl l0 mgrl. When a nrediúm wirhout
rnt¡biotics was plated in parallel with thrs rhe sran-

In two of these. although the Cram stain showetl
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Growth of C pvloridis from one biopsy on serutn-yeast agar containing tetrazolium and inoculutn

prepared b1- (a) mincing or (b) grinding

onginal isolate had been contaminated by C
pyloridis.

Discussion

Grinrjing the biopsv tissues with a qround glass grin-
der usuallv yielded a heavier. more uniform culture
than mincinq the tissue with knives (Figure) Such
uniformity would be unlikel.v for the methoti
described by Jones et al,5 w|'to "rubbed" the biopsy
orr the surface of the blood aear plate. With ¿l consis-
tently uniform inoculum printirry isolation of C
pvloridis on different media shoulrl bc the most sen-
sitive method oi comparine media and incubation
atmospheres. Providetl biopsies were kept at .1"C.
delay for up to tì\,e hours did not seerrì to affect the
isolation of C pvloridis.

We were impressed bv the iacr thal C pvloritlis
seems to be found in the qastric mucosa in a patchy
distribution Biopsies taken close toqether some-
times show an absence of spiral bactena in one but
an abundance in the orher. iVlost hiopsies showet.l a
somewhat patchi'tJisrribr¡tion of bacteria This may
partly explain the instances r¡'hen either culture or
histology, hut no( both. *irs posirive

The most satisfactory ntedium wus br¿rin-heart
infusion aqar with 77a horse blood. t.07o lsovitalex.
vancomycin 6 mE l. naliclixic acicl 20 mprl, and
amphotericin 2 mgl. Isolation ol C p¡,loridis was
excellent. antl contarninants were inhibited almost
completely Concentrations of antibiotics highcr
than these inhibited C pytorirtis. FBP supplemenr

inhibiterj some isolates of C pvloridis, and we
determined that the component responsible was
sotlium metabisulphite Incubation in a carbon diox-
ide incubator is not recommended [or primary isola-
tion: this contradicts a prcvious report.r

Cinretidinc may have a useful anribacterial acri('.
aqainst C pvloridis. ln a separate srudy. to be pLrr

lished elsewhe re. on the susceptibility of C pvloridis
to antibiotics and antiulcer aqents \\e found that thc
minimum inhibitory concentration of clmetidine
aqainst C pt'loridis was 4 ms l. Isolation of C
pvloridis from patients receivin,s cimetitline in thc
prcsent studr was low From l_i biopsies fronr
patients takins cimetidine there uere I I positrr c
cultures(-.ìt?c) (from nine of l-5 parients). and lr,'
the 68 other biopsies there were -37 positive crrltrrr
(5a%a\ (19 of ¡5 palients) (p = 0 012. Fisher's exlet
method) Three of the four patients wrth actrrc
chronic gastritis but with no apparent bacterja rrerc
rcce ivinq cirnetidine. Eight of I I ot rhe positive cul-
tures fronr patients receiving cinletidine. hor,,'cr el.
qave quite a heavv qrowth. -I'he clinical importance
of ¡hese tìntlines is uncertain. antl further invesrrr r

tion is required.
This stuclr confì rms previous observations, thlri

pvloridi.r is closelv associated * ith ¡ctive clìr()rìrù
gastritisl in ot¡r studV C pyloridi.s was cjetected on
only one biopsv that appearecl normal histologiclllv.
and the paticnt showed active chronic gastritis in ir

seconcl specimen Jones ¿f n/s found a close associl-
tion bctween C pyloridis and both tvpes of gastritis
u'hich thev described as "srrperficial" or "atrophr.
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Other studies have also reported a close assocla-

"active chronic" gastritis, conditions which have

been clearly deñned by Whitehead and Marshall
and Warren.' We found a pronounced difference
between the detection of C pylorid¿s in active

chronic gastritis (92Vo) and chronic gastritis (35Vo)-

Finally, we must mention that although we have

proposed the name C pyloridis for these spiral bac-

ieriã from the stomach, other studies of ours on the

fatty acids and ultrastructure of C pyloridis' and the

protein patterns reported by Pearson el aiE suggest

ihat 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 secretarial helP
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cal gastritis and C. pyloridis in their stomachs [4].
In this study, serological results rvere obtained rvirh
an acid-glycine extract ol C. pylorid¡s in an ELISA
assay, and lrom every patient, a gastric biopsy spec-
imen was obtained and examined microbiologically
and histologically.

Maleri¡ls rnd Methods

Baclerial slrqin and ant¡gen preparot¡on. The an-
tigen was prepared from a pool ol ll isola¡es oi
C. pyloridis obtained lrom the gastric mucosa and
included strains 11637 and 11638 lrom the Narional
Collection ol Type Cultures (London). The prepa-
ration of the antigen and the ELISA technique were
similar to those described lor C. jejuniby Blaser and
Duncan [8]. f solates were gro\r'n on heated blood
agar with IsoVitaleX@ l9o (BBL Microbiology, Cock-
eysville, Md) tbr three days at 37 C tn a Cantpvloboc-
ler Eas mixture [-5]. Bacterial cells rvere harvested
in sterile distilled warer, washed rrvice in srerile dis-
tilled rvater, and suspended in 0.2,Vt glycine-
hydrochloridc buller (pH 2.2) at a concenrrarion ol
0.1 g (wet weight) ol cells to 2.5 ml ot buf'fer. Sus-
pcnsions rvere stirred at 25 C lor l-5 min and cen-
triiuged at ll,000g lor l-\ min ar 4 C. The superna-
tant was retained, and thc pH *'as neutralized rvith
sodium hydroride. The supcrnatant \\'as dialvzecl
against sterilc distilled rvatcr t'or 24 hr at.1 C. The
protcin u'as t'iltered by using thc Anlicon Dialiltra-
iion systcrn nicmbranc tvpc Ul\,110 (Anricon, Dan-

C. Stewart Goodwin, Elizabeth Blincow,
Graeme Peterson, Chris Sanderson, Wendy Cheng,

Barry Marshall, J. Robin Warrcn,

and Ross McCulloch

The name Campylobacter pyloridis has norv been
validated [] lor the campylobacter-like spiral bac-
teria lirst cultured at Royal Perth Hospital in 1982

lrom specimens ol the gastric antral mucosa ob-
tained by endoscopic biopsy [2, 31. This new organ-
ism may be the etiologic agent in gastritis-associated
dyspeptic disease and most cases ol duodenal ulce r

[4], and possible pathogenic mechanisms have been
delineated [5]. Thus in patients with nonulcer dys-
pepsia, when the presence of C. pvlorid¡s is indicated
by detecting speci lic antibody, an attempt at cura-
tive antibacterial therapy may be justilied. A dis-
criminatory serological test could replace the dilii-
cult and expensive procedures such as upper
gastrointestinal endoscopy and biopsy, which are
presently required to demonstrate the presence ol
C. pvloridis in the stomach. Horvever, as Svedheim
[6] has stated, "the antigen is crucial in diagnostic
serology." For Cantp¡,lobacter jejuni, an acid-glycine
extract in an ELISA is the most satisfactory prepa-
ration [6-8], but tbr C. pvloridis rhe anrigens lor
serological tests in published reports rvere sonicated
whole bacreria [9-lll or bacreria killed with tbrma-
lin [2, l3]. Some healthy volunrcers had histoLogi-

Receircd lor publicarion 28 April l9tì6, arrtl ìrr rcr rscJ lornr
2 September 1986

This sork rvas supporred bv l qranr l'rorrr thc R()\al Pcrrh llo\
pital Research fìorurdatiorr

Pltase addrcss rcq[¡ùsts lor reprirrts ro [)l ( S Cìootlrrin.
i\lierobiology Dcparrrrrcnl, Rovnl Pcrrh llospirlì, tlor \ lllì.
(ìPO Pcrth. Wcstcnr,.\ustralia,,\Lrsrralia

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). Ol ll7
patients in whom C. pyloridis was detected microbiologically or histologically, 87 (74t/o)

had a titer >300 EU, and only one had a titer <150 EU. Of 43 patients in whom C. pyloridis
was not detected, only two (590) had a titer >300 EU. Thus, lor a titer of 300 EU thc
ELISA test had a speciiicity of 9'7ùlo and a sensitivity ol8l9o. At 150 EU the specilicity
was 78Y0, and the sensitivity was 9990. Histological diagnosis ol active chronic gastritis
was associated with a high median ELISA titer (485 E), chronic gastritis rvith a much
lower titer (150 EU), and normal histology with a titer of ll0 EU. Discriminating use

oi this serological test could be ol assistance to detect C. pyloridis in the gastric mucosa.

Jtìti
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vers, Mass), and protein concentrations were deter-
mined by the Lowry technique [6]. Preparations
were stored ar. -20 C until use. Before coating the
ELISA lrays, we diluted the concentrated antigen
preparation in 0.5 M carbonate bulfer (pH 9.6) to
give a iinal concentration of 2.5 pg of protein/ml.
Polyvinyl chloride, "high activity" microtiter, flat-
t-,clttomed plates (Flow Laboratories, Mcl-ean, Va)

were coated with the diluted antigen preparation by

adding 0.2 ml to each well. The plates were covered

and incubated îor 24 hr at 4 C. Each well was then
aspirated dry and relilled with 0.3 ml of PBS con-
taining thimersol:Tween@ 20 plus gelatin (l mglml).
The plates were kept ar 4 C until use.

Proleins in the øntigen. Protein profiles ol the
acid-glycine preparation were examined by discon-
tinuous SDS-PAGE, as described by Laemmli [7].
Alter centrifugation at 6,000 g for l5 min, the su-
pernatant was heated at 100 C for 5 min with a dis-
integration bulfer that gave a linal concentration of
50 nmol Tris hydrochloride (pH 6.8), 590 beta-
mercaptoethanol (vollvol), 2% SDS (wt,zvol), l09o
glycerol (vol/vol), and 0.0190 bromophenol blue. The
proteins were separated on a SDS-PAGE gel system

[7] that consisted of a 390 stacking gel and a

690-1870 gradient gel. Electrophoresis was per-
formed at 500 V for 4 hr rvith cooling, and the gels

were stained with coomassie blue. The molecular
weights of the peptides resolved rvere calculated on
the basis of a calibration curve ol marker proteins.

Palienls, biopsy specirnens, and sera. The pa-
tients were consecutive referrals to the Castroenterol-
ogy Unit at Royal Perth Hospital from September
1984 to August 1985, irom rvhom endoscopic biopsy
specimens were obtained. Patients who had been
treated with antibiotics or antacid rvere excluded
from the study. One hundred sixty parients were en-
tered in the trial, including l0l men and 59 women
with an age range oi 20-85 years. The mean age lor
the men was 53 years, and mean age ior the women
was 48 years. Endoscopic biopsy specimens rvere ob-
tained and cultured for C. pltlorirlis on a selective
medium in a microaerophilic environment, as pre-
viously described [5]. One specimen w'as raken lor
rnicrobiological culture and one specimen lor histo-
logical diagnosis and detecrion ol spiral bacreria. Sc-
rum specimens \\,ere stored at - 20 C, but 66 speci-
mens \\'ere studied unfrozen t'or the presence ol' Iglr,f
antibodies to C. pyloridls and \\err. then srudiecl
again alter being lrozen ar - 20 C.

ELISA. For thc ELtSA. oprinìal dilurions of'all

reagents were determined by checkerboard titration.
Antigen-labeled plates were removed lrom 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
l:100 in serum diluent (PBS containing thimer-
sol-Tween 20 with 5 mg ol bovine gammaglobu-
linlml and lmg of gelatin,/ml). A 100-¡tl sample ol
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 IgA, IgC, and

IgM (heavy- and light-chain specific) was used at a

dilution ol l:16,000, and specific conjugates were

used as follows: IgG, l:50,000; IgM, l:4,000. Allcon-
jugates were obtained lrom Kirkegaard-Perry Labs,
Maryland. Conjugates were appropriately diluted in
PBS containing thimersot with 20pg ol 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 rvashed three
times with PBS containing thimersolrTrveen 20, and
then twice with PBS containing only thimersol. A
100 ¡rl sample of substrate consisting o[ 2.2'-azino-
di-(3-ethyl-benzthiazoline) sullonate with 0.005%
hydrogen peroxide was added to each well and in-
cubated aL 25 C for l5 min. The reaction rvas stopped
rvith 50 pl ol0.00l9o wt,/vol sodium azidein0.l M
citric acid. Plates were read within 2 hr on a Titer-
tek Uniscan@ (Florv Laboratories, Sydney, Austra-
lia) at 405 nm. This machine allowed a single blank
rvell to be used to make a baseline measuremcnt-

Each plate contained dilutions ol three control sera

that had to meet stringent requirements for the plare

to be accepted. One control was the calibration se -

rum consisting ol a pool ol I I positive sera with high
titers ol antibody. This was diluted lrom l:50 in dou-
bling dilutions to I :12,800, which allorved the con-
struction ol a standard curve as described under
analysis oldata beloiv. The second control was a pool
ol 14 negative sera that was put on each plate in
duplicate at a dilLrtion ol l:100, and the reading ol
these wells h¿rd to be (0.1 absorbance units lor the
platc to be acccptcd. The third control rvas a "weaklr'
positive" serunl th¿ìt *'as diluted at l:400 and assa¡'ed
in three wells Thc results rvere arralvzed as described
below. Bctbrc thc proccdurL' was acccpLed, thc rveaklv
positive serìinl \\,as testcd in t8 plates to ensure
reprod ucibilit r'.

Jlì9
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Inhibition assay. To asess the specificity of our

test, we incubated a pool ol sera with high positive

titers in flour aliquots at 37 C lor 30 min - one with

lOpg of the C. pytoridls extract and the three others

with an acid-glycine extract ol C. iejuni, Cam-

pylobacter fel¿¡s, or Escherichia coli. After incuba-

tion, 200-pl samples ol the serum were doubly

diluted from l:10 to I1320 and placed in triplicate
wells; the ELISA was performed as described above.

Calculqtion of ELISA. The absorbance readings

obtained for each ol the dilutions o i 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 lactor
oi 100, this gave a result ol 100 EU. The results were

plotted as absorbance versus dilution of serum (fig-

ure l). The 12 results usually covered a range of ab-

sorbances from 0.1 to 1.2 and were entered onto a

programmed calculator. The plate was accepted ii
the correlation coelficient of this standard curve was

>0.980. For each test serum done in triplicate the

results were calculated lrom the standard curve by

linear regression analysis and expressed in EU [18].
The mean ol the weak positive control serum was

359 EU, with a standard error of 85.5 EU. For the

sera of patients rvithout C. pyloridis, the upper limit
ol two standard deviations lrom the mean rvas 300

EU.

Rcsults

Inltibition assav. The eilect oi dillerent acid-
glycine extracts on the titer ol C. p.t'loridls antibody
in a highly positive serum is shorvn in ligure 2. First,
it can be seen that the C. p.t'loridis acid-glycine ex-

Iigurc l. Stilrtclltrcl !'tlr\c ()l eltlibrlltiort scl ttttt tlscd itt
thc El lS.\ tcst

Neat 1,10 1 20 t,40 | B0 I 160

DILUTION OF SERUM

f igure 2. The elfect ol adsorption by acid-glycinc ex-

tracts ol four dif[erent bacteria on optical densities of se-

rum that contained antibodies to Cump-vlctbacter pyloridis.

tract adsorbed out antibody in the positive control
serum. Second, at l:20 and t:40 there rvas a greater

than iourlold dillerence in absorbance between

C. pyloridis and the other three exlracts. These

results also indicate, horvever, a degree ol cross-

reactivity betrveen antibodies to C. pylorìdrs ancl ex-

tracts t'rom the other bacterial species tested.

Protein bands in the ELISA antigen. The SDS-

PACE profile ol the acid-glycinc extact o[ C. p-voriclis

is show'n in ligurc 3. A major trìplct ol protein bands

was observed at 57 kDa,62 kDa, and 6'l kDa, rvith
lesser bands at 24.-i kDa.28 kDa,33 kDa, and 84

kDa.
Detection of C. p.t'loridis by' culture and histolrtg.t',

and histological diagnosis. For the t60 paticnts in
the studr', C. p-t'loridis \\'as detr-ctcd b1' culture or
histolog-"- in ll7 (73070) oi the patients. In one pa-

tient, histology lailed to reveal the organism, but
C. p.vloridis rvas cultured lrom the biopsi spc'cimen
(table l). C. p,v'loridis \\'as not detected irt J-l (2790)

ol the patients. The histological diagnosis ol activc
chronic gastritis, as delined b¡'Whitchead [9] and
lvlarshall and Warren [2], rvas niarje in t0i patiertts,

arrd C p.r'loridis rvas detecteci in allttt'Lhese patients

Chronic gastritis rvithout tcti\ it\ \\ls plesr'rlt irì -'ìl

paticr.rts. and in l0 (12-qo) ot'thesc, C-. p,r'/orirli.s $'as

dctectecl. Therc rvere 22 paticnts rr ith notnral histctl-
ogy r>l'thc gastric nrucosa, atlci itr notlc of thL'sc \\¿ls

C. p.vlr,tridis de tccte rl

El,tS,4 results. ln our polvclonal ELfS.'\ tcst,
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Diagnoses
No in
group

No wirh

C. pyloridis
d etected

49t

Mcdian tircr
(EU)

"--l
Tablc 

.l 
. Hisrological and endoscopic diagnoscs rclat-

ed to derecrion of C. pytoridis and ELISA"rirers

4t5
685

965

150

lt0
NOTE. Among parienrs with active chronic gasrriris and a

duodenal ulcer, none had <150 EU and 4l had >3ú EU. Among
patients with active chronic gastritis and a gastric ulccr, none
had (150 EU and I5 had >300 EU. Among jari.nrs wirh acrive
chronic gasrriris and no ulcer, none had <150 EU ancj 2l had
>300 EU. Among parients wirh normal histology, l5 had <150
EU and rwo had >300 EU

'Four of thcse patienrs had ulccrs
I Two ol thcsc parients had ulcers

groups (Studenr's t = 3.04, p < .002).In rhe 43 pa_
tients in whom C. pyloridis was not detected, only
two (570) had a titer >300 EU, and 2g (6590) had
a titer (150 EU; only rhree had a rirer )250 EU. Ol
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Figure 3. SDS pACE proliles of rhe acid_rvashecl prep_
ararion used in rhe ELISA.

ELISA ti/ers of serttm antibod_v. The rangcs ot.
titcrs in patienrs in whom C. p.vlorirlis \\,as o; \\ as
not derecred are shorvn in iigure 4. There is a highlv
signilicant sratistical dilierence betrveen these rrvo
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300 EU, our assay produced very few false-positive
results. At 300 EU our test had a specilicity of 97t/0,
a sensitivity of 8190, a predictive positive value oi
9890, a predictive negative value of 5790, and an ef-
liciency oi 8690. At a cut-olf point of 150 EU our
assay produced very lew false-negative results. At 150

EU our test had a sensitivity oi 9990, a specificity
ol789o, a predictive positive value of 9lt/0, a predic-
tive negative value ol 9890, and efliciency of 620/0.

Thus at 300 EU, our ELISA test showed good speci-
iicity, and at 150 EU the test showed good sensitivity.

Relation between ELISA titers and the histologi-
cal qnd endoscopic diagnoses. Among the 107 pa-
tients with active chronic gastritis, 6l had a duodenal
ulcer, 20 had a gastric ulcer, and 26 did not have an
ulcer. Among 3l patients with chronic gasrritis, only
four had an ulcer; among 22 patients with normal
histology, only two had an ulcer. The median ELISA
titers are shown in table l. In the patients with
chronic gastritis the median titer was 150 EU, which
was much lower than the median titer ol those rvith
active chronic gastritis regardless ol rvhether 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 hisrology had the
lowest median titer, 110 EU. There were only live
titers )6,000 EU, and to avoid weighting rhe starisri-
cal analysis, we estimared these titers ro be 6,000 EU;
the titers ol those rvith active chronic gastritis rvere
very signilicantly higher than those with chronic gas-
triris (l = 3.13, P < .002). The riters of patients rvith
duodenal ulcers and active chronic gastritis rvere sig-
nilicantly lower than those with active chronic gas-

tritis b.ut no ulcer (t = 2.36, P < .02).
Among the 64 patients rvirh a duodenal ulcer, onl1,

one had normal histology, and tivo had chronic gas-
tritis; the titers ol these three patients ranged lrom
80 to 220 EU. Among rhe 23 patients rvirh gastric
ulcers, only one had normal hisrology, and trvo hacl
chronic gastritis; the tirers oi these patients rangecl
lrom ll0 to 55-s EU.

D iscussio n

A serological niethod ro derecr the presence oI
C. p.vloridis should nor _sir c- a high-posirive resulr
rvhen C. p.t'loridis carìr'tot be dctc-cted. Be lore a scro-
logical method is trsed krr surrcvs ir should bc
checked by the nìcans u,e have used in this srucly,
narnely the anal¡,sis ol gasrric bropsv spccinrcns tbr
the prcsence ot' C. p.t'lorirli.s. Apparcnrlv hcaltlty

Coodwin et ol.
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volunteers have been found to have histological gas-
triris in the stomach, and C. pyloridis has been de-
tected [4]. 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 lrequently are lound 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 ol 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 lalling titers because of the natural
healing process [20], or healing may have been aided
by undeclared antibacterial trearment such as bis-
muth tablets (bismuth is eflective against C. pyloridis
[4]). Some patients may have a relatively lorv rirer
il their inlection has only just begun. In this srudy,
there were nine patients with titers between 250 EU
and 300 EU, and in only one ol these was C. pyloridis
not detected. Thirty-lour (21%) oi our 160 parienrs
had a titer between 150 and 250 EU, and in 24 (71%)
ol these thirty-iour patients, C. pyloridis rvas dc-
tected. There rvere two parienrs rvith a titer >300 EU
in whom we could not derecr C. p.vloridis; rhey rve re
each a close relative ol a patient with peptic ulcer
and C. pvloridis in rhe sromach. Among the patients
rvho were ercluded irom the study because of prior
antibacterial or antipeptic ulcer treatmcnt, there were
two patients ivho had apparenrly received cimetidine
or sucralfate. In the patient who received cimeridine,
C. pyloridis was not derecred, bur he had an anri-
body titer ol 5,750 EU. ln the patient who recieved
sucrallate, C. Ð,loridis rvas also not detected, and
the antibodl, titer rvas 1,010 EU.

We investigated the possibilir¡r rhat the higher
ELISA titers irr our patienrs rvould be associated rvith
the most-severe inflanlmation histologicallr,. Horv-
ever, among rhc 107 parients rvirh active chronic gas-
tritis, severe inllanlmariort *'as found in the biopsv
specimens ol patienrs *'irh lrt*, ELISA titers, betrveen
200 EU and -100 EU, and sorne parients *ith high
titers ha<i onli'ntilcl or rlrocleratelv scverc inllalllnra-
titln irr tlrcir biopsv spccirrrcrrs

An acid-gl¡'cine extract ol' C. jejunihas been tbund
to bc morc rcliablr thnn arc otlìcr antigeltic prepa-
rations tbr the scrological cliagnosis ol irrtictiorl *,ith
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that organism [6-8]. Despite the evidence thar 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. tetus, and 6. 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 [0], but we have lound
that unsensitized erythrocytes hemagglutinated as

readily as sensitized erythrocytes. An ELISA merhod
with formalin-killed whole bacteria as the anrigen
[2, l3] detected high titers in apparently healthy con-
tacts [2]. A CF method was used with an antigen
that was "a thick suspension of organisms" harvested
from a three-day culture I l]; a CF method was also
used with sonicated C. pyloridis as antigen, but l2
of 78 patients negative for C. pyloridls were lound
to have a high titer ol antibody [21]. The antibodies
to C. pyloridls detected in healthy contacts ol pa-
tients with peptic ulcer may be prorective antibod-
ies; immunoblot analysis may reveal rvhether differ-
ent antigens are involved in the serological response
ol healthy contacts compared with patienrs rvith
C. pyloridis.

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

The ELISA titers among our parienrs mirrored
closely the histological diagnosis of active chronic
gastritis, chronic gastritis, or normal histology. Tä-
ble I shows thar among the 3l patients rvith chronic
gastritis the median tirer was onty 150 EU, whereas
among the three groups with active chronic gasrriris
the median titers were 415 EU, 685 EU, and 96-s EU.
Among those with normal histology rhe median riter
rvas only ll0 EU. We regard these results as coniir-
mation oi the signilicance ol rhe histological rliag-
nosis ol acrive chronic gastritis in relarion to
C. p.vloridis intecrion. Price et al. [22] stated rha¡ in
their study the incidence ol C. p.vlorid¡s rvas sintilar
in patients rvith chronic or active chronic gasrritis.
\À/e question this observation and suggest thar rhcsc
authors have sct their nornral range t'or neutroplril
inliltration roo high, so thar they relcgatecl puticrtrs
rvith activc chronic gastritis to their chronic rlusrri-
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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 diflerent.

In addition to the presence of specific serum an-
tibody in patients in whom C. pyloridis can be de-
tected, the presence ol 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 oî C. pyloridis
by host IgA was present in all 83 cases of active gas-
tritis, and coating of bacteria with IgG or IgM was

significantly correlared with activity ol the gastriris
and was rarely seen in the absence ol neutrophil in-
li I t rate.

Our conclusions from this study are that sympto-
matic patients who have a titer <150 EU will be highly
unlikely to have C. p¡tloridis in the stomach, and pa-
tients with a titer )300 EU are very likely ro 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 e.ramination to determine whether C. pvlo-
ridis is present.
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Campylobacter pyloridis colonization of the stomach

na), b; an etiologicrl factor in gastritis and peptic

rlceration. Campylobucter pyloridis produces large

imounts oI urease. and the presence of th¡s enzyme in

;astric mucosl¡ usually indicates infection rvith the or-

ianism. In this paper rve describe the use of a rapid

¡reese test (CLOtest) to detect C' pyloridis infection in

positive at 20 min, 92% tt 3 h, rnd 98% ¿t 24 h' There

,n"r" no false positive results. Eighteen infected patients

rvere rebiopsied aftcr iì course of amorl'cillin lnd bis-
'muth subcitrate. Active chronic gastritis resolved in

eight of nine who were cleared of the organism' but

hñtological g'rrstritis was unchanged in nine patients

rvho rvere still inl'ected. CLOtest is a simple' sensitive'

rnd highl-v specific test that enables the endoscopist to

diagnose C. pytoridis infection in the endoscop]' room'

A Ãgative test after antibiotic therap¡' correlates rvith

clearánce of the bacteria and healing of active gastritis'

INTRODUCTION

The presenc e ol Cu in the stom-

ach ol patients with g ble etiologic

role ol the organism e. has been

discussed elsewhere (l-5). The bacterium is the most

likely cause of type B (antral) gastritis and is possibl¡'

an eiiologic agent lor peptic ulceration associated with

active chronic gastritis (6).

Until now, the study of C' pvloridis has needed the

cooperation ol a microbiologist and pathologist' Cul-

ture took 3 days. and histopathology at least 24 h' The

most rapid wav of, diagnosing the intècrion was by

microscopy of the smeared gastric mucus' but even in
'a reselrch setting this procedure took at least I h and

Receit'ctl lug I I ' 1986; revisetl Dec' I ' 1986' uc'capted Dec )'
I 986

Rapid l_Jrease Test in the Manage_nTnf o1*-
C o"Wylobacter pyloridís-Associated Gastritis

Barry J. vrarsharr, IvrB.BS', t *'tf,nT; 
*:TÏ|ilJ,îål.,YlfiÌ¿F'R'c'P'A, 

Graham J' Francis' B's''

c. stervart Goodwin, Nf.A., Nf.D., B.chir., F.R.C.Path, Dip.Bact., F'R'C'P'A', Elizabeth D' Blincow

Gastroenteroloe)' Department. Roval Perth HosPiral' 
rl:r:,i'.';,!{;;',í;i ¿0,"ìå'o"o' 

600 t 
" 

ancl Fremantle Hospital' Fremantle

I

lii

was very expensive ln terrns o[ the labor involved. We

saw the need for a simple. fàst- and reliable test that the

endoscopist could perfbrm to diagnose the intèction in

the endoscoPY room.
The large amount ol pretormed urease enzvme pro-

duced by- C. pt,lorirlis alforded f, means oldetecting the

organism without culture. Urease is not produced by

mammalian cells (7). so il it is detected bactena must

be present. Herein we describe the evaluation ola raoid

ureûse test (CLOtest) suiteble t'or use by endoscooists

The efl'ect ol treating gas;ntis uith antibactenal 'lsents
is also described. and tlle use ot'the test to monitor

such therap-u- is suggested.

DESCRIPTION OF' THE TEST

CLOtest is a mounted gel pellet containing urer'

hvdrolyzed to reletse ammonil. i.¿.. urease enz)'me ls

present. Cuntpt'lobucter pvlc'ridis is the onll' bactenum

ìnhabiting the gastnc mucosa that contains enough

pretormed urease to be detecred in the rapid urease test'

CLOtest detects only preiormed urease enz-u.'me' Fur-

ther production of urease by C. pv'loridis or other

contaminating organisms is prevented by a bacteriostat

in the gel.

Before an endoscopy session. the ClOtests are

warmed to 30"C in an incubator or in the endoscopist's

pocket. At endoscopy. a 2-mm pinch biopsv is taken

irom the prepy-loric -u.or". and the tissue is put!:d
beneath the surtàce of the CLOtest gei (Fig. l'l)' The

a rise in pH occurs (8). :

þ
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Ft(1. .. j. insenion of I mm pinch biopsy into the CLOtesr gel. \ l9G needle is prelèrrcd B. the CLOresr rs rcsealed rnd rhe rrmc tbr e oinL
olor to :ppcar is rccorded on the llbel (in this case I min) Ideel11". ClOtcsts should be incubared m ,ì0--:l"C bur rt is oÌìen morc con\e nrcnr ro
'eep ih.::n in thc endoscopist's pocket (also approximarelv j0'C). C. three ClOtests The one on the i¿,li *as posirive lr I min lnrj is nrrrv I n

'ld: ,., :':nher color change will occur. The center rest from l CP- patient is l4 h old lnd remains veilos The rest on thc ngirr rs lhe sr.me JS
hat :r I and B. i min ltier insertion ol the biops¡-

,rea

.IH.

I

l:O + 2H.O + ¡1+ urerse 
,

I
t{Hr

ammonium bicarbonare
fNHl* + HCO3-

N,I.ETHODS

Patient.s

The patients attended a d1'spepsia research clinic.
Every clinic patient undenvent upper gasrrointesrinal
endoscopv at rvhich multiple biopsies were taken to
detect C. pyloridis infecrion. Where possible. rhese in-
vestigations were repeered afier antibacterial therapv.
CLOtest was performed on everv patient endoscoped
between I August and jl December 1985 to give the
present senes.

Endoscoptt and biopsv
Patients were fasted overnight or tbr at leest 4 h

before endoscopy. If elective patients were taking H3
receptor antagonists. antibiotics. or bismuth conraining
drugs. these medications were ceased and the endoscopy
postponed lor l4 davs rvhen possible. Patienrs were
asked to drink a giass of milk the night betore the
endoscopy in the belief that this produced a rvhite top
on ulcer craters. which w'ere photographed. Premedi-t

I

.''In positive cases a red tinge develops around the
liops-u-. usually before the patient leaves the endoscopv
oom (Fig. I B). A color change does not occur il C.
iylorittis is absent (Fig. lC).
I To bc ol practical use it was decided that the CLOtest
,hould be read before the patient left the endoscopv
pom inominally 20 min afier biopsv) so thar therapy
,pulC be prescnbed by the endoscopist. As dav-cases
p¡nained in the hospital fbr 3 h after endoscopv, it was

Pnuer,ient to re-examine the tests at this time and
lagnr)jË Further patients bef-ore the¡r left hospital. After
þing ieft on rhe shelf overnigtrt tne ClOtests could be
þxamined l4 h after biopsy. Infected patienrs detected

l! this time could be telephoned ro return lor meclica-

i:''
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r lor endoscopy was with atropine and pethidine

nuscularly, with additional intravenous diazepam
' diately belore 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 GIFXQt0
'rptic panendoscope. After the stomach and duo-

'cap 
had been examined visually and suspicious

rs had been biopsied. four extra mucosal biopsies

mken from areas uninvolved by any local lesion

as an ulcer. The first two biopsies were taken from

reater curve o[ the stomach about 5 cm lrom the

us. One was placed in the CLOtest gel' The second

. ,v was placed in a drop of sterile l0% glucose'

, ,årated. and transtèrred to the microbiology labo-

v within 3 h. Two biopsies [or histology were then

r within 5 cm of the pylorus. at angles of about ten

ck and lour o'clock. These were tìxed immediately

-lffered f'ormol-saline. CLOtest results were not

:ioned on the histology or microbiology request

s. but normal clinical intbrmation was recorded'

I studv

're l,rst 52 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 biopsy had been taken. The ClOtests were

examined tbr further color change at I h and then

: dailv tor I wk.

.¡:rutclv timed studt (111 CLOtests)

"llis was a prospective study on consecutive patients
¡,hom the CLOtest was carefully observed. When
' 

tiopsy was insened into the CLOtest. the time wrs

rded on the package. The CLOtest was kept at 30'C

:he next 3 h and afìer that at room temperature

25"C). The test was examined as soon as the en-

ropv had been completed (2-5 min). at 5-min in-

lls during the hrst h. and at 30-min intervais untii
.ratienl was discharged from the hospital or 3 h had
' 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
r reexamined when the patients were discharged

i again xt 24 h. If the CLOtest had changed to orange

, rink within this time. the result was recorded as

, tlve.' v the time the data had been collected and analyzed.
', 'C. 

pvlorídi.ç status of another 130 patients had been

:rmined b:- CLOtest. histology. and microbiology.
j group was not used in the analysis except to

vide extra data in the graph of the CLOtest reaction

¿ (see "Results").

CLOtests read bv the microhiologist

These patients were undergoing endoscopic tbllow-

up in a double-blind treatment study in which the

endoscopist was not permitted to know íf C. pltloridis

infèction 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 (betbre 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. pvloridis

intèction. In addition to standard ulcer therapv. thev

had received either antibiotic or placebo. administered
double blind. As a result. about haif of these patients

were negative lor C. pyloridis. All niedication had been

ceased 2 wk before lollow-up endoscopy. The micro-

biologist did not know their C. pv'Loridis status belore

examining the CLOtest. but of course he knew the

CLOtest result at the time he examined the Gram-
stained smears. Correlation with the hrstology was not

obtained in this group because the patients are still in

a double-blind tnal. Data tìom these patients \\ere

included to see if CLOtest could inciicate the success or

hilure of antibactenal therapy.

\,IlCROBIOLOGY

lvlicrobiotog-u- specimens were processed in the rou-

tine laboratorJ excepl tbr the 6'l cases nlentioned above

that were processed in the research laboraton. The

tissue rvas ground. Gram stained and. cultured in a

manner prev'iousl-u' descnbed (9). The number of spiral

bacteria present on the Gram-stained smear rvas graded

tìom zero (no bacteria seen) to three (many bacteria),

and the culture result rvas recorded as positire or neg-

atlve.

HISTOLOGY

For histological examination. formaiin-hxed paraf'

fin-embedded sections rvere stained with hematoxylin
and eosin for -erading gastritis and with a Mav Grun-
wald Giemsa method to show bacteria. Sections were

recordeci, and examination of the histological spect'

mens was consecutive and blind. 'i

The flour pathologists used slightly ditïering terßi:
nology when reporting the biopsies. but the presence oI

f
I

I



3\
h 19,97

norphs was always recorded as "activity." and

¿e chronic gastritis" was the usual diagnosis when

porphs were seen. The term "chronic gastritis" was

iif ll'mphocytes or piasma cells were present in

ts, bLit polymorphs were difficult to fînd or totally

rt. Other abnormalities such as intestinal metapla-

rtrophy, edema, and fìbrosis were described but
not considered indicators of gastritis unless lym-

¡es. plasma cells. or polymorphs were also present

:cess. Typical histological appearances are shown
o)

rr €âSe of analysis. a coding scheme was adopted

arto that used in the study of Marshall and Warren
i lhe method has been described in detaii elsewhere

and iras been used by McNulty (12) lor the serial

;sment of gastritis. In this method- the most severe

L is gristritis with polymorphonuclear and mono-

ear cells present (active chronic gastntis). and a

r degree of gastritis is that which has no pol-'"mor-

rucielr but an excess ol mononucleer cells only

rnic gastritis). We gave a score of 0 l-or a completely
nal biopsy. I tbr a biopsy showing minor abnor-

ities without significant intlammatory cell int-rltrate.

'r chr;nic gastrilis as described above' and 3 lor
¿e cl,ronic gastritis. For analysis of patients who
.: biopsieii more than once in this senes. grade 2

further arbitranlv divided into mild and moderate

lnic gastritis according to the number of mononu-
r cells present (severe chronic inflammation never

, [neci without activity also being present). and grade

ns divided into mild. moderate. and severe degrees

ctive r:hronic gastntis according to the number of
/mor-Dl'rs present.

)EFI\;ITION OF BACTERIA POSITiVE AND
NEGATIVE PATIENTS

'o evaluate the CLOtest result. a C. pt'loridis positive

) was rlefined as a patient who had spiral bacteria
icrl of l-'. pvloridis detected on Gram stain or culture
ristological sections. When the histology and micro-
logy results disagreed. the histolog]cal sections were
tamined. and a consensus was obtained. For CP+
ients histological active chronic gastritis was usually
s€nt.
ìor patients participating in the double-blind study
clinical data was provided, and lor other patients
ry signifìcant endoscopic hndings were mentioned
ithe laboratory request forms. At Ro-v-al Perth Hos-
il the diagnosis of C. pyloridis infection by histology
culturc is not in contention. Campvlobacter-ltke

ilanisms are routinely reported on gasrric mucosal

['Þsies and have been diagnosed in 910 patients since
il9. In addition, C. pl,loridis has been cultured from

{ iir 300 parients since 1982.

CAMPYLOBACTER PYLORIDIS-ASSOCI,\TED GASTRITIS ]03

EFFECT OF ERADICATION OF CP

Eighteen CP+ patients. not in the double-blind study'

were rebiopsied after they had completed a course of
antibiotic therapy. The therapy given was bismuth sub-

citrate tablets I qid with amoxycillin 500 mg qid con-

currently ior l4 days. These patients made e group in
which analysis of the histology before and aiier 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 bactena had been cleared (CLOtest

negative). In addition. the I 8 patients described above

were compared with six C. pvlorirli.s negative patients

who were biopsied twice and who did not receive anti-

bacterial therapy or bismuth.

DATA ANALYSIS

To see if the CLOtest rexction time correlated rvith

the number ol bacteria secn on the biopsy. onlv CP-
patients with CLOtest rercting "r,'ithin 

180 min rvere

studied (i.e.. accurately' timed). Data on CLOtest reac-

tion times and numbers olbacteria rvere anallzed using

one-wav analysis ol variance by means of the SPSS-X

statisticel package (li). Analvsis of the trend between

numbers ol bactena and CLOtest reíÌction time used

polynomial regression. Comparison of means u Postcr-
rcrri utilized Schetle's and Duncen's tests. Companson
ol data on numbers ol bactena lrom microbiologv end

histology used lvlcNemar's relared samples ¡r test. Be-

cause only CP+ patients were analyzed. bacteria num-
bers seen were grouped as 0-1. 2. and 3. An average

grade fbr bacteria numbers rvas made by summing
histology and Gram stain grades tbr eech patienr and

grouping the result as 0-l (category l. lorv numbers ol
bacteria). 2-3 (category l. moderate numbers). and 'l-
6 (category 3. many bactena).

RESULTS

Pilot sndy in 52 patients

In this series there were ?7 CP+ cases. Trventl- trvo

ol these had a positive CLOtest result recorded at l0
min. Four more ClOtests became positive at 3 h and
one failed to reect. 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 dehned as CP+. All patients with positive

CLOtest results (detined as a color change in under 24

h) had active chronic gastntis (Table l).
There were ibur delaved CLOtest reactions (i-14 h)
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l. D and E. same patient I month alìer clerrancc ot'Cp
rms (now CLOtest negative). D. lorv power view alìer enribioric
r shows normal appearance ol the mucus-secreting epirheliel
rrri:r'). They iìre now of regular heieht with parallel borders.
:h has an intracellular cap of mucus equal to about 50% ol
deprh (hematoxylin and eosin. original magnitjc:lron. x ll0).
ei Dower shorvs thar the lamina propna srill conrains u slighr
rlsmall round cells and plasma cells I arroty.t). This lppearance
be graded as either "mino¡ changes only" or "milä chronrc
;." (hemaroxylin and eoxin. onginal magñifìcerion. x.100).

re described in detail. In three ol 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_
nr' was taking high dose antacids; one had. ceased
vciìlin and bismuth subcitrate 7 days before en_
p!: and one had deiayed gastric emprving and
Lken cimeridine 400 mg on the night before the
:opy [very high doses of cimeridine inhibit Cp ¿n
3)1. The CLOtest in these patienrs reached an
) rolor after 12-24 h and then progressed to red
)e cases by 48 h.
he 25 CP negative parients. 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_
iiug contaminant bacteria to grow. Afieithe pilot
¡esults had been analyzed. all color changes oc_

Frc. l. Fand G. example olnormal anrrll mucosa. F. elands ere
plcnrilul. The llmina propna consrsrs ot'loose connectivc ùssue wirh
lèw lvmphoc¡,res or plasma u-ells lnd vinuallv no poivmoçhs. The
epithelial cells conrain a thick inrracellullr mucus !-ap ùnd rhe cclls
show the normal "picke-r lènce" arrangemenr (ulso seen in (.end Dl.
{hemaroxylin and eosin. onginal magnirìcerion. x ll0). (¡. hiehcr
power oi F. Polvmoçhs are lbscnr rlrhough occrsional plusml 

"-eil.can be seen r¡l,rr)*.r). {hcmarox'lin ln,i eosin. onginlr nragnirìcetron.
xl00).

curring afìer 14 h rvere ignoreri. No Cp nesÍìriv.e paricnr
in the pilot study had acrive chronic gestn-ris (Table L).

I4I CLOICSIS TIIVIED AND REPORTED BY THE
ENDOSCOPIST

This senes was obtained lrom I l l patients ar l_|
endoscopies: l8 patients were biopsied on trvo occasions
and six patients on three occasions. The initial clinical
and endoscopic findings of the I I I patients are sum_
manzed in Table 2.

Seventy nine of the l4l biopsies were from Cp+
cases. The CLOtest was positive in 7 5% of these within
20 min. 92% within 3 h. and 9g% at24 h. All ClOtests
reacting before 3 h gave a deep red color at 24 h. the
hve ClOtests that took 2¿+ h to react only reached
shades of orange at that time. ClOtesrs thar had turned
orange during the first 24 h progressed to pink or red
bv the third day. There were no talse positive CLOtest
results when color changes occurring atÌer 24 h rvere
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T,rst-e I

Ilistological untl Entltt.scopic Diagrutses' Pilot Studv: CP+ Patients

witlt Positt'c CLOtcs¿ at l0 min

pv'loridis 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 lor the

l4l 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 oIthe presence

of C. pvloridis, 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-

mined by subsequent Gram stain and culture. CLOtest

correctly picked 29 of the positive cases at 3 h and the

other three at l4 h (by which time the Gram stain result

was also knorvn to rhe technologist). Thus there was

T,r r¡lr l
Pattcnt Brcukdown CP+ ("¡t

n HistologY Endoscopy

.1

I

2

I

2

I

I

I

I

I

4

I
1

ACG
ACG
ACG
ACG
ACG
ACG
ACG
Acc
ACG
ACG
ACG
ACG
ACG

CP+ patient with negative CLOtest

I ACG

Duodenal ulcer [DU]
DU, gastric ulcer [GU]
DU, hiatus hernia [HH]
DU. esophagitis
DU, antral gasrritis [AG]
CU, Barrett's esophagus. AG
GU, duodenitis
GU (healed), esoPhagitis. AG

AG. duodenitis
AG. esophagitis
AG
HH
Normal

CP+ patients rvith positive CLOtest rt 24 h

I ACG DU

I ACC DU. CU

I ACG DU (healed atìer antibiotics)

DU (on neomlcln)

CP- patients rvith negative CLOtest

(histology verbarim tÌom path reports)

i Chronic atrophic gastritis HH ll)
Normal ( l)

6 ìVIild chronic gastriris Pvloroplasty ll)
Esophagitis ( I )

Esophaeltis. AG ( l)
Large gastric residue (l)

I Quiescenr gastritis DU scar ( l)

-i Prst gastritis DU CU (taking rspirin) { l)
Ac rl)
Normal endoscoPv I [)

I I Normal histology. or Hiatus hernia ( l)
minor changes onl."- Barretl's esophagus ( l)

AG (-j)

Normal endoscoP¡ (7)

CP- patient with "positive" CLOtest (at j6 h)

t Normal histology Normrl endoscopv

ignored. In the l4l consecutive cases tested there was

onl)' one CP+ patient who was not detected bv the

CLOtest. In this patient one olthe histology specimens

contained only intestinal epithelium. and it is possible

that the biopsv put into the CLOtest v/as also intestinal

and did not contain the bacteria. The curve in Fig. 3

was obtained by combining data from the l¿11 accu-

rately timed ClOtests with the subsequent 130 in
whom CP status was determined (see "lvfethods").

COMPARISON OF CLOtest. IvfICROBIOLOGY"
AND HISTOLOGY

Gram stain and culture in the routine laboratory
were not as sensitive as CLotest. Seven biopsies with
negrtive Gram stains and cultures. but shorving C.

+ CP+ ulcers werc treated rvirh bismuth plus anribiotics ll is nol

usual lor CP to disappear when ulcers heal on other t-"-pes ol therlpy'

9/l poar¡rvc
I hour¡

n CP+ (i¡)

Sex

Malcs
Femules

Total

Endoscopic diagnosis
Duoclenal ulcer
Glstric ulcer
Castriris or duo<ienitis
Esophagitis
Healed duodcnal ulccr'
Heeled gastnc ulcer*
Normal endoscop¡

Total

t4

)l

ill

J6

Ilì
6l

6l
.19

53

I

l_l
j
6

0

3

64

l6
l

l9
3

t8
l

l3
ll

9l
r()
68

l3

0

58

?s

CUMULÁ,TIVE
PERCENT
POSITIVE

20 6inu6

0ú{060

27I CICNSECUTI\'E P lTIENTS
t58 CP. il3 CP

tñ l8I'

REÂCTION TIME f mro I

Frc. 3. Graph ol CLOtest results vers¡¿.ç time (0-130 min)' 'f!l:
graph includes dara tìom the l4l accurarely timed parients plus lJtr';

consecutive patients subsequently biopsied.
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T¡¡¡le J

CLOtcst Reaction Tintc t"; ßactcrru :\umber-s i=ve CLOtcst.s

reacting witltin 180 minl

CLOtest Micro-

20min l¡ r4¡ biologY

Histology
Histology

ACG Other

Reaction
Time
(min)

95%
Con tìdence

lnterval
(sD)

r (79)

- (62\
te-negallve
;e-poslll ve

59

62
20

79

6t t9
2t
33

7)

2l
26

l0

.1 I

JJ

r2

3

60
76
)

13 '78

62 62

6l

72

62
7

Cram stain
(j- t

1

J

Total

Silver stain
0-l
)
J

Total

l-.+0
It-4 I

6-15

J% concordance between the CLOtest and microbi-

)gy resuits. The histological data from this group

uld not be studied to confirm the microbiological
,ults. but we know fiom other studies that the isola-

n riìte in the research laboratory approaches 100%
'infècted cases (9).

fhese patients were participating in a double-blind
al. and all had been CP+ befbre treatment. This
ies is rncluded to demonstrate that a negative CLO-
;t 2 rvk after antibiotic therapy is evidence olclcarance
the bacteria.

EFFECT OF ERADICATION OF CI

Dc-tailed analysis of the patients who were biopsied
'o or more times was undertrken. Active gf,stritis wes

bdivided into mild. moderate. and seçere and chronic
stntis into mild and moderate as descnbed in "lteth-
ls". There were l8 patients treated lor C. pvlorttlis
tection who were biopsied more than once: half ol
ese were cleared of the bacterium. Si.r CP- patients
:re also rebiopsied and are also included as controls.
Active chronic gastntis resolved in eight of the nine
ttients in whom C. pvloridi.s rvas eradiceted. ACG did
lt iesolve in any of, the nine patients in ivhom the
fection persisted (Fisher's exact test. p : 0.0002). The
P negative patients had no active chronic gastntis
iitially. and no one developed it during the observrtion
:ricd (see Table -l).

]ORRELATION BETWEEN CP NUìVÍBERS AND
CLOtest REACTION TIìVIE

CP+ cases who had a CLOtest reaction time ol3 h

¡ less were used to examine the correlation betrveen
hction time and numbers of bacteia. In this group

le CLOtest had been accurately timed. Although a

Entl appeared in the histology results the correlation
þ not signihcant (p : 0.15). There was no significant
$cliation between the time it took the CLOtest to
pct and the numbers of bacteria seen by Gram stein

'ùCiemsa stain (see Table 4). Horvever. when the CP

lumbers scored bv the microbiologist and histopathol-
Pst were averaged there was a signif-rcent reduction (p

' n.05) in the reecÌion time lor those with manv

l6
38
l9
i3

42

77
r5

2.5-41
o l?

4- l8

a5

ro

ll

bacteria (category' 3) compared to those with [eu' bac-

teria (categones I and I combined). Since the reduction
was only signifìcant rvith Duncan's test and not rvith

ScheiTë's test (the more consen'ative ol the two) thc
association can onll be regarded as tentative. These

hndings differ with those ol llcNuln and Wise (14)

and Moms et ul. \ tj) rvho reponed good correlation
between urexse acti\itt- and C pvlorttlts numbers in
similar tests.

DISCUSSION

The trrst repon ol ¡he isolation ol C, ,r.t'irrt'tr1i.t incor-
rectly stated that the organism wts uretse negíltivc ( l6).
The error arose beceuse rve had greet difllcultv propa-
gating the nerv organism in 1981. Thc' liigh ureesc

activity of the bactenum \\'as later noted b¡' Langenberg
et al. 117) and rvas subsequenÌlt used bv Or.ren ¿¡ ¿1.

(18) t'or rapid laboratory identilìcation. The develop-
ment of the rapid urease ¡s5¡ to[srved our observation
that the urea concentration u'as lorv in the gastnc juice
oI patients inf'ected rvith C. pvloriclis. rvhereas gestric
juice urea concentrltion in patients without grstntis
approximated that oi the blood (19).

In our fìrst attempts at a biops-u- test. Christenson s

medium (a laboratory medium lor detecting urease in
bacterial cultures) was used. The gel changed color
when inlected gastric mucosa rvas inserted. but the color
change usually took more than I h. We incorporated
the reagents into a smalì gel pellet to obtain the neces-

sary speed. but occesionally a lalse-positive reaction
occurred. possibiy due to contamination with alkaline
bile or the growth of other urease producing bacteria.
The addition of a bacreriostat and pH buffer enabled
us to control these hctors; in particular. there were no
false-positive CLOtest results even in patients with duo-
denogastric bile refl ux.

The population lor the studv was not entirely ran-
dom. There rvere almost no emergency ceses. NIost ol



D\
ie patients were relèrred liom general practitioners.

,ther than being hospital inpatients. Because of this it
as usualll- possible to cexse medications which may

rve interfered with detection oI the bacteria. well

:lore endoscopy. For instance, the procedure was post-

tned for l0-14 days when the patient had been taking

rsmuth containing drugs or antibiotics.
, In this study we could not examine the possibility

ìat patients with duodenal ulcer disease have more

lstric urease than. lor instance. patients with nonulcer
yspepsia. It is possible therefore that the excellent

:sults obtained with CLOtest will not be repealed in

rore random samples of CP inlected dyspeptic pa-

ents. In ¿ddition. the routine ingestion of milk on the

vening prior to endoscopy. may have enhanced the

rease content of the mucosa (milk contains uree). To

nable comparison ol our patients with luture studies.
,e have included the endoscopic and histological fìnd-

rgs of alt patients in the pilot study (Table l). ,All CP+
atients in the pilot study had histological active gastri-

s. In these 27 patients. there were l5 patients with
ctive ulcer disease. eight with antral gastritis and/or
ther lesions and only tour who were endoscopicallv

ormal (includes two patients rvith "healed duodenal

lcer"). In the 25 CP- patients. there were eight w'ith a
ormal endoscopy and six who had an esophageal

:sion. The only duodenal ulcer in the bactenr-negetive

roup was in a patient who had taken nonsreroidal an-

iintlammatory drugs. Table I compares well with our
,bsen'ations in previous studies (1. i) in rvhich CP+
rerients tended to have abnormal endoscopic tìndings.

ranicularly- peptic ulceration (p : 0.00004. Fisher's

rxact test).
Teble I also demonstrates that a normal endoscop-u-

loes not exclude the presence ol gastntis. We are not
he tirst to lìnd that a normal endoscopy did not exclude
he presence of histological gastritis (20). The corollary
rlthis observation has also been stated: the endoscopist
nust pertbrm a mucosal biopsy in ever'" patient so that
ristological gf,stntis is not overlooked (2 t).

In the accuratelv timed series of l4l ClOtests 75%

f C. p.v'loridis inièctions were detected within 20 min-
rtes of biopsy (Fig. 3 and Table 3). In practice. when
he CLOtest started to change color belbre 3 h. it always

:ontinued to deepen in color. reaching deep red or
rurple at l4 h. Thus there were no equivocal readings

rf ClOtests which had become positive in the first 3 h.
rive ClOtests changed to orange al 24 h. These were
'ead as positive and all five proved to be tiom infècted
latients. Although we recognize that the number ol
;uch slow reacting ClOtests was small. a report tiom
rnother center (15) and subsequent experience at this
rospital indicates that CLOtests which turn orange at

14 h are CP+.
Our results are almost identicai to those reported by

llorris ct ul. I l5) *ho tbund compiele agreement be-

nveen CLOtest and microbiolog-v- in a series of 70
paticnts. 48 of rvhom w'erc inlèctccl with C pvloritli.s.
ln our series the sensitivity' ol CLOtest was 98%, and
the specifìcity was atso 100%. [n order to retìne these

fìgures we biopsied 130 more patients (79 infected).
afìer our detailed data were collected. and obtained
identical results. The combined total of 211 accuratelv
timed ClOtests is described in Figure 3. In this large
consecutive series we did not see a lalse-positive result,
and only three false-negative ClOtests occuned.] !

We have included data on a series ol 64 ClOtests
read bv the microbiologist because these were tiom
patients taking part in a randomized double-blind trial
of antibiotic therapy' for duodenal ulcer. All these pa-

tients were CP+ initiallv and about haÌf became CP-
afÌer therap-v". The lollow-up biopsies were alwavs urease
positive tor CP+ patients (t-ailed therapv) and negative
lor CP- patients (successful therapy). Although the test
correlated with eradication ol CP inlection in all pa-

tients in this series. rve have subsequentlv observed t',vo

cases in which lalse-negative results were obtained rvith
CLOtest I wk atier antibacterial therapy. Because of
the decreased sensitivitv of a urease test in these casu's.

',r'e therct'ore recommend t;rat afier antibacterial the r-

apy. lt davs should elapse before rebiopsy'. and two
biopsies trkcn tiom diflerent arees ol the antrum be

tested.
In our study there was no signifìcant association

betrveen bacte nal -numbers seen at microscopy' and the

rate at which the CLOtest chaneed color in infècted
patients (Teble -1). Perhaps a slorver test such as th:Ìt
used bi' NlcNulty' at ul ( I l) rvould have given bette r

resolution of rctual reection time. It is inconvenient to

examine CLOtesr beibre the endoscop-v- is complete so

in many cases e ven' rapid reaction would have been

noted only at -i min. ,\nother possibilitv is that orien-
tation ol the biopsv in the gel could rilect the relction
time. a problem which rvould not be encountered in a

liquid medium.
We did not set out to test t-or a correlation betrveen

CLOtest reection time and bactenal numbers seen on
Gram stain or histology so bacterial numbers were only
estimated rerrospectivelv tiom descriptions in the mi-
crobiolog;- and pathology repons. We noted a statisti-
cally significant difference between numbers olbacteria
reported b-v.' the two methods (lv[cNemar's test. p <
0.02). the Gram stained smears producing higher
counts. The poor correlation between CLOtest reaction
time and bacterial numbers detected bv Grem stain
and/or histology suggests that the reported association
between the two (14. 15) is weak and that C. pv'loridis
organisms. like gastritis. have a patchv distribution'
Patchiness of bacterial colonization is especiallv likelY
in patients who have intestinal metaplasia ol the stom-
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ach. a type ol epithelium not colonized bv C pvloridi's

(5)
Our study contìrms the association between C' Ð'lo'-

irlis inlection and active chronic gastritis reported by

ourselves and others (l-3.22,23). As shown in Table

3. the presence of polymorphs in a biopsy was an

excellent predictor of C. pvloridis infection' Of patients

with active chronic gastritis 97% htd C' pvloridis'

The almost universai presence ol active chronic gas-

tritis rn CP intected patients contradicts the fìndings ol
Jones e/ at. QÐ who found that gastritis was associated

with C. pv'loridis infection. even when polymoçhs were

not rncreased. Our inclusion of two biopsies lor histol-

ogy enabled us to have at least one adequate biopsy

spåcimen from every patient whereas other investiga-

tors iìlav have had to compromise when only a single

biopsy was examined by the pathologist. Perhaps in the

study'of Jones e¡ al. QÐ a mild increase in polymorph

numlters was included as part of their normal range'

Alternativelv. our patient group may have differed tiom
that of Jones e/ at. (24). perhaps containing a much

higher proportion ol patients with duodenal ulcer dis-

ease. Our histological tìndings are in agreement with a

similar series reponed by Ho et al. (22) rvho lound

ACC and CP inlectron in 98 and 99%. respectively. ol
109 ;ratients with duodenal ulcer.

We have included data on the healing ot' gastntis

because it is not generally recognized that histological

gastntis can be treated (25). Tvpe B. or antral gastntis.

is thc'ught to be an aging process b-"- some (16) or due

to damaging agents such as bile bv others (27). The

association ol gastntis with peptic ulcer disease is rvell

kr:o',in. but chronic gastntis alone has not been proven

to cause dvspeptic symPtoms.
One ol the dilficulties in the studl' of gastntis has

been the complicated nomenclature. and the tendency'

ol other anthors to merge terms such as atroph-v- and

intestinal metaplasia with those describing gastntis (13)'

To ¡.void this problem we have restricted the term
"gastritis" to meen tissue which contains an excess ol
inlìanmatory cells. usually polymorphs and/or plasma

cells rnd l¡,mphoc¡rtes. In this scheme the most severe
iorrri is that containing polymorphs and mononuclear
cells, "active chronic gastritis" which almost alwavs
tr¿nsfbrms to a less severe grade of "mild chronic
gastritis" after eradication of CP.

r' As shown in Figure 4. polymorph infiltrations dis-

¿?ÞÞeared in biopsies lrom eight of the nine patients in

iwhom C. pvloridis was eliminated. This produced a
rstnking change in the appearance olthe mucosa. In the
finitial biopsy of a patient with severe active chronic
lBastdtis a dense infìltrate of mononuclear cells and
lÞol¡,morphs was present (Fig. 2,{ ). polymorphs invaded

'the necks o[ the glands (Fig. 2B), epithelial cells were
damaged (Fig. 2.{), and curved baciili were present
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Frc. 4. Castritis grades in patients who were rebiopsied atìer
antibacrerial therapy The initirl and lìnal biopsies are included lor
14 patients: I8 ol whom showed C Ø'loridi.¡ and six who did not'
Nine olthe CP+ cases were cleared olCP and the gastritis improved.
In the nine who were not cleered o'l CP. active chronic gastritis

remained. [n the six patients who did not have CP. there was no

change in the near normal appearance ofthe mucosa. \ote that the

loweit grade seen in anl ofthese biopsies was "mild chronic gastritis:"
none olthe treated patients returned to complete normalitl'.

(Fig. lC). Two rveeks alter completing therap¡. poly-

morphs had completelv disappeared and mononuclear
cells were greíìtlv reduced in number in the lamina
propria (Fig. lD). The epithelialcells rvere then normll
(Fig. ltr) bur the biopsy still contained a slightlv in-
creased number of plasma cells as compared to I com-
pletelv normal specimen (Figs. I F and G).

We emphasize that the changes descnbed herein ¡.lre

not unusual. As demonstrrted in Figure -1. rvhich de-

scribes a subset of patients tiom the l'll lccurate[1
timed series ol ClOtests. heeling is the norm atier
successtil antibacterial therapr'. When the bactena dis-

appear. the histologicll gastntis shows I marked im-
provement. ln contrasl. acli\e chronic gastntis contin-
ues in patients rvith persistent C prloridi.s intèction.

Vlarshall et ul. (28) rvere the tìrst to repon hceling ol
active chronic gastntis and disappearf,nce ol C prlori'
c/i.s in patients tretted w'ith bismuth subcitrrte (DeNol).

That studv could not exclude the possibility that tl.ìe

gastntis healed because of a "mucosal protective etlect"
of bismuth. unrelated to its antibacterial acrivitv. Pro-
ponents ol this vier.v maintained that onl¡' iniìamed
mucosa was susceptible to colonization b-t C pvloridis
which was therefore an opportunistic in.,ader rather
than a primary pathogen (19). This controversy is ad-

dressed by the present studv in which 18 patients were

given 14 days ol concurrent therapy with bismuth
subcitrate and antibiotic. When they were rebiopsied 2
wk after ceasing therapy the gastritis had improved in
all patients cleared oî C. piloridis but the histology did
not change in patients who still had C. prloritlis in[ec-
tion (Fig. 4). As all patients received bismuth therapv
the results suggest that bismuth has no antiinilamma-
tory action except that which comes lrom its antibac-
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renal action. Therap¡- 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 therap¡r.
CLOtest positive patients are prescribed a 2 I -day course
of colloidalbismuth subcitrate (De-Nol) tablets. Recent
work by McNulty et 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, therap¡, may be commenced immediately
in the 92% of infected patients who are detected before
lcaving the hospital (3 h). After l0 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 da¡,s I I to 2l of the course: (usuall)'
tinidazole I g daill'. amoxycillin 2 g daily. or er-\,thro-
mycin 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-
mediately. As all isolates of C. Ø,loridis are sensitive to
bismuth. all patients are immediatelv on effective an-
tibactenal therapl- and are not subjected to the nsk of
a useless antibiotic.

In conclusion, the rapid urease test is a sensitive. and
highly specihc indicator of C. pt,loridis infection. Its
rourine use enables gastroenterologists u'ithout micro-
biological expertise to diagnose C Ð,loridis infection.
The test is a useful aid to the mânagement of patients
r¡,ith gastritis.
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PROSPECTTVE DOUBLE-BLIND TRIAL OF
DUODENAL ULCER RELAPSE AFTER

ERADICATION OF CA.TVTPYLOBACTER pyLORr

Bannv J. M¡Rsu¡LL' C. Srav,anr Gooov,lN,
J. RonrN \7¡nn¡Nr RAyÀro^*D MuRruqy'

ELTzAtsETH D. BLlNcorv, SrElseN J. BL¡crc¡ouR^-.
MICHAEL PgrLLlpss Tno,rtcs E. Var.¡Rsl

CHRrsropHER R. SaND¡nsoN'

,,

Uníutrtn, perths

Sutntnary 100 consecurive parienrs with borh
duodenal ulccr and Canpt,lobacter pt,htri

ini:crion we¡e lollorved up to sce whether eradication of
C pylori aflected ulccr healing or relapse. paricnrs *,crc
randomly assigned ro 8 weeks of trearrnent with cime¡idine
or colloidal bismurh subci¡¡ate (CBS), rvirh rinirtr.sl. ..
placebo being given concurrenrly from days I ro 10,
inclusive. Endoscopv, biopsy, a¡d culru¡e wlere done ar

Introduction
-l-HE 

associarion bcr*,ecn pepric ulcer disease a¡rtl antral

receptor antagonists and preventcd duodenal ulcer
relapse.ts

In a pilor srudy, we observed long-term e¡adicarion of
C Ð,lori in some paticnrs treated with CBS-an¡ibioric
combinations.ó Herc we dcscribe how we tcsted thc
hypothcsis that persistcnce of C pt,lon afte¡ ulcer healing is
rclated borh to active chronic gastriris and ulcer relapsc.

Methods
Paticnt Selectiott

Pauents had ro have a ducxlenal or pyloric canal ulccr ar
endoscopy ofar leasr 3 mm dramerer, aged 18 ro 75 yean and, apan
from their DU, b€ in goo<j ht:lrh. Those k¡own ro havc tr]<cn
bismuth-containing drugs, anribioucs, non-srcroidal and_
infìammatory drugs, or conicosreroids in rhe mon*r beforc
diagnosis werc excludcd, antl rhqse drugs wcrc forbiddcn Ior rhc
durauon o[the srudv, excepr as required lor the r¡earnent regimcn.
Pauents who had undcrgone gasrric surgcn.morc cxrensive than ¡

Endoscopt, and Bìopst,

Four biopsy spa:imens rverc ralien tìom anral mucosa > cm
proximal ro the pvlorus. Th
test ('CLOtest', Delra \\'esr
microbiological examinarion
examinadon. Trvo biopsl'
duodenal cap for hisrologrc:al ex¡rninarion-¡ne lrom rrr¡cr
duodenal mucosa ¿wav from rh.' ulcer, rhe other tiom the disral
brorder of'the ulcer.

If the CLOrcsr on rhc tirsr urrr.rl biopsl spccimcn indicarecl rhc

srud1' and ucared convenrionallv
Doctors who managed rhe paricnrs rvere blindetl ro rhc hisrologl.

a¡rd microbiology findings excepr for rhose rcquìrctJ tirr

8ó:6,8ó27 O'lhc Lmccr Lrd, lg8s
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randomisadon. Endoscopic and laborarory frrdings were not
revealed to patients unless they had completed, or were being
removed from, the srudy.

Histology Methods

Pathology specimens were placed in buffered formol-saline,
mounred in paraffrn, and suined with haematoxylin and eosin
(H&F) for general c_',tology and histology, and with Giemsa and also
Wa¡thin Surry (WS) suins ¡o show the bacrena.

The H&E section was graded under low and medium power for
gasrritis, as previously described.ó Polymorphonuclear neuuophil
leucocvtes (PMNs) and mononuclear leucocltes (monos) were
scored 0 ro 3. A gasriris "grade" of G-6 was obuined by adding
these scores.

All specimens were rhen examined for the presence of
CanpS'lobacter-like organisms (CLO) in the H&8, Giemsa, and
VS suined sections.

For microbiological examina¡ion! a comer of thc spccimen rvas

cut offwith a srcnle scalpel blade a¡rd a gram suin of úra¡ marerial
was examined tor CLO. The remaindcr rvas ground and cukured
on scle crive and non-sclecdve media for 6 da¡'s ' C p,r,1ori organisms
were idenrified as gram-negarive cuned rods ç'hich produccd
cåtâlaser urcase, and oxidase. Thc suscepubili+ of each isolare to
¡irudazole was derermined as reponed elservhere.e

Randonisation ard T lrcrapy

Patients rvcre straufìcd lor gcnder, age, smoking, and dur¡rion of
ulccr disease \\'i rhin erch group, thc lour thcrapics rvcrc assi gned in
r¿ndom order Parienrs reccir cd eirher cimcudine (CIM), 4@ mg
nvice a dar, or colloidal bismurh subcir¡arc (CBS,'Dc-Nol') one
ublet four umcs a dar (.{80 mg bismurh pcr dal calcularcd as Bi,O,)
CBS rvas given on ân emprv sromach,l0 min ro I h before meals and
ât bedrime Patients also reccived eirher rr¡ridazole (T) 500 mg nrìce
a dar'('Fasigl'n', Pfizer. Svdnel), or an irlcnrical placebo (p) from
rhe fìrs¡ ro rhc tenrh da¡ of rherapr The lour rrc:rrmcnt groups wcrr
cimetidinc'placebo .CIl,1 p), cimeúdinc rinidazole (CIÀ1 Tì,
CBS, placebo (CBS pl, a¡rd CtsS únidazole ¡CBS T).

'I-o blind rhe endoscopisr to rhc temporan'srarning of rhc moutlr
and stcruls seen in somc parienrs rvhrr ¡ake CBS, lll thcrapr.uas
rvirhdrarvn tor I{ d¿r s bcforc rhc se cond cndoscopic cxaminlrion trr
rveek l0 Paüents rriùl probalrlc ulcer svmpRtms a¡rtl;or ulcer
craters rverc rvithdrarrn tìom che srudv Parienrs rvho wcre well utd
whose ulccrs had healed rrerc cxamined b),endoscrtp].and biops¡.
22,)4,and 62 qceks atìcr enrn',tìg I, -l-here rr¡s no mainrcn¿urcc
rherapl', antJ patienrs rvere c¿rurioned not t(r take a¡rtibiorics,
antacids, trr bismuùr-con[aining Jrugs

Durng rhcrupr, prtrblcms rrrth rncdicltion eg, scr.crc puin or
possible side-ettecrs \r'crc muragcd orcr rhc tclcphonc br thc
phrrmlcist rr'lro hird usurllr nor \ccn Llìc pirricnr hur rvho did hlrc
acccss to thr trcruncnr c0dcs Altcr thcftrpr', if sr rn¡rtoms rccurrctl.
thcy also c.rllcd úrc pharmucisr çil lr lilabìc) o¡ rhc inr csrigators in iu-t

emcrgcnc\' .{s tàr as possible rhcre rr'¡s no communic:rtion betrvecn
patients ancl rhe chief investignror, so r.h:rr rhc trlcer ,Jrug gir cn
rcmained investigaror-bLind

Bctìrre erch endtrscopic cxminrrrirrn drc plticnr, s irh rhc lid ot'r
rcscarch ¿ssist¿rnt, complcrcd i¡ :\ mpt\rrn qucsrit'nrrairc rrnd Zung
dcpression scalc."'\'iral signs rrcrc rhcn rcct¡rtlcrl. a bricf-phr.sical
examination rvas donc, and a bkxrrl slmplc rr.as dmrln tìrr (ì¡r,/,'ri
serologl' rr

'rrE L{NCET, DECE}IßER 24 I l, lggg
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Completion Crìteia

Paricnts completcd thc srud-v if they had an ulcer (unhcalcd u¡çq.
or rclapse doormented endoscopiczlly) at any tlne afier completi¡g
thcrapy; if thcir symptoms persisrcd during and aftcr thcrapy, s¡
rccurred (sympromatic rclapse); or if they rcmaincd ulccr-frcc and
symp(om-free and completcd rhe follow-up period of [2 monrhs
(fle l).

Study Design and Analysis

Ar each evaluadon, C ¡tlon-posiuve (CP+) padenn were
dehned as rhose in whom ¡he baocria wcre detected by culrure or
hisrology. C pylori-negauve (CP - ) patients were rhose n whom Ç
pltloi was not detecred by orlrure or histology.

For the starisdcal analysis and ubles, patiens were grouped es

healed/unhealed at I 0 weeks (second endoscopy), ürd relapsed/not

relapsed ar ó2 weeks (l year post-treaûnent). Pxtients wiûr healed

ulcers but persisten( ulcer symproms at the second eldoscopy were

therefore g¡ouped as "healed DU" and "slmptom relapsc 0 weeks

after healing".
For comparison of the treatmerrt groups at baseline, a one-way

analysis of variance was used for continuous variables and a ¡' tcst

was used for nominal or ordinal scale variables. Life-uble analvsis

was done usrng the survival anal)-sis available on the SAS package.

The results obuined were consistent with sigrufrcance valucs

calorlated rvith a Fisher's exact test, so for simpliciry onl¡- the lattcr
values are circd in rhe text Histolog)- grades were comparcd wù
Vilcoxon's test.

Resuls

Of 107 consccutive eligible paticnts w,ith duodenal ulccr,
7 ç'cre withd¡a$Tr from the srud1' bcc¡usc Cp),/ori could no¡

bc detccted on histological cxamination or culrurc. Thus 100

parients w,erc randomiscd to tlìerap)'. Thcre rvcrc no maior
diffcrcnccs bcnvecn thc four rrcaüTrcnt groups (rablc I)

All exccpt 2 patients completcd âll aspccts of thc srudy. I

man did not attcnd lor his sccond (rvcck l0) cndoscop)'

bcc¡usc hc fclr rvcll and had takcn a job rn thc ourback. l
',r'ceks latcr, during an apptrcnt ulccr rclapsc rvith vomiting
cpisodes, hc had a mvoc¡¡dial intbrction. Barium mell
rcvealed a duodenal ulcer cmtcr I 5 cm in diametcr and C

p_r,1orr r.r'as tbund at cndoscopv in rvcck 23. For thc irnlllsis
he *as classed as CP f , healed, rrit-h subsequcnt rclâpsc n
week 15. A sccond man lefÌ Ausrralia, bur bctbrc his

dcpamrre in rvcck 29 hc *as endoscopicallv and clinicall|
normal w'ith a CP - biopsv
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T^ALË II-HILALINC AND REI-{PSE DA'|A BY THER.AI'Y AND

BY C PYLORI STATUS AFTER THERAPY

Gmup (n) rlcll (% )

both the healing and relapse analyses and grouped with thc

CP - patients (ie' pacients in whom C pylon was eradicatcd

by therapy).
Clea¡a¡rce of C pylori organisms resultcd in improvement

in the histology. PMN scores decreased from l'79 to zero in
patients clea¡cd of C pyloriQt <0 0001). In conu'ast, PlvlN
scores were unchanged in pacienrs wittr persistent infection
(average grade after therapy l'74 ISD 0'62]). Mononuclear
cell scores also improved sigrrficantly, falling from a mean of
2.5 (0'5) to l'6 (0'5) in patients cleared of C pylori' but not
changing in patients with persistent infecrion (p < 0 001 ) (fìg

2).
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Ulcer Healirg

Healing occurred n 92o/o of patients in whom C pylori
was not detected at the lo-week endoscopy' whereas only
6lo/o of parients with persistenr C pllori healed (43/71)
(p :0 001).

Ulcer and SynPtom RelaPse

There were 70 patients with healed ulcen at rhe l0-week
endoscopy, 35 of whom had received cimetidine. During the
l2-month follow-up period, relapse ocorrred in 12 of 13

CIM/p patients (92o/.) and 18 of 22 CIMiT patienrs (82%")

(fig 3). This difference was not signihcant. The relapsc rate

for all cimetidine-treated parients was thus 86'/. n 12

monúts.
In the CBS/p-treaced group, 8 of l5 had a relapse (537o).

The relapse rate was less than that in the combined
cimetidine groups þ :0 027). In this group, all 7 padents

whose ulcers did not heal wcre found to be still CP +
(p:0 037). In those whose ulcers healed bu¡ were still
CP * , relapse then occurred n 87" (7/8), whercas only
17% (l16) of CP - cascs rclapsed (p < 0 026) (uble tt).

Of 20 patients whosc ulcers healed wirh CBS/T only 5

wenr into relapse (25%). This was clearly bener than thc
result in the combined cimetidine groups (p<00001)
A.lthough maintcnance of rcmission was commoner with
CBSIT than with CBS/p, the differencc was not significant
(p:0 l5). However, if with unhe¡led ulcen and relapses
patients were combined for analysis as "trcau-ncnt failures",
CBS/T therapy rvas superior to CBSip (12127 fatled us

t7 122, p: 0'04).
The observed diftèrenccs in relapsc benveen rhe fou¡

treâûnent groups could bc accoun¡ed for by C p¡,lori.
Excluding the 2 parients wirh recrudescent infection, relapse

Lt't

CIMIP
cP + (22)
cP - (0)

ctMlT-
cP + (28)

cP- (l)
CBSIP
cP+ (15)

cP- (5)

Rmdscm¡(l)
Reinfcaed ll)

CBSIT'
cP + (7)

cP- (le)
Rmdæcmr(l)

AII CP + øes (72)
All CP - cues (25)
Recntdescøces (2)

Rei{ectiøt (l)
Coltm (oals (l0O)

t4%

0

3

,tr\'u,
0
7-r0%

t8-72%
I
I

27

C pyloriin only I of 29 parients (4%). The antibiotic failed
bccause a tinidazole-resistant isolate emcrged in nearly all

cases in which CBS was not being taken concu¡rentlf (see

below).
CBS/p led to clea¡ance ol C pylori in 7 ol 22 patients

(32%). Recnrdescence of infection occurred in I paticnt, so

thc eradication rate for CBSip was 27"/o (6122), which was

sigrrifìcantly bener than that obtained with CIM/T
(p:0 02, or CIM/p þ = 0 0l). CBS/T cleared the infection
n 20 of 27 pâtients (i 4o/o), and I 9 of these patients remained
CP- during follow-up-these findings were sigrrificantJv
be¡ter than rhe result obtained with cimeridine (p < 0 0O0l )

or CBS alone (p < 0 0l). Vhen the initial Cpylonisolate was

sensitivc to tinidazole in vitro, the bacterium was cradic¡red
by rhe CBSiT combination in85o/o of cases.s

Of the 28 patients clea¡ed of C pt-loi at thc lO-week
biopsy, 3 were later found to have C pylori. I man givcn
CBSip was CP + at the 22-week srudy. He had oesophagitis
with mild symptoms but did not have a relapse. A woman
givcn CBSiT became CP + at 22 weeks and began to have
slmptoms at 25 weeks. We bclieve thar thesc 2 patients had
recrudescent infections and that the l0-*'eek biopsy
specimens, immediarely after t¡earnent, gave false-negauve
rcsults. They we¡e included in the healing ana-lysis as CP -
aftcr therapy but were excluded from the relapse analysis.
Onc reinfection occu¡red. A man given CBS/p was CP - at
the l0- a¡rd 22-week endoscopies, but histological evidence
of gastritis and C ¿tlori werc ooted at the 34-week srudy. He
remained well and completed the study. He was included in
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Fig rl-DilIermcæ betwæn CP + md CP - groups on relaps'

occurred in 84% of CP * parients (37 144) but in only 2l 7o

(5124) of rhe CP - patients (p < 0 0001) (fig a).

The clinical picnrre at relapse was more acute and severe

in CP+ than in CP- patients. 5 CP- patients with
relapses completed the srudy at the appointcd follow-up
endoscopy dmes; none of them had symptoms severe

enough to warrant endoscopy. In contrast, 8 of the 38 CP +
patients who went into rclapse requircd an additiona.l

endoscopic examination because of severe ulccr symptoms
(p :0 033).

Of the 2 patients wirh recrudcscent infection, I w'cnr into
relapse. The second, and also thc rcinfected palient'

completed the full l2-month follow-up pcriod.

Sex, age, smoking, and history of a previous ulce¡ had no

sigrrifìcant effect on relapse provided C ¡tlon had been

eradicated (table Itl). 28 patients with rhrcc or morc of thesc

risk facto¡s did not relapse more often when C pyLon had
been e¡adicated. In conüast, of ló CP i patients u'ith three

or more risk factors the relapse ratc was lOt)')î (p = 0 04)

Relapse was also more corilnon rn CP + paricnts if thel''

smoked (p = 0 03), but in this srudy malc scx or increasing

age was not a disadvantage in CP + patients.

Gastric l\Ieraplosia atd C pylori m tlrc Duotlouutt

At thc frrst endoscopic examination, a<.lcquate ulcer

bordcr and duodenal bulb biopsl' specimcns s'cre obtained

from 88 of the l0O CP + patients. Gastric metaplasia u'as

more corrunon in the ulcer border than in thc adiacent bulb

l)\BLtilll SU(.CESS()ljlHLR\l'\'ll\SLX.Å(;t:,Slt()Kl:i(;ÀNL)tll-(;tlR
tlls-l'oRY

(10
Dll

0U border Adlacent bulb

Fig 5-4ætric metaplasia in duodenal ulccr border md adiaccnt

butb.

(92o/. us 63'/.,p : 0 0O0l ), bur C p;tlorí was prcsent in about

halfof the areas of metaplasia scen' irrcspective of its location

(he 5).

Elfect of TheraPl'ott SYnIP¡ortt

For parients whose ulcers healed and who remained in the

srudy aftcr the second endoscopic examination, there was no

difference âmong the four Ecarncnt groups in response of

s].Tnptoms to therap!" The Zung scale was significandy

lower for patients clcared of C pylori (meen Zung

scorc = 0 32) than for paticnts in whom C p7'lorr was

dctected at thc second cndoscopic examinatic¡n (mean Zung

scorc:0 38). The diffcrcncc rvas sigrrifìcant even though

parients rvhosc ulcers remained Lrnhcalcd or relapscd at l0

weeks w'erc excludcd from thc analysis (p = O Ot¿' anal¡'srs

of variancc). Thc diffcrencc inc¡cascd slightll' during thc

follos'-up pcriod, s'irh mcrn Zung valucs of 0l0 and 017

for thc iP- anct CP r paticnts, rcspcctivel-v) at drc third

endoscopic cxamination (p :0 003' anal¡'sis of varianccl

Sidc-E[[ccts

Thcrc ,,r'erc morc sidc-effects in paricnts trho rcccivcd

th thosc
cant.2 pa

rc abìc ttl
ucnt stoo

of a tcmpxrrarl' "burning a¡ral irritation" whilc I oùcn

complaincd ol cruclation. t'larulcncc, (rr bltxrtìng

Constipation !\'as unc()trtm(¡n. I casc of orrl canLjitlosis

occurrcd in each trl-rhc cimctidinc groups
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acdvc duodenitis with gastric mctaplasiar2 suggests that thc

bactcrium causes "gastritis" in thc bulb, just as ir docs in thc

anrruÍr. Other reported abnormalities such as defìcicnt

mucosal bicarbonatc secrctiontr could be direct or indirect
conscquences of this action.

When the present ulccr t¡ial was planned in 1984, the aim

was peÍnancnt eradication oî C pylori, in a controllcd
fashion, from patients with duodenal ulcer disease. We had

no clinical experiencc with tinidazole in combination with
cimetidine, but in-vit¡o srudies suggested that tinirl'?ole had
high activiry aganst C pylori.In this study, the development

of tinidazole resistance by C pylori enabled the bacterium to

survive lu:,28129 patients ueated with CIM/T. CIM/p had

no effeÍ on the presence of C pltlori, as was expected.

The rwo cimetidine therapies produced very similar
healing and relapse rates, and C pylori was not clea¡ed in
either group. CIM/p and CIM/T patienls were therefore
combined in the analysis to give one CP + cimeridine-
created control gtoup.

C pyloi was cleared from 3oo/o of those treated with
CBS/p and 747o of those treated with CBS/T.

In 92o/o of patients clea¡ed of C ¿tlon the ulcers healed
(26128), but for those with detectable C p1'loi after therapy
the healing râte was onlir 6l% (M172). Thcse data support
findings reponed by Baycrdorffer et al,ri who notcd
enhanced DU healing rvhen the quinolone antibiotic
ofloxacin was added to standard ranitidine therapy. In our
study no individual thcrapv had superior healing propenics.
In rhe CBS groups, an1' advantagc confcrred b1' rendering
paricnts CP- ma,v havc been diìuted b1' slightly worsc
hcaling in patients who remained CP + For cxample, rr 5()

patients who remaincd CP + aftcr cimeridine therap¡', 34

had ulcers that healcd (68')t), but in 2l paticnts who
rcmaincd CP + aftcr rccciving CBS, onl-v t had ulcers that
healed (42%) (p = 0 06). 'I'hc trcnd suggcsts that hcaling of
ulccrs with CBS is rclated more to its antíbactcrial action
tha¡r ro its "mucosal protective" action rs

The poor hcaling secn ln our nvo crmctidinc-trcatctl
groups ma)' have becn an anifact produccd by our srud¡'
design. In srudics in *,hich highcr hcaling ratcs hi¡r'c bccn
rcponcd wiùr H.-receptor antagonists,'o'- parients rvcrc
asscsscd w'hile still taking rhe drug. In our srudl somc
paticnts rvhosc ulcers hcalcd at tl rvccks could r¡ell hrvc
relapscd by thc sccond cndoscopic exunination at l0 ri'ceks.
As a conscquencc, thcse parients complctcd thc srud1' as

"unhealed" ratJrer rhan as "re lapscd".
Ol rhe 28 parienrs ',r,ho s,ere CP - rt thc l0-*cck

entit-rscop¡ , 2 had ulccrs ùat had nc¡t hcalcd and 2 had rapid
rccrudcsccnce of thc intcction. ìcaring onlv 2-l (ll) -
paticnts *'ho could bc obscn'cd for ulcer relapsc. Sequential
biops¡' of thesc priticnts r)\'er a I l-morrth pcriocl
demonstrared that C'¡_r'/t,ri could bc pcrmmÈntlv crarlic¡tcd
and that rcinlèction is unusu:rl in aclults Onlr I pltienr hltl
¡cinicction as rvc tlcfìnccl ir Our data supporr drosc tlt'
Rlturvs ct al,r8 sho rcporrcd ¡ sin-rilar inciuiencc ot'(,'¡,r'lrrr
rcinfìction-about S'ìî pcr annum.

()f thc plticnts tirrm rvhom (, ¡-r'/t,ri \\us crur1icltcLl rrìd
\\'lì()sc ulcers hcaled, onlv I I o i, rr cnt into rclapsc 'l-hc
staristicirl signitìcurce of thc rcsult rn such l srnall slnrplc
rncnns tlt¿rt cr¿rdicatitrn ot' (,' ¡.r'1ori had ¡ consitlcrltrlc
clinicrllt,usctul bcncfit In accorci rvirh rl'ris. rr hcn C]llS p or
CllS 1'did nor crntiicnrc (ì ¡-r,[rri, thc rclapsc rarc \\rìs rì()
diflcrcnr tìom that in thc cimctirline gr()ul 1-hus, prcscncc
of thc bactcrium) rìrìt t),pc of d'rcrapr', rr as drc fìrcror rr hich
dctcrmined rclapsc Thc tìndings sunport thosc trf
Coqhlan.'o rr,lro notcd that rhc bcnetrr ot'bismurh ùrcnrpv

o r 2 1 a 5 6 I I 9 10 tl 12 lJ la !5
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Fig ÊDifferencc betwen trutments by o,[ succs of t]rerapy.

over Hr-blocker therapy was confined to those patients in
whom C pylori had been eradicåted.

In other srudies of ulcer relapsc, the imponance of age,

sex, and smoking have been emphasised,¿o perhaps becausc

lhey were the only factors other than continuing ulccr
therapy that seemcd to make any prognostic difference
How imponant are they compared rvith C ¡tlorr-t
Apparentl-"- they arc of secondarf importrncc. Once C pylon
had been cradicatcd thc parienr did rvell. even ifhe (or shc)

smoked, or had a prcvious history of scvere rclapsing
discase, or had multiple adverse factors. On thc other hand,
paticnts ',vith persistent C ptlorí inlèction had an adversc
prognosis if ùrc-v had muldplc risk factors. or if thcl'smokcd

A one-time therapv which both hcals duodenal ulcers and

stops relapsc is, b1'dchnition, cì.r¡ative. In fururc srudics rhc

distinction berween unhee.lcd ulccrs and ulccrs which
rclapsc 

"vithin 
12 months of thcrapl' ma¡' bc unneccssa4'

sincc both outcomes arc reallv trcaùnent failurc;
Convcrsell , b¡' dchning trcâurcnt succëis as a patlcnt
whosc ulccr hcals and ,,r'ho rcmains sell lor 12 monrhs
rvithout thcrapl', a striking diffcrencc is evidcnt bcnveen

convcntional Hr-rcccptor antrgonist rhenp¡- and our anti-
C pl,lori therapr'. Trcatmcnt succcss in paricnts rrcrtcd rvirh
CI N{, p rvas 5 

o,1', u'iùr CIN't T l't')/, 
' 
tvith CBS 'p 32'Ìlu, and

s,rtjr CBS T 560,'" (fig ó).

Ou¡ rcsults impl¡' rhat C pvlori is thc most imponant
acriological facÌor so far dcscnbcd lor duodcnal ulcer \\'c
propose that dctcction of C pt'lori should bc pan ot' tltc
routinc mÍìnagemÈnt of paricnts *'ith lcid pcptic discûsc and

cradication trf thc blctcrirtm a maior thcrapcutic goel
-l}trs stuclr rv¡s funtlcd b¡'gruts frum (hc ¡-ut¡trn¡l Hcrlrl m.] \tcdiol

Resorch (ì¡uncilof .{ustnlia. thc Rtrr ul Pcnh Hosprtal Rcst¡rch fìtttrd. (ìrst

llroudes. md Plìzcr

\\'c th¡nk \1rs Dt'rorhr Hcçs. '\ts,\rrn,\1c[)emrrl, urtl ,\frs Krm
tr1rrshall fìrr thtrr hcl¡ \r'ÌLh thc end()scoPtcs. .\ts \1¡rcta [:inncr ¡nd \ln
Adncn¡rc Nlurshrll lìrr rc\rc\\rng thc pu¡cr. mrl thc ¡nulr ¡:tttents rrho

roluntcrrcrl lirr thc sruelr

(ìrrrcsponelcnec shorril tr rddrcsscrl nr lì J \1 . H,'r lJi. [)cl'¡rt¡lcrrt L'l

Ittrcntrl \lcrltcttrc. I rrtr tsitr rìl \ rrqìtìtil. ( h¡rlottcsr tllc \ rrqrllt.t
rro0s,l s \

Rli ljl:Rl:r..( :l:S

I \1.'\1ru\llr\ ('¡\rnlrì ln l.'¡rerlj:\.r,1 \l,rlcnrrrtnJ:urq.stn'crìrcr(,1('q\ L{rtrl,,rì
lìù(ten\t,il1ì l(ril ìl L;¡

J \\'rrrcn llì lt.'ñhrll ll L urtlrrrrrlìcJ .unr,l l.rullr ,rr !r\lrr. ùtrthclrurìì rrr r((r\(
cltronre¡rsrrrtrr /,/,r.,r la8l,ì l::L;i

i \t.rrslrrlllÌJ,.\l.tictlrrcl)lì R,'gcol"\.(ìlurerR(ì l\1,'n¡¡¡ilt\lirbil.tcruìl.ttxrì
:urrl ¡rrrrrrrhrtltrrrl .lr.csc \f.J7 l'!,r IL)$5, l.ll:{ÌÈi{

I \l¡rtur l)l' Itrr SJ lsccrllc l)ti Il\,lliuì(lùrs l), R.r\m.(R,ti ItIl. IlrlIr ll'
l)rlì¡rcrìce rrr rchf.c crrcs .rl .lt¡¡lcnrl ulccr hcrirng \rrh (rrìì.(l(hnc ,,r
lrr-1r't.r\:runì !hùrtrit¡ brs¡ruth.ttc I ilt.Jr iqS(1, I ; l0

R'/¡¡¡rtr'r '¡f /¡r"f i¡l 'r'\l ¡ril{'
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DUODENAL ULCER RELAPSE AFTER
ERADICATION OF CAMPYLOBACTER PYLORI

Sttt,-Prtrtìssor Lun iFeb 18 p 384) cririciscs our srurl\ \X:c

rvish to rcplr ,

Eradicrtitrr ot'( ì urn¡-t'lobu, rtr p,t'h,ri in our pûtients \\'irs âsstxiir tcd
rrith ¿ mrrch longcr rcnrissitrrr tlt'hcaled dutrdenal ulcers rnd the

¿rpìprrcnt rute of healing rr:rs also higher -fhe rpp:rrent ulccr-hculirtg
rxte lt tì)ll{)\\'-up ctrLlosctrpt rrils ltt',v i¡ our pûtient group i¡ ryliiCh

C p),lÒn was not er¿dicated ¡CP Ì ve padents), irrespccúr'e of dre

drcrapy. Our -fable Il shtrrvs hcalürg in ++ 72 (61'7,) (lP rve

¡raticnts Sincc 27i+{ (6 l' i'\ of these hc.rle<l ulces rclirpsed Lrclirrc J

months, \\'c cârurrìt s!'c $'hy ir is diUìc'ul¡ to undcrstiìnd t)ur

suggcsrion thât r)tlìùrs prohabl¡ rcl:tpsctJ behrrc thc tìrsr tollos -up

2 rvccks ulìer rhcrupv cndctl. Ilven il thc argumcnt is trtn

substmtirtctl, it is tì{)t unreìts()trirblc. l'llc tìrilurc rttcs ut ll nt0nths
rrcrc drc s:unc lìrr lrrdr crnrctrrlinc (.1ó 50, t)]'!i,) und colloirlul

ì
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ocirate (CBS) (19122,860^). \üe agree that our patiens
as l,am says, since all paderts are unique.
fon was mken to keep the trial blind. Follow-up was

eks after therapy ceased (so that mouth-staining would
r by the eodoscopisQ and commtnication was avoided

ie clinician and the paúent before gastroscopy. More

¡ rhe pathologist and microbiologist were independent;
r knowledge of the therapy and neither the clinician nor
knew ofthe presence or abse¡ce ofbacteria. Thus we do
rar the title is misleading.
'nrions that our dellnirion of ulcer relapse includes "any
of ulcer symptoms". This is al¡nost correcr---{ur

:re t¡e¿ted as in normal practice. If they complained of
requiring therapy, they were considered to have relapsed

t Q21a3,74'/") an ulcer was found on gasuoscopy. rVe

unreasonable to call such padents "successfully ueated"
a recurrence ofsymptoms but did not have an ulcer crater
pv.
ee that "bismuth not cimetidine is associared wirh
rf campylobacrer", but if I.am really believes we did not
, againsr invesdgator or paúent bias", we suggest he
the following. There is no way to demonsure CBS
r histology or microbiology, unless Lam thnks that the
f gasrriris and campylobacter, only seen wrth CBS
¡uses obseryer bias. All bias can thus be eliminated by
g only the group of paúens treated with CBS. This
CP * ve padens, lO (45%) healed at follow-up and 3

I he¡led at 12 months; compare this wirh 24 CP-vc
2 (92%) healed and 17 (7l'/') still healed ar l2 monrhs
ole was not intended to "differendate cimeridine and
nor for rhat mafter was our srudy. If Lam is inreresred in
he should examine our results for CBS with or wirhout
which show an improvement with rinid¡'ole. We were

ng the effecr of the eradication of Cp-vlon, not the effect of
¡, CBS, or tinirt¡'ole per se---our results should be viewed
¡spec1.
it¡iburion of campylobacter is patchy, as sutcd by tam,
rt a microscopic level and, with improved merhods, we
e contradidory results. In this series no CP + ve paúenr
rive histological hndings and culrure wirhout t¡cacncnt
I parient gave nvo successive negarive biopsy specimens
rv a Cp-vlon positive culture (probably a rrue re-infecuon).
I rrcludes about 450 biopsies on l0O parients. Under rhese
nces we consider "eradicauon" a cor¡ecr and justifìed

rrk was desigrrcd to show the effect of the eradicauon of
n duodenal ulcer relapse [t was ncver inrcndcd as a drug
,eridine is an ulcer-healing agent but will nor cradicarc
)ur results suggest rhat eradicarion ofCp_ry'on is associared
Lmadc redustion in the relapse of healed ulcers

licne.
cts Centcr,
:Virginia,
lc. Virginia 22908, USÀ

Ilospital.
'm.\usrr¿lir

Bennt'J. À4-cRsH¡r r-

J. Ronrr \V¡nnD^-
C. Sr¡n,rnr Gor¡¡tn,¡x
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àl, C"rcy KV, Petcrson wL. ct al Epidcmrc gastritis wtth hypochlorhydria Gustroen'

detection of gastric

(for editori¿l comment, see page Ll26; see also page '131)

lvor Surveyor, C. Stewa rt Coodwin, Brian P. Mullan, Eli zabeth Ceelhoed, J. Robin Warren,

Raymond N. Murray, Tom E. Wa ters and ChristoPher R. Sanderson

IRACT A breath-test has been developed for the detection of gastric is accepted by ma nV authors thaL CattrP-vlobacter py'lori pla,"s

lministered to
'lactivity over

Ii:tion with Campylobacter PYlorí Urea that is labelled with carb<¡n 14 signilicant role in the pathogcnesis oI type-B gastrtt is and peptic

the following 30 minutes. lf C. pylorì is Present in t he prominence to the assoc iation betrveen gastritis and thc curvcd

ent's stomach, urease activity causes hydrolysis of the urea and the laC
organisms rvhich norv are knoivn as C p-vlorio - an association that

rsorbed as c¡rbon dioxide. This carbon dioxide enters the patient's
since has been observed rvor ld-wide. The strength ol this associatiorr

rbonate pool and eventuallY is

'essed as a percentage of the admi
excreted in the breath. fhe results are

nistercd dose/mmol carbon dioxide rvith type-B gastritis,o-'' duodenal ulcersn E ''''5 and gastric ulcersn '' ''

g body weight. Sixty-three pat¡ents who were undergoing endoscoPY ca nnot be disPuted.

: studied. The r¡dio¿ctivi(y in exhaled breath which was sampled within Koch's postulates in relation to hunran infc-ctioll t+ith C. p.vlori

minu(es of l4C-urea administration was attributed to the presence of partly have been verified by t\\'o lndcpendent volunteers.'n '' Both

¡se enzyme in mouth organisms and was discounted. The time- subjects reported the derelopment o I histologically dcrnonstrltcd
oactivity curves for breath samP les from five to 30 minutes ¡fter the gastritis after infcction *ith tlte bact eria. Coodrvin has suggestccl

rinistr¡tion of l{C-urea gave an excellent separation between subiccts a mechanism ivhereby resistance to the action ol' acid and Pe Psirr
r negative results of the examinat ion of gastric-biopsy samples and by gastric epithelium and,/or gastric metaplasia in the dtlodenurtl
ents with microbiological and histologic al evidence of infection with
rylori. The area under the time-radioactivity curve at between five and ls lm paired in C. p.vlori gastritis. ''
ninutes after the ¿dministration of r{C-urea in 24 patients with negative A consequence ol the C. p.vtori hypothesis must bc an tncrcaslllg

robiologi cal results was 6.9+4.4 area units; in 35 of 39 patients with tendency to treat dyspeptic symptoms w ittl antibioric agents T¿rllù\

itive microbiological results, this are¡ was Breater than 40 area units. has rvarned ol the poten(ial dangers in the indiscrinl

a fasting patient and the patient's bre¿th is samPled for lcer discase.'-t lvfa rshall and \\'arren \\'ere tlìc first to give

rsured against the results of the microbiological examination of gastric- antibiotic agents [or a s]'mptom group as conlmtln and

speciiic as "dyspepsia".'o The precise treatnlent ol irlfeclrsy samples, the sensitivity of b reath-testing was 90% and the specificity
; 100%. Me¡sured against the results of h istological examination for the C. pylori requires a relativelv simple, ell'icic'nt' inexpenstre art d sit l'r'

sence of C. pylori infection, breath'testing had a

pecificity of 93"/.. A positive bre¡th-test result
sensitivity of 94"/. and

also correlated well diagnostic procedure that catl be appli

0.0001) with the serological antibody test-result. The role of non-invasive oi a large number ol Patients

. - enzyme-linked immunosorbent àssays and l{C-urea breath-testing Diagnosis by histological exanlinarion and rnicrtlbiologicltl ctrlttrrc

:rthe m¿n and peptic ulcer dise¡se is discussed. We
rsicler that h-test h¡s àn importùnt role in the non-
¿sive confirmation of gastric infection with C. pvlori ¡nd in the follow-
of patients after treatment. (Med I Aust 1989; 151: 435't39)

requires t.hat patients urtdergo endoscopv An errdoscopic diagnosis

may be nrade rapidl)'at the tirnc ol'biopsv bv t he pertortnirncc trl

'rl Perlh HospitùI, CPO Box X22ll, Pcrlh. WA 6001 a "CLOtest" rvith gastric nìucosA.r'r Tltc ttott-tttrastve ,Jiltgnosis ol

inate trsc ot'
as nLìtì

ion rr itlr

ccl ancl used in thc lollo* -tr¡r

agement of gastritis
the laC-urea breat

\\\()rrJtc Prolc\sor ()i Clrnt(.ìl ñ\r(rot)rr)loq\
¡ l) ñlul¡¿n lll (-hU, fR¡\CP Phvsrrrarr Dt'prrtrrìcn( ol :urleJr Àlcdr(rne

Dcprrlnìent ol
holog\ Dt'P.rrl

is the,,gold standafd" bv irhich all othcr diagnostic procedttres tnLtst

be calibrated. obtaining m¿ìterial lor pathologic¿ìl e\iìnìirìiìti(ìrì

\urYrvor ,\lll ChB þ1t){ßfl\l ' 
F RCP fR\(:P Ht'.rrJ [)r|.rrtnrtrrt t)l Nu(ìe.ìr trle(lr(rrì('

lr\!.rrl (;oo(l!\rr, À1D ,u¿\(Crntll) ) l-RCPÅ FR(-l'.ìlh llrJ(i [)tfr'ìrlrrrerrl ol \lr(rol)r()l('ß]' inl'ection with C. p.vlori can be aehis'ed b¡ serologicll c\Aftìr

nütion 2' 
'o The measurelnent ol alìt¡bodies to C p.r'/or¡ in p Ias nt rt

is ol great value in epidenriological studies

A breath-test that is b¡sed on thÈ irìgcstion ot labcllcd ttrca ltas

been advocated as a uselul test iu the cliagnosis ol'inl'cctit>tt rri(lt

Nu(lcJr \le(lIrnc
ntcil

¡lrcth (,c,elh<>cd DrpMedNucl Rc5c¿rch Åririlùrrl,
r)!ì \vJrrcn ÀlB, llS FRCP{ PJllìologrrl Hr.l(,pJr
ì(Jnd N À1urr¡y, Nlß BS FR\(,P C¿\t¡oenlcr()l(,(t\t
t wrters. À1R BS fRACl'} (ì¡\tr()entc

, lophpr R 5¿rrdr.rson. NtB \lR( l'{Lon¡l
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C pylori." The principle ot'tlìe test is irlenticll lo thrtt ol'tlìÙ
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CLOtest". Urease enzyme is produced in large amounts by C'

r/ori organisms.t' In cases of infection with C. pylori, lhe increased

,.ur. u.ìiuity results in the rapid hydrolysis of urea in gastric juice

:oducing ammonia and carbon dioxide. This is recognized in the

CLOtest" by a pH change,'o or in the carbon l4-labelled urea

reath-test by labelled carbon dioxide which enters the carbon

ioxide-bicarbonate pool and eventually is excreted in the breath'
A similar test that uses urea which has been Iabelled with carbon

J and mass spectroscopy has been described by Graham et al''"
ecently, several centres have reported on the high accuracy of ''C-
rea breath-testing lor the detection of inlection with C. pylori-'o'"
/e now have applied this breath-test to a further group of patients

t Royal Perth Hospital and have correlated the results ol breath-
:sting for infection with C. pylori wíth 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
rfection with C. pylori.

'atients and methods
ixty-three adult patients, 33 men and 30 women, whose ages ranged from
5 to 87 years (mean tstandard deviation tSDl, 58.8 + 14.5 years of age),
'ere examined. Patients were recruited consecutively from rhe routine lisl
I names of patients for upper gaslrointestinal endoscopy and were requested

r give their informed consent to undergo a ''C-urea breath-test. according
) protocols that had been approved by the Royal Perth Hospital Human
ights Committee All patients complained of symptoms that were attributed
r upper gastrointestinal disease; 13 (20.60/o\ of the 63 patients were under-
oing follow-up endoscopic examination. A detailed retrospeclive review ol
ll the patients' notes, which was supplemented by telephone calls to their
eneral practitioners, was performed by one of us (C.S.C.) for possible antibi-
ric drug interactions with the tests.

At endoscopy a! least two biopsy specimens were obtained lrom each

atient. Histological sectlons were stained with haematoxylin and eosin and

iiemsa srains and by the Warthin-Starry method and were examined for
re presence of C. pytori. Specimen cultures were perlormed by the method

was a requirement of this definition that biopsy specimens were obtaincd
om both the gastric lundus and antrum for both culture and histological
(amrnatlon.
Standard statistical tests were used in the analvsis of results.'"

iesults
I the ''C-urea breath-test some patients with negative results for
re presence of C. pylori infection demonstrated an early peak to
leir time-radioactivity curve which usually lasted for fewer than
ve minutes and always had returned to below the level of 0.690
I the administered dose,/mmol carbon dioxide x kg body weight
. the lO-minute sample. Figure I is a plot ol rhe range of data-points
rat were obtained from 24 patients in whom culture and Cram-
ain and histological examinations all gave negative results for the
resence of C. pylori organisms.
From l0 minutes onwards, all breath samples for those parients

ol" Coodwin et al.'" A subjective visual asscssment of bacterial growth w¿5

madc afrer 72 hours of laboratory culture. This assessment was relatccl ¡¡
the amount of ''C that was recovered in the patient's breath'

Serological tests were performed according to the method of Coodwrn et

al." An antibody titre of less than 150 was considered to be a negative rcsul¡,

an antibody titre of between 150 and 250 was considered an equivocal result

and a tirre of more than 250 was considered to indicate inlection.
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 fo¡ teeth-brushing was not swallowed.

The patients then provided a con¡rol specimen of breath by exhaling

through a shon 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 dangcrous if
swallowed.) The molarity of the hyamine was measured by acid-base t¡tration.
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 4O0 kBq oI a ''C-urea solution (Amersham lnternational,
Buckinghamshire, UK). Ten millilitres oi liquid scintillant (United Technol-

ogies, Packard lnstrument Company, Downers Crove, IIIìnois' USA) were

added to both breath samples and a ''C-urea counting standard. All tiquid

scintillation counting was performed to a l9o coef[icient ol 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 atlempt

to correct for the influence of endogenous carbon dioxide production on

the ''C speciflc activity of the breath." lnterpretation of the test was

pcrformed by plotting the radioactivity of the breath sample against the time

of the sample. The area under the time-radioactivity curve from l-ive minutes

to the last collecrion at 30 minutes, as calculated by use of the trapezoitl rulc,
provided a convenient summary of a patient's result.

A normal or "negative" group of subjects was defined as the Sroup of
subjects from *'hom 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 0.0890 of the administered dose/mmol
carbon dioxide x kg body weight. For the patients with negative
microbiological results, the time integral (+SD) lrom live to J0
minutes was 6.9 +4.4 area units (9590 confidence interval, 5.0-8.7
area units). In the patient group with negative culture results, thc
highest value for the live- to 30-minute integral was 16.25 area unirs;
this did not overlap with the results of l5 ol39 patienrs wirh positivc
culture results, who all showed an integral of greater t.han 40 area
units. Four patients were interpreted as having lalse-negative breath-
test results.

The correlation between the results ol rhe microbiological
examination and the histological e.xamination oI the gastric biopsy
material is shown below' 

Microbiotogicar resurts

Histologicol results Positive Negative
Positive 32 0
Negative 3 24

Four cases were excluded from this analysis because specimen
collection lor 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.

M icrob io Iogicol resu I ls

80/ø

710

6ô/o

5Vo

4o/o

30/o

20/o

10/o

toÁ

Breath-test resulls
Posit ive
Ncgative

Positive* Negolive
350
421

0 5 r0 15 20 25 30 35

fime (min)

CURE 1: Time-rad¡oactiv¡+,cuNe showing upper and lotver range íor radioactivity
i brealh as a percentage oí the administered dose/mmol carbon dioxide x kg
tdy weight for 24 pat¡en¡s with negative cul lure results ot gastr¡c-b¡opsy samples.

'lncludes two parienrs who hrd positive results by both Cram stain and cullure for the presence

ol C p¡'lori

The sensitivity of breath-testing was 9090 (35 ol 39 patients) and
the specificity was 10090; the accuracy of breath-testing was 93.7q0.

In the Table, the results of breath-testing are related to the presence
ol antibodies to C. pylori in plasma, as measured by an enzyme-
linked immunosorbent (ELISA) assay; a highly signilicanr

^ 
Min¡mum

I Maxrmum
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ABLE: Correlation between results for raC-urea breath-test

ievels for C' pylori infection by ELISA

ormal histological results showed

as observed bY Vaira et al' that

eatment with colloidal bismuth,ts

, aftcr successful treatment, the

es that are obtained for control

ol the time-radioactivitY curves

reath samples that are obtained
stion of ''C-urea should be

tY is believed to be a result

of the mouth and, therefore'

is discounted in our interpretation..The. data-points that wcre

äuäinJiiáã the patients in this series with negative culture an'd

histological r.sults *e'e very similar to those ol our previously

reported series.¡t 
.

Only three patlents in the group with negative culture results

"-;;i.i 
; raáioactiuirv of 0'l9o oi the administered dose/mmol

ãf.^rùã" ¿ioxide x úg body weight-and_only bv a verv_small

;;;,:;elv, 0.56qi, 0'58e0 and g :9qo' respectivelv' It was

noted that for mosr patients with positive culture results a pcak

occurred in their time-radioactivity curves at between l0 and 20

å-i""i., .fi.t the administration ol the ''C urea; in the occasional

ö;ì; tn. .o¿ioo.tiuiry contrnued to increase during thc 30-minute

collection Period.
ln this series, the time-radioactivity curves for all the patients with

p.rì,i".- iuiiur. ,.'ult' t*tttded l'590 oI thc administered

dose/mmol of carbon dioxide x kg body rveight at more than one

ã;;;;i;;itrhe time interval of- l0-30 minutes' However' we would

t..".t"."¿ that if the time-radioactivity curve lor any patlen[ \\ere

to lall within the range of 0'590-l'590' the test-result should be

iãt-.¿ .luiuo.ut anitht tesr repeared' E''<cellent discrimination

could be obtained belween iniecteå and non-infected cases when thc

,*.-i"ùt*ft of the time-radioactivity curves at between livc and

ing and antibodY

Antibody titre

r€ath-test results Less than 150 r 50-250 More than 250

ositive
legative

1

6
0 32

14

P=0.0001) ¡' relationship was calculated- 
fne relatiónship between the results lor

,nà ih. pr.r.n.e oi organisms as detected by

s shown below.

Breolh-lesl results

the''C-urea breath-test
histological examination

Histological results

Posilive Negative
102
225

20 25 30 35

Posit ive
Negat ive

Vfeasured against histotogical diagnosis,''c-urea breath-testing has

r ,."rl,i"irv of 9490 (30 oi lz p"'itntt) and a specilicity ol 9390 (25

demonstrated.
6 oqo

5 50/o

50/o

00ô

5

4

I
3

3

à
õ
6
I
!
ñÍ

2 5qo

2 Oqo

1 5o/o

1 00b

0 5ôb

0
r0 r5

Time lmrtr)

rvith the interpretation ol the results, lor instance' cross-rcllctlolì
ivith otlter organisrns, espccially Carnp.t'IobocIer jejuni' lvlitchell et
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ivity ol the breath, is proportional to the extent of gastric
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Duodenal ulcer treated with Heticobacter pylori eradication:

seven-year follow-uP

Georlreyr\¡lForbes,NlarkEGlaser,DigbylECutten,JRoD¡nwarren,KerynJChristiansen'BarryJNlarshall'
Brendan J CollÌns

I

SummarY
The lon3-term beneiits of Helicobacter pylor¡'erao¡côtlon

treetmenr il-{ET) in ,q pylori-assoclated duodenal ulcer are

unclear. 
"Ve 

Followed up patients ,vrth duodenal ulcers f rorn a

triel oÍ u cviori eraoication in 1985-86'
63 oi 78 oatienls í81'l'") ',vere reviewed cl¡nicallv ano had

uocer gâsirolnresilnal endoscopywith gastric antral biopsy Of

35 patients oreviously renoered H pytori negative' 32 ß295)

remainec I-i pyiorinegatlve arter 7 l years (mean) All patients

inìliaily r-1 pvlori positive remained infected, unless HET was

given in the interim. Duodenal ulceration was found in 2070 (5

out of 25) of patients remaining H pylori-positive compared

with 37o i1 of 38) of H pytari-negative patients (p < 0 05)'
The reouction of duodenal ulcer relapse obtained from

H pylori eradicaton in H pylori-assoc¡ated duodenal ulcer

extends to at least 7 years after treatment, and is likely to be

due to freedom from H pytori infection. However, duodenal

ulcer may recur in patients rendered H pylori negat¡ve' due to

factors other than reinfection with H pylori'

Lancet 1994; 343: 258-60
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lntroductlon
The associarion bctw'een gastric Helìcohact¿r'r-r'1''ri

colonisation and tluotienel ulcer iDUì is rveil establisired''

and man¡- studies have sho"vn úrat cradication of ¡: ;'r'i'-rri
reduces DU recurrence.:r Nt'ost of these studies 5rte

negarive were free from DU relapse for up to I t'elrs'

thãugh small numbers were involved'i Althougir

eradication of H pylori is clearlf important in rhe short

terrn, H pylori-eradication treatment (HET) rvould be more

valuable if its effect was shown to extend over longer

periods. \We derermined the long-term outcome of HET in

" 
cohort of patienrs who took pan in the ea¡liest contiolled

t¡ial of HET in duodenal ulcer,u after which some rve¡e

H pylori positive and orhers negative'

Patlents and methods

gastrointestinal endoscopl' rvith anrrel biopsy

Medical atrendances for DU-rellted svmproms lnd resuits "t
relevanr investigarions rvere recorded and corrobo¡lted from case

r
258
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hlüll fl p rmur Cumt H p ltatu

Posrlive NegJtive

Pfl¡tly. (n= 28)
tJ!ÉrtlYc (n = 35)

'All 5 ræeived H pylori erad¡catton therapy,
10ne patient had dæumenled H pyiofl tetnfætton at 5 years, recerved H pyi oí etad¡calton
thsapy, and is now H p negâtrve.

Table 1: Curront H pylo¡l (H pl status compared wlth H p stâtus
at the end of the lnltlal study

records. Upper gasuoinresrinal endoscopy was done by a
gastroenterologist blinded ro derails of rhe patient's pasr medical
history and 3 gasrric anual biopsies we¡e uken.

Relapse of DU was delìned as cur¡enr-acrive DU ar tbllow-up
endoscopy; proven-relapse proven by endoscopy or barium meel
in the period berween srudiesi and clinical-relapse during the
intewening period rs judged by the parient's hisrory (svmproms
identical ro previous DU svmptoms and which rvere considered
consistenr wirh DU disease), wirerher conrjrmed by invesrigerron
or not, and excluding rsymptomrtic rehpses detecred llr tbllow-up
endoscopy.

Formalin-tìxed pararfin-embedded secrions oi gastric lnrrai
biopsies were examined for rhe presence ot intlammxrion ¿nd
H pylori virh haemaroxvlin:¡nd eosin, rnu Giemsa srarns. Secrrons
were examined bv an experienced hisroparhoktgist blinded ro rhe
patienr's dcrails. The H pyLorr srarus oi the p:rncnr rvas rlctincti
histologicallv.rs Hp* or H p- The srudv ',vas lpproverJ bv rhe
Ethics Commirree oiRo_val Pcrth Hospital

Results
Of 100 patienrs in rhc original stuciv," 73 rverc evaileble ¡'or
lollorv-up and 63 (81'',,) agreed ¡o clinicel revierv rnd
endoscop-v t l-7 6 vetrs lmexn ô.5) luter. There s'crc -l-l
males and I9 ttmales (mexn age of 53. range ll-83ì. Ot rhe
remaining 22 lìom rhc originrl studv, ll werc
unconracrrble, I had died. und 3 rvere unlìr fbr cndoscoov I
patienr had undergone rotal gasrrccromv tbr Zollinger
EIIíson syndrome.

Initial Hp_vir.rrí starus oi r-he ój pariÈnrs is comperecì rvirh
current H py'lor; srarus in ¡eblc l. Pltiencs rvht> rvcre rniriuil,,'
Hp- include a group of paricncs rvho compielcd rhe iniriui
study by ñlarshall et alo and a group rvho teiled rrexrmcnr,
were rvirhdrawn tiom rhe stucil.and etìer subsce.uenr HET
were shorvn ro bcl/p - during rhe tbiiorving ll nonrhs. j2
of 35 patients (92",,) iniriaily H p- re¡:raineci Hp- up ro
7 l yeers (mean) (range ó.1-7 9r tbllorv-uo riì:¡ ::edicerion
of H pylori. I parienr initirlll'FIp- rvas tbund to have
.É1p+ chronic antral gastritis rvirhout DU atìer 5 ve:rrs ar I
time of clinical relapse; he received HET and rvas H p - at
follow-up endoscopy 2 yerrs later. 2 other patiencs inirially
Hp- became H p+, and both hrd documenreci DU
relapse, although one was associâted wirh non-steroidal
anti-inflammarory drug (NSAID) use. 28 pàrienrs were
H p* ar the end of the inirial rrial.23 of rhese remain.Flp *
and 5, all of whom received furrher HET in rhe inrerim,
have been rendered Hp-.

At follow-up endoscopy (table 2), âcrive DUs were
presentin 5 of25 (20ou)parients currently H pi in conrrast

H py'ot1

to I of 38 (3?b) F/p- parienrs (7'z 5'28; p <0.05) (current
relapse). Proven relapse occurred in 9 of 26 (35oÐ H p+
patients and 3 of 37 (8o 

") 
H p- parienrs (A2 6'97; p < 0.01).

One parienc who was H p* ar the end of rhe inirial study
had an endoscopically-proven DU accompanied by gasrric

^núal 
H ptlori after 5 yerrs, received HET, and is currenrly

H p-. He is included in the H p+ growp for analysis of
proven and clinical relapse, despire being currenrly H p- .

Of patieírts with proven relâpse, t had DUs documenred
endoscopicallv and 3 by barium meal. Clinical relapse
occurred in I I of 2ó (42" 

") 
H p -i- parienrs compared wirh 8

of 3i (22oo) parients who were H p- at follow up (Xt 3.I;
p < 0.10).

3 parients received mainrenance H2-recepror antagonists
during rhe inrervening years (2 currenrl-"* Ff p+ and the
H p- parienr rvho had an acrive DL- ar follow-up
endoscopvt. 6 parienrs received lurther HET when
symproms of DU recurred alier complerion ot rhe inirial
study. Only 2 of rhese ó paticnrs had DU contìrmed by
endoscopr,ur banum meel. Use olNSÅlDs rccompanied
clinicel DU relapse in 3 parienrs 12 currenrl-v H p+ and
t H p-'.

Dlscussion
This is thc tirsr long-rerm srudv oi rhe narurnl hisrorv of
H p¡'lori infecrion rnd DL- rrìcr H p_r'/ori eradicetion.
Othcrs havc shorvn, eirher in smalÌ numbers or in studies
',vithour cndoscoov, that rcintèciron is uncommon uo to .l
'/eirs Dost-cradicarionl'i our dtrf, conlirm this and estend
che period of O'bservarion turrhe: Given thar 3 of lj
prcviousil' H p - parienrs became reinfecred over a roral of
l.l8 post-rleoicenon parrenr \-cxrs. this gives en annual
reintection rere oi I 2",, i9j', cont-ìdcnce inrervcls
0-l 8 ",, .,'.r'irich is s ligirtiy' hi gher rhun prcviouslv- reporred
cstimaces oi uo ro ù b+',, "l The rbsence of spontaneous
loss rri rt'D-r'l,.¡ri ovcr rhis ¡ime is llst¡ consisrenr wirh orhc¡
rcDorts. ' ^\ c¡iricisrn oiour studr. niehr be cirlr l? of rhe 100
parients ir:trcd in rlte rrriginll r¡iui coulci nor be t'ollowed up
¿nd thar rhis nighr'¡ils ou¡ resulrs: hor,ve..'er.l1 of rhese j7
rvere É1 .r - ar rhc cÍÌd of the inirill srucil', a similer
:rooorrion :o [l'l3t in rire rerreining ó3 ^catients rvho s.ere
t'ollo"veci uo.

À malor benetìr tti HET is rhe reducrion in DU
.ecurre.rc3: ihis has be:n shorvn or-er a l-r-ear tbilorv up..
rnd in sn'rall numbers of prtienrs uc !o -l verrs.5 The r.alue of
HET would be grearer srill if the nsk of DI-i relapse rvas
reduced inder'inirel_v. This proposrion is supporred by our
study rvhich shows a signifìcentlv lorver long-rerm relapse
rare in pacienrs renciered Hp- compared wiri rhose who
remain FIp-. Inaccuracies exisr in documenting relapse
rates in the rvavs described in our srudv. In parricular, rhere
mav be underestimares because of clinicallv-silenr DU
disease. Indeed, of the 6 parienrs found to have an active
DU at follorv up endoscopy, 2 had no symproms. The
relativelv lorv incidence of proven DU relapse ín H p+
patients in our studv (35oo over 6.5 years) presumably
reflects the absence of surveillance endoscopy over that
time period- Clinical relapse as det-rned in our srud_"-,
alrhough subjecr to inaccuracies of diagnosis, is of
importance rvhen examining the cost eiTecriveness olHET.
Clinical relapse occurring in the inrervening period
betrveen studies occurred in 42,o ot H p+ patients
compared rvirh 22,',, of H p- patienrs (p<0.1). Some of
rhese relaoses mrv have been due to non-ulcer dy.spepsia,
retlux, or orher diselses. \l'hen a p:rtienr has trequent
relapses of DU, rredilional prtcricÈ is ro choose berween

JJI

23
2

-.{
qt
'',j

.)

!tâtut
Curront 0lJ
rGlap$
: '-.'_-5 (n=25,
1 (n= 38)

<0 05

P?wen 0U
rclap$

Cllnlcal 0U
relaps

t
I

HP+
Hp-

9(n=26)
3 (n=37)

11in=26)
8ln=37)

<0 0l <01
0U = duodenal ulcer Fot deiinrtions of relaoses see text
one catient curenfly H p - had proven 0U retapse 3ccomoanreO by oersrstence oi H cylofl ,l g
years alter the iniliar study; hence he wôs H p - in (he oroven and clinrcJr grouos ror st¡(istrcar
analysis. "n" = numôer w¡th spectfied H pylofl staÌus.

Table 2: lncldence of duodenal ulcer relapse compa.ed w¡th
H pylorl status at tlme of relapse

þ
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repeated courses or long-telrn mainrenance 
-with 

H2-

....pro. antagonisrs. Our findings suggest that HET is an

alteàative which may result in reduced costs and be used

increasingly as less complex HET regimens wiÚr fewer side

effects are develoPed.
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HELICOBACTER PYLORI

Long-term follow-up of gastric histology after
H elic o b acter py lori eradication

EOFFREY M FORBES,* J ROBIN Iù(/ARREN,T MARK E GLASER,* DIGBY JE CULLEN,*
BARRY J MARSHALL' AND BRENDAN J COLLINS*

tDepartments of *Gastroenærology andiPathology, Royal IÞrth Hospítal, Perth, Wesærn Ausralia,
Australia and tDepartment of Medicine, (Jniuersìty of Virginia, Charlouesuille, Vírginia, USA

Abstract Helicobauer ¿,,/orí causes ch¡onic acdve gasrids and is thought rhe
development of gasuic auophy, inresdnal metaptasia and carcinoma. As rhe ca-
don on this process is poorlv undersrood, we soughr ro determine úre lon lori
eradicarion on gastric histology. Fifry-four padenrs wirh duodenal ulcerarion associated wirh H. pylorí
infecdon received' H. pylori eradicadon ûrerapv in lg85i86 and eirher remained infecred (n=22) or had
the infecdon eradicated (n=32); padenrs were followed up by endoscopy wirh gasuic anrral biopsy for
7.1 years (mean). Histopathological anal¡rsis of gasuic anral mucosa from padenrs rendered H. pytori-
negadve revealed a marked decrease in borh inflammatory cells within ùre lamina propria and inra-
epithelial neurophils and an increase in epirhelial mucinogenesis. Gland arrophy remained unchanged
in both H. pylori-posidve and -negative oadenrs. !ühen examined for rhe presence ud severiry of
intestinal metaplasia, there was neither a difference benveen the rwo patient groups nor a change wiûr
time. These dan demonsuare that significant long-term improvemenrs in gasric hisrology accompany

' H. Ptlori eradicadon when compared with histology in parienrs wiùr persisrenr infccrion. Vherher tl¡is
confers a protecdve effect by reducing the risk of gasuic carcinoma remains unknown.

Keywords:
metaplasia.

eradicadon, follow-up, gasric auophy, gasuic carcinoma, Helicobauer p1,lori, histology,

RODUCTION unproven, but may relate to the development of chronic
gasuiris, mucosal auophy and intestinal metaplasiaH as

precursor lesions to malignancy.e-r2 Eradicadon of
H. pylori is accompanied by resoludon or improvement
in the hisrological scveriry of gasritis in the short
term,r3 but the effects of H. ptlori eradicadon on gasric
mucosal histology are unknown for periods greater than
2 years.ra In the present study we examined the long-
term histologícal ourcome of l'l. pylori eradicacion and
compared this with padenn who remained infected.

METHODS

One hundred patients with duodenal ulceradon asso-
ciated with gasuic anual H- pylori infection were
eruolled in a doublc-blind uial of H. pybri eradication
therapy in 1985/8ó, and were prospecdvely followed by
endoscopy with gastric anual biopsy for up to 12
months.rs Of 78 patients available in L992193 for

obacter pylori causes chronic acdve gastriris and is
gly associared wirh the developmenr of duodenal
gasuic ulceration. Numerous srudies have

¡nsuated that eradicadon of H- pybri reduces rhe
Tence rere of duodenal ulcer over a I and 2 vear
r,-up period; more recentt¡ this prorecdr.e effecr
reen shown to extend to 7 years after ûeamrenr.t
benefir of H- pylori eradicarion therapy in padenrs
gasuic ulcerarion probably êxis6,2': bur is less well
rlished. Of greater conuoversy is rhe relationship
een Ff. ¿tlori infecrion and gasric carcinoma and,
e, the role of eradicarion rherapl- in prorecdng
Ist carcinoma.
zlicobacter pylori infecrion is an iodependenr risk
r for the development of gasric carcinoma,r and
large muldnational srudy suggesred rhar rhis risk is

¡rld when compared wirh subiecls nor infected by
'ryhri.t The putarive mechânisms linking primary
ylori infection ulrimately to gasric carcinoma are

>rrespondence: Dr GM Forbes, Gasuocore¡olog1' Depanmenr, Royal Penh Hospiral, Box X2213, GPO, Perth, !0estern
ralia 6001, Australia.
:ceptcd for publicacion 9 February 1996.
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)IS CUSSION

ïe present snrd
f H. pylori is ac
t the hisrologic
fecdon. In pati
'as a marked reduction- in the lamina propria inflam_tatory cell inñlrare, almo;r .o_pl.r.'ìãls of intra_rirhelial 

_neuuophils and en ¡_p-".ri.r, ¡r, rhenounr of epithelial mucinoge".rir. ny--conrasr, inrrienrs who remain ed H. pytãr,._oosiriue, ,h.r. *", nolprovemenr in e isto[ogical i.*..r.In neirher ,É/.

rrienrs did úre H' PYlorí-negaúve

,er úre 7.1 year fouow up. r i":.",":H.tlrîtT:
, g:/on'-nosirive parienrs dìveloped hiläËsi.rr fearures''gasric arophy,: the. combinacion of-i.uere glandroph¡ exrensive menplâsia and n.gligiU¡. inflamma_
rn.17 Proposats rhar H- plttoi i"f..;oîi;;Ã utdmarelygasric auophy stem from tongirudin"i poputarionsed srudies,rr which suggesr rhar ch¡onic gasriris
enrually progresses ro auophic gasricis. F,rr*,., ,rrp_rt for úris sequence of evenc 

-.o-.r-nã_ 
a recenr

;5 .y."r. follow-up srudy of a group of unrreated F/.bn-posirive parienrs *ho deueiåp.á ;";ù. gasricisd inresdnal metaplasia more frequendv rhan did arup of padenrs never infecred.ó Thi; *"r-". imporranr
servadon in lighr of úle associarion U.*..., gasric
ophy and carcinoma.12 Inresdnal merapl"si, is also
)ught.^ Ig be a precursor lesion fo. 

- 
gasuic car_

roma.¡o'rr If ch¡onic H. pylci infecrion å1s lead rond atroph¡ inresdnal miraplasia ,r,d uic¡-"rel¡ intain individuals, gasric carcinoma, this process is:ly to occur ove! several decades. Hence, Ionger
radon o[ follow up of our pauenrs may be needed ro
:ect progrcssion of potendall¡z premalignanr hisrologi_
abnormalides.
\ furrher limiradon of our srudv is rhar onlv rhreeuic anual biopsies were taken at each endoscop-"_,
tce crearing the possibiliry of histological sampling
or. Overall, intesrinal meraplasia *as "generally 

mild
absenr, borh in parients who remain--e d H. pytori_
iitive rhroughour rhe srudy period 

"na 
*,or. in whompltlori was eradicared. Ciuì preliminarv histological

CiesrE were not undertaken using úre combined
iodic acid-Schiff and alcian blue ,,"i"i" . examine for
:stinal meraplasia. This resuked i., ,., ou.r.rrimarion
the presence of inresrinal meraplasia in our inidaliies, especially when persistent H. pytori infecdon
: presenr, and illust¡ares rhe imporr".r.i of chis rissue
n.
;uture long-rerm srudies of this rype ma-v be difficult
rndertake in view of rhe link berween iI. pylori and:ric carcinomate,20 and rhe recenr løorla Heakh
;anisation classificarion of H. pylori as a class I
:¡nogen. ft is unknown wherher successful H. pytori
licadon thcrapy resulrs in lessening of rhe gasric
cer risk to levels seen in subjecrs *ho h"u. .r..r..
n infecred. Previous follow-up srudies of up to 2's suggested rhar eradication of H. pytori results in
)mplete2¡ or no improvemenr in inresìinal metaplasia
lland atrophy.l{ T}rese observarions and rhe presenr
ly suggesr ú¡ar if .H. pltlori eradicarion is associared

TP . lesseued risk for gastric carcinoma, úris reduced
l1k -1y sor be to the level seen in sub¡ects ncverinfecred.

GM Fo¡úes et al.
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and endoscoPic
of rhat srudY hav
re time of each

s were taken for
dertaken by a single experienced histopathologist

blinded to the clinical details of each patienr and
usp
edde
msa
were

irehead classifica-
inflammatorY cell
f ePithelium; (iii)

; (iv) gland auo-

nd (v) intestin
s was perform enuY to Ûte

36 sruåy (dme of úrat srudY

r t = 0.8 yea¡s rhe 1992193

(mean t=7.1 ye cal Parame-
rere graded semi ing ro a l0
grading system a i the results

rrients who were PYlori oega-

,nd remained so over the 7-l years of follow-up

compared wiù¡ those padens who remained

ed rhroughout. Statistical analysis oI the difference

;tological grade from t=0 [o 7.1 years berween

r/on-positive and -negative padent groups was per-

:d using the Mann-\ùThiuteY U-cest'

,ULTS

3 padenn followed between 1985 and 1993, nine

e.xcluded f¡om histological srudy because they

r received H. pylori eradication therapv (n = 6) or

became reinfected wirh H. pylori (n = 3) during the

val period b TwenrY-rwo Pauents
remained H. 15 male, seven female;

n âge 52 Year Years) and 32 Padents

reÃained H. (23 male, nine female;

o age 52 years; range 24-78 years) had a mean

>logical follow-up over ?'l years (range 6'0-7'9)'

Tablc I Grading of rhe five histological ParÍrmeters

n and gøstric hütolop

le2

I-amina propria inflamroatory

cell i.u.âlraterreduccioo in

epirhelial mucinogenciJ
gland arophy

Neucrophil infrkadon of
ep irhelium/intcstina I

meraplasia

0-3
+-5
6-7
8-9

0
l-3
+-6
7-9

ìiormal
¡Mild
Moderate
.Varked

None
Mild
Moderare
Marked

P= 0.006, Mann
ence was no lo )

follow-up. In pa e

over rhe nexÏ 7.1 e

of inflammatory cell in6.luate in the lamina propna'

neurrophil infrluadon of the epithelium, intesdnal meta-

plasia, gland auophy or epithelial mucinogenesis'
By conuast, parients who remained H' pylori-negauve

showed a markid reducdon in boùr inflammatory cells

in the lamina propria and inuaepirhelial neuuophils ar

positive and -negative parients.

Hisrotogical grading of parienrs who remaine ð. H. pylori-posirive compared wirh rhose rendered H. pylori-nega(¡ve

Epithelial PMN MetaPlasia Arrophy Mucin
LP inñltrate

I patrents

=Q
= 0.8

= 7.1

- paoents

=Q

= 0.8

=7.1
alue

7.6 r 1.0

6.8 t 1.4

7.0 t 0.8

7.3¡1.3
3.7 + 1.5

1.9 t 0,8
< 0.0001

5.0t 1.4

4.6 t 1.7

4.9 r l.ó

5.3 t 1.6

0.3 t 0.5

0.3 t I.l
< 0.0001

0.7 t 1.4

0.7 t 1.3

0.9 t 1.3

0.8 * 1.3

Q.5 * 1.2

0.7 * 1.4

NS

5.0 t 1.5

4.5 t l.l
4.7 + 1.0

3.8 t 1.4

4.4 t 1.8

3.8 * l.ó
NS

6.0 t 1.7

6.9 r l.ó
5.6 t 1.7

5.7 ¡1.2
4.621.5
4.0 t 1.5

0.0004

rll patients were FL pylorr'-positive at t = 0; H' pylorí-ncgative parients were all negative for H- PYIori arO.8 and 7.1 Years'

-P infiltrate, the lamina propria inflammatory celt infiltratc; ePithelial PMN, ne utrophil infiluation of the cPithelium;

raplasia, intestinal meraplasia; atrophy, gland auo phy; mucin, reduction in epirhelial mucinogenesis; NS, noc signifrcanr;

:alue, analysis of ùe diffcrence in histological grade from 0 to 7.1 ¡rcars berween Hp+ and Hp - paticnt groups
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