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1. Biographical Notes

Adelaide

| was born on the 11th of June 1937, in North Adelaide, South
Australia, the first child of middle-class parents. | am a fifth-
generation South Australian. South Australia is a charming
state, a little overfull of the fact that, along with Victoria, it was
settled by free settlers from England, who took part in a land
investment program. There were no convicts. Elsewhere in
Australia, the major cities began as prisons for Britain’s un-
wanted, when America became closed to them after the War
of Independence. The original settlers arrived in 1836-1837,
and the beautiful city of Adelaide was chosen as the main set-
tlement. It was imaginatively designed, with the main city
square mile crossed by broad streets and surrounded by park-
land. Adelaide rapidly expanded during the Victorian era, and
by the end of the 19th century it was a bustling city of about
100000 people.

The Warrens migrated from Aberdeen in 1840. Their eldest
son, my great-grandfather John Campbell Warren, was a
member of the local government, Captain of the Light Cavalry,
and patriarch of a family of 16 children. He owned a large
estate in the Adelaide Hills. At the turn of the century, he sent
his sons to outback South Australia (Anna Creek) and Western
Australia (Katanning) to open up huge areas for cattle and
wheat. My father, Roger Warren, studied viticulture and
became one of Australia’s leading winemakers.

My mother’s ancestors migrated from England to Adelaide
with the first settlers in 1836-1837. My grandfather, Sydney
Verco, belonged to a dynasty of doctors. The Verco family still
make up many of Adelaide’s doctors. He died young, leaving
my grandmother, Alice, with no income and four children to
feed and educate. Somehow with the help of the extended
family, she managed to send all the children to private schools.
She scratched and saved to get enough money to send her
son, Luke, through medical school. My mother, Helen, had des-
perately wanted to be a doctor, but could not be similarly fi-
nancially supported. She eventually trained as a nurse instead.
| cannot remember my mother ever pressuring me to study
medicine, but somehow this always seemed to be my aim. We
were all very proud of my uncle Luke Verco, who was a captain
in the Army Medical Corps during the Second World War. | still
have clear memories of him in his uniform. After the war, he
became a country general practitioner, and my favourite uncle.

My parents married during the depression. Life was not easy.
When | was born, we lived at the seaside suburb of Brighton,
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which | only remember from photographs taken by my father.
In 1939, we moved to my grandmother’s old home in the
southern suburb of Unley. My earliest memories were of riding
my little tricycle to a local private school, which would have
roughly coincided with Japan’s entry into World War Il. For me,
the war was rather unreal. We knew it was something to do
with the Japanese up north, who were bombing Northern Aus-
tralia. | recall attending an exhibition of Japanese submarines
caught in Sydney Harbour. There were books about our brave
soldiers fighting Germans in North Africa. For children in quiet
little Adelaide these were all faraway events, almost an adven-
ture story.

Other things that we saw, without really understanding
them, were the almost total absence of cars, and the impossi-
bility of getting electrical goods for the home. One car on our
street used a ‘gas producer’, which burnt coke and produced
carbon monoxide to fuel the motor. We used to watch these
cars, with rusty black burners attached to the back, in some
wonderment. A car near our home had a gas bag on top of
the roof, as big as the car itself, filled with coal gas. Petrol was
almost unavailable, but this had little effect on me. Food and
clothing were rationed, but my mother seemed to be able to
keep the family well-fed and clothed, even if our idea of luxury
was “bread and dripping”, made with fat and meat juices from
the roasting dish, smeared on bread. When the war ended, we
were able to buy a refrigerator. Previously, food was kept cool
in an ice chest.

During and after the war, | attended the local public primary
school, Westbourne Park School. Education in those days was
much more by rote than today, particularly learning how to
spell columns of words and memorize multiplication tables. |
suspect the balance now has tilted too far the other way. With
the onset of calculators and then computers, arithmetic was
no longer done in the head, although | never regret the ability.
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Rote learning was actually only a small part of our education—
certainly not all of it, as the media often seems to suggest
today. My children seemed to be expected to pick up spelling
as they went along, reading and studying literature, but with
the onset of increasing home entertainment they seem to read
less than we did. We used to listen to the radio, and | made
myself a crystal radio set, which enabled me to hear the radio
in bed. My mother made sure that | could get any books |
wanted, and | was an avid reader of all the usual boy’s adven-
ture stories, both new and classic. | also used to read books
about science.

As | grew older, | obtained my first bicycle, which | used to
ride to school and visit my friends. In those days, the Adelaide
suburbs were remarkably safe. You hardly needed to lock the
house to go out (although mother always did). There seemed
to be no worry about children being attacked. There were still
very few cars on the roads, and the idea that it was unsafe for
children to ride alone was a generation away. | also used to
amuse myself riding in the Adelaide foothills, sometimes pick-
ing wild blackberries (which my mother made into beautiful
jam) or catching occasional ‘yabbies’ (the local wild freshwater
lobsters). | watched my father take family photographs with
his old Voitlander camera, and | finally persuaded him to buy
me a Kodak box camera for my 10th birthday. | soon obtained
developing dishes and printing paper, and my lifelong hobby
of photography was definitely started.

I was never good at sports at school, although | enjoyed a
game of cricket (played at a pretty low level), but | did
become more adventurous with my bicycle and camera, tour-
ing around the Adelaide Hills and taking landscape photo-
graphs. | was a bit of a loner, riding on my own and doing
whatever | wanted, not having to worry about how fast or
slow companions were. This did somewhat hinder my social
skills, but no doubt made my eventual profession in pathology
much easier.

As | entered my teenage years, | began my secondary educa-
tion. This was at the oldest school in Adelaide, St. Peter’s Col-
lege, the same school Lord Florey attended. At least two previ-
ous generations of Warrens went there. | found my father’s
name carved into a desk and dated 1917. Life there was quite
different from the local primary school. It was much more
competitive. The best students were in the top level, with four
levels in each grade (year). They had an arrangement similar to
English league football, with the bottom students in each term
exams being relegated to the class below. This happened to
me once, to my extreme annoyance, and | vowed to return to
level one and stay there. Most students who later attended
university were in the top class. The curriculum there included
English literature, two foreign languages (usually Latin and
French), mathematics (my favourite subject), physics, and
chemistry. All were required for matriculation to the science-
oriented university schools such as medicine or engineering.

Sport was an important part of the school curriculum. Un-
fortunately, | was never much good at it, and did not really
enjoy it. However, | continued my weekend cycling and pho-
tography. | attended the school's army cadet unit, where |
learned army skills and, presumably, instant obedience. | partic-
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Figure 1. A self portrait, drawn while | was working for my final exams in
Adelaide, 1960.

ularly enjoyed the rifle shooting. Target shooting, which |
learnt in the school cadets, became the primary sporting activi-
ty of my adult life.

I matriculated from the school in 1954, gaining a Common-
wealth scholarship. These scholarships were the initial attempt
by the Commonwealth government to provide free tertiary
education for the masses. | still think it was an excellent idea.
There were just about enough scholarships to cover anyone
who wanted to enter the major University schools, such as
medicine or engineering, so most people attending the Univer-
sity were provided with free education. The situation is much
more complex now, with the government paying the fees, but
requiring them to be repaid by the students when they start
earning money.

About this time | had my first experience of girls. | only had
brothers, and somehow my mother did not count. Girls had
always been very distant and strange people, especially the
snooty-looking ones who walked past our front gate on the
way to the local catholic convent school. (I married a catholic
girl from a different catholic school, who thoroughly agreed
with my description above!) Just before matriculation, the stu-
dents were expected to attend dancing classes and then invite
girls to the annual school ball. At first this seemed a strange
affair, trying to learn ballroom dancing with a lot of girls who
seemed just as shy as me. However, we soon got the idea, and
we began to have a lot of pleasure, with groups of boys and
girls developing personal relationships. There was none of the
‘going steady’ culture, which seems to have dominated that
period in America, and certainly a generation later with my
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children. For us, it was all very easygoing and pleasant, noth-
ing serious.

Also, during my matriculation year, an event occurred that
was to mark most of my life. One morning, my mother found
me unconscious on the back lawn. | recovered without appar-
ent ill-effect, but some time later it recurred. | was soon diag-
nosed as suffering grand mal epilepsy. | was placed on pheno-
barbital, and then a variety of other drugs to try and control
the seizures, but control remained imperfect. | was unable to
obtain a driving license, a major event for young people at
that age. There were apparently numerous comments to my
mother at the time from people, both professional and friends
and relatives, who should have known better. Many apparently
suggested keeping me at home, no university, definitely no
medical school, and so on. Thank goodness, none of this fil-
tered through to me at the time; it made life difficult and em-
barrassing enough as it was at that rather sensitive teenage
period. Mother had enough sense to give me a free rein to do
what | liked, and none of this was ever mentioned. It was only
years later that | came to appreciate just how much my
mother had gone through to support my independence and
personal maturation. My cycling in the hills continued, never
interrupted by epileptic attacks or by admonitions that it was
‘too dangerous’. Apparently, mother was worried sick, but she
never said a word about it.

| obtained entry to the medical school of the Adelaide Uni-
versity in 1955, and the next stage of my life began. The first
year was a wonderful entry to the university environment.
Much of the work was a repetition of the final year at school.
There was far more freedom. For the first time, we learnt
about responsibility; we could work or not, as we liked. The
only difference was that at the end of the year, a pass or fail
was on the student’s own shoulders. Help was always there if
we wanted it, but some of my colleagues revelled in the ability
to do nothing. Luckily for me, | was enjoying the work too
much to miss it. | particularly enjoyed botany and zoology,
new subjects for me. | remember dissecting a frog and setting
up its skeleton—my specimen showing a marked absence of
any imagination, just bones glued to a piece of cardboard!

Both before and after starting university, | always read
widely, including numerous scientific books and medical histo-
ry books. Astronomy was a particular interest of mine at the
time. | remember reading Fred Hoyle’s books about the uni-
verse. | read the Oxford Junior Encyclopaedia, all 12 volumes. |
probably should have spent as much time reading textbooks!
Unfortunately, while | found textbooks fascinating to read as
my curiosity and interest dictated, when | had to learn them
for exams, they tended to lose their charm.

Medicine began in earnest with the preclinical years two
and three. | was at the medical school almost full-time. The
medical school was set apart from the main university build-
ings and the direct association with the university during first
year was largely lost. Most of our time was spent in the anato-
my department dissecting a cadaver or learning bone and
joint structure and attachments, then the inner organs and the
brain. | have never regretted the chance to learn anatomy
(and, in later years, pathology) in such detail, which today’s
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students do not have time for. While | do not remember all the
anatomy, it soon comes back with a glance at Gray’'s textbook.

We also learned physiology, biochemistry, pharmacology,
embryology, and histology. | illustrated my notes for the latter
two subjects with full-colour sketches from the practical
classes, using purple and pink pencils for haematoxylin and
eosin. In those days there was only a very simple range of
available drugs and, although we did not realise at the time,
pharmacy and pharmacology were very simple in comparison
with what the students need to know today.

The next adventure began with the clinical years four, five,
and six. In those days, the Royal Adelaide Hospital was the
only general teaching hospital in South Australia. In both its
scattered buildings and in its function, it was like a living
museum. Some of the best wards were “temporary” buildings
erected for World War I. One was named Verco Ward, after one
of my mother’s uncles. Some of the more Victorian wards were
like an old English moving picture; a huge barn-like structure,
with beds along each wall and Sister at the high table at one
end. Nobody argued with Sister, especially not the students,
who were assigned patients to study and follow-up and were
treated as the bottom of the social ladder (by everyone but
the nurses—who wanted future doctors to marry—and the pa-
tients, who generally seemed to appreciate our attention). This
three-year term of surgery, medicine, and obstetrics & gynae-
cology, passed very quickly. There always seemed to be some-
thing new and interesting around the corner.

After medical school, life became very busy. We were called
“Junior Resident Medical Officers”: the equivalent of today’s in-
terns. We actually were residents, living at the hospital resi-
dents’ quarters. A second government hospital opened, and |
obtained a position there. At that stage in life, | was still very
much an innocent, with very little exposure to the outside
world of finance and employment. All graduating medical stu-
dents were given Junior Resident positions. These entailed
about 100-120 hours per week working, with very little pay-
ment (I received £17-10 per week). Nevertheless, | was young
and fit, and the constant work was actually very enjoyable. |
bought a Leica M3 camera and started to turn my hobby to
professional subjects, photographing interesting clinical le-
sions. | do not think | have ever worked in a branch of medi-
cine that | did not enjoy.

This period changed my life around again. The new hospital
also provided a second obstetrics facility for the medical
school. The obstetrics students lived in the resident’s quarters.
Some of the students were young women. Their dormitory
was near mine. We soon became good friends, and then |
found myself very attached to one Winifred Williams. In fact,
before we knew what had happened, | was spending all my
spare time at her home. | remember one magic day, we wan-
dered through the Botanic Gardens together, and it started to
rain. Next thing we were arm in arm in the glasshouse, but we
did not notice the flowers. Soon we were engaged and, a year
later, married. For me, that was the biggest and best decision
of my life, and so easy to do at the time.

| remained a little innocent about the big bad world outside.
I did not realise how easy it was for us, with automatic posi-
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tions provided—even if it was almost slave labour. Law stu-
dents, for instance, had to find clerking positions with private
firms to complete their Articles of Clerkship, before they could
practice at all. Other students had to find employment for
themselves. | learned a valuable lesson at the end of my resi-
dent year. | assumed it was good manners to only apply for
the second-year position that | wanted, Registrar in Psychiatry.
| did not get the post and found myself, to my surprise, unem-
ployed. Luckily there were still a few positions available, and
the one which appealed to me most was Registrar in Clinical
Pathology at the Institute of Medical and Veterinary Science,
attached to the Royal Adelaide Hospital.

In practice, “Clinical Pathology” meant mainly laboratory
haematology, which | thoroughly enjoyed. We had a good deal
of freedom and responsibility. Although the usual work en-
tailed reporting on blood smears and bone marrow, we had a
wide range of other tasks, including examining faeces for para-
sites, examining urine and testing skin and nails for fungus. |
put my drawing skills to work again, with detailed sketches of
the various ova, amoebae, and other organisms we saw. It
really was an excellent all-round position to give one an overall
feeling for pathology.

By the end of that year, Win graduated MB BS, and we had
our first baby on the way. My pay was just about double what
| earned in the intern year and, in pathology, my time of work
was largely during the day. Life was settling into an enjoyable
routine, if less adventurous. | had learnt about employment by
then, and | applied for every position advertised at the end of
the year. My first choice was Temporary Lecturer in Pathology
at Adelaide University, and | obtained the position. The work
there consisted largely of morbid anatomy and histopathology
under the guidance of Professor Jim Robertson which complet-
ed my overview of pathology and convinced me to go for
membership of the (then) new College of Pathologists of Aus-
tralia. Our baby boy, John, was born, and we thought he was
so wonderful, we had to start another. Of course, the baby
soon started to crawl around, still wonderful, but a constant
handful. By the time we realised our mistake, it was too late
and our second baby was on the way. Win was still trying to fit
in her intern year (it took her four years in bits and pieces to
finish).

Melbourne

Again | applied for every position possible, both in Australia
and overseas. As it turned out, | was offered the position of
Clinical Pathology Registrar at the Royal Melbourne Hospital.
We moved to Melbourne, for one of the happiest periods of
our lives. The pathology community in Melbourne was much
bigger and more active than in Adelaide, and Sydney was only
a short distance up the coast. Everything seemed to be at our
fingertips. The work was similar to that at the Medical and Vet-
erinary Institute two years before. A couple of years of clinical
pathology under the tutelage of Dr. David Cowling and Dr.
Bertha Ungar enabled me to pass the college exams in haema-
tology and microbiology.
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After this, | became Registrar in Pathology for training in
morbid anatomy and histopathology. All hospital deaths re-
ceived a postmortem examination, for which we were respon-
sible each morning. After morning tea, we examined the day’s
biopsy slides and presented them in a Grand Round, using a
primitive old slide projector that was lit with two arcing rods
of carbon. It really was quite an entertaining and educational
show, with most of the surgeons present. Dr. Doug Hicks, the
Head of Department, would bark out questions to the resident
and comments or answers to other questions. We had to work
hard and fast, but Dr. Hicks was an excellent teacher, and ev-
erybody learned from the show.

After four years in Melbourne, | finished my college mem-
bership and was a fully fledged pathologist. Our second son,
David, was born during our first year in Melbourne. Win some-
how managed to fit in her intern year between babies. This
was complicated by the unexpected arrival of twin sons, Pat-
rick and Andrew, two years later. We had four sons under 3}
years old! After this we decided that the Catholic Church
methods of contraception needed assistance! Win was now
able to practice, if only part time. This was very difficult in an
era when “women stayed home”. Part-time positions required
a lot of talking, with promises to leave if she was not suitable
(she was never asked to leave).

| was trying to obtain a position as pathologist at Port Mor-
esby in Papua New Guinea, which was then in the process of
obtaining independence from Australia. | thought | could
obtain experience with some of the more exotic and unusual
diseases. However, this had to be done through the Depart-
ment of Foreign Affairs, and government red tape was extraor-
dinarily slow. | was working in my room one afternoon, when a
thickset man with a strong Germanic accent walked in and
said, “You are working with me next year,” and walked out.
There was no chance for explanation or argument. | discovered
he was Professor Rolf ten Seldam, the Professor of Pathology
at the University of Western Australia and the Royal Perth Hos-
pital. He was apparently a man no one argued with, or at least
not twice. So | gave the Department of Foreign Affairs one day
to settle the position in Papua and when they failed to reply, |
accepted the position in Perth, Western Australia.

Perth

We arrived in Perth in January 1968. In Melbourne, we had no
trouble renting a flat for the family. In Perth, there was nothing
to rent, especially with four children. We had little money and
no experience of buying property. Luckily, our first real estate
agent was a good choice. He found us a good house to buy
and a rental property in the interim. What | had not realised
was that he told the owners that | was ‘the new doctor at the
Royal Perth’—quite true, but the owner thought he meant the
new medical superintendent, who had received a good deal of
newspaper publicity, and not just the junior pathologist! Life
quickly settled down.

Pathology at the Royal Perth Hospital was totally different
from Melbourne. We went along at a much more leisurely
pace, but with a much more flexible timetable. We did less
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work, but it seemed to take longer to do it. Perth was a small
and isolated community. It has doubled in size over the last
30 years, with a population now of over one million. These
days, most pathology training in Australia is in a single special-
ty. In Perth, this had always been the case, perhaps because of
a lack of positions for training, other than haematology or
morbid anatomy. Trainees were encouraged to keep the same
position. In contrast, the eastern states, with most of Australia’s
population in one quarter of the continent, provided numer-
ous training positions in all branches of pathology. General
training was considered to be the norm, to give a broad base
in all branches of pathology, before specialising in one area, as
| did. | think this helped me later when dealing with Helicobact-
er, but it made me something of an oddity to my colleagues in
Perth, who had all specialised in their particular branch of
pathology from the start, giving them an in-depth knowledge
on a narrow base.

In 1970, our last child, Rebecca, was born, our first daughter.
Since Win only had sisters and | only had brothers, our knowl-
edge of the difference between boys and girls was strangely
superficial. Somewhat to our surprise, with no pushing from
us, our daughter was quite different from the boys. Where
they enjoyed running around in the dirt and pulling things to
pieces, she would sit inside playing with dolls. After this, Win
managed to get more work, and became quite an experienced
general practitioner. She decided to specialise in psychiatry,
and was accepted into the college training scheme, which
took most of her time into the early 1980's.

Helicobacter

During the 1970’s, | wrote up a few interesting cases and de-
veloped an interest in the new gastric biopsies that were be-
coming frequent. | also attempted to develop improved bacte-
rial stains for use with histological sections, as | describe more
completely in my Nobel lecture. Then, in 1979, on my 42nd
birthday, | noticed bacteria growing on the surface of a gastric
biopsy. From then on, my spare time was largely centred on
the study of these bacteria. Over the next two years, | collected
numerous examples and showed that they were usually relat-
ed to chronic gastritis, usually with the active change de-
scribed by Richard Whitehead in 1972. | attempted, with some
difficulty, to obtain a negative control series, by collecting
cases reported as normal gastric biopsies. This was more diffi-
cult than | expected, because all gastric biopsies were coded
the same, wherever they came from in the stomach. Almost all
so-called normal biopsies were from the corpus. Normal biop-
sies from the gastric antrum were very rare, but | eventually
found 20 examples, and none showed the bacteria. With this
material available, | began to prepare a paper for publication.

In 1981, | met Barry Marshall, and we agreed to undertake a
more complete clinico-pathological study. He could cover the
clinical aspects and provide improved biopsies, specimens for
culture, clinical history and endoscopy findings. This resulted
in our papers of 1983 and 1984, linking the infection to duode-
nal ulcer and culturing a new organism. My letter to the
Lancet in 1983 was a summary of the paper that | was prepar-
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ing when [ first met Barry Marshall. After this Barry and | con-
tinued our association, but he moved to the Fremantle hospi-
tal. | was involved with the pathology related to several stud-
ies: Professor Goodwin, improving the accuracy of culture to
diagnose the infection; Dr. lvor Surveyor, producing the breath
test for diagnosis; and doctors Marshall and Morris, attempting
to fulfill Koch’s postulates to demonstrate that the bacteria
was a pathogen.

Figure 2. Barry and me working in the pathology department, Royal Perth
Hospital, 1984.

Winifred, who was much more literate than me, used to
read our papers. She was able to point out clichés or excessive
jargon, and suggest ways of making the work more widely
readable. Before | met Barry, Win was the only person to
accept my work and encourage me. Considering that much of
this work was done after hours or at home, thereby stealing
her husband, she had every right to be annoyed. Particularly
as she was a doctor, and knew the standard teaching that
nothing grows in the stomach, and therefore that | was trying
to prove the ‘impossible’. As a psychiatrist, she could have sug-
gested | was mad. But she stood beside me and helped me
when no one else would.

My last major work was the pathology for a large study by
Barry Marshall et al to show the effect of eradicating the bacte-
ria on the relapse rate of duodenal ulcer. The study extended
over seven years. It clearly showed that, after successful treat-
ment of the infection, recurrence of peptic ulcer was rare; oth-
erwise, it was usual. For me, the study provided a wealth of
material to study the associated pathology. It soon became
clear that active gastritis was very closely related to the infec-
tion. Treatment of the infection produced a very rapid and
complete resolution of the active changes in the surface epi-
thelium. Other changes, including lymphoid infiltration of the
stroma and some epithelial changes, disappeared more slowly
or not at all. The active changes varied considerably. The clas-
sic severe changes described by Whitehead were present in
about 10 to 20% of cases. At the other end of the spectrum,
some biopsies showed only occasional single intraepithelial
polymorphs. These epithelial changes were almost absolutely
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Figure 3. Working in my room at RPH, 1986.

related to the infection. With experience, | found the same fea-
tures in the mucosa from the corpus, usually much more mild,
superficial and focal than the antrum. Finally, the duodenal
ulcers seemed to be distal pyloric ulcers rather than true duo-
denal ulcers. They appeared to arise in the distal pyloric
mucosa, or perhaps the gastroduodenal junction.

By 1990, our findings began to be recognised by the medi-
cal community. We started to receive increasing numbers of
honours and requests for attendances at meetings and lec-
tures. It had been an interesting decade. After our initial publi-
cations in 1983-1984, a wealth of further studies appeared,
most of them apparently just repeating our work, with similar
results. No one proved we were wrong. Yet in spite of this, no
one but patients and local general practitioners appeared to
believe our findings. Many patients demanded treatment, and
some GPs were very keen to treat them. Otherwise, it seemed
that only our wives stood beside us.

In 1996, | was invited to Japan for a lecture tour. The follow-
ing year, a three-month tour of Germany and adjacent coun-
tries was arranged by Manfred Stolte and Hansjérg Meyer. This
provided us with some real recognition for our work, and it
seemed the fighting was over. The tour was a wonderful work-
ing holiday for Win and me. However, soon after our return,
Win experienced difficulty eating, and investigation showed
duodenal obstruction due to an inoperable pancreatic carcino-
ma. Win gradually deteriorated and died four months later.
After spending this time caring for her, | decided the time had
come to retire.

At first, | spent most of my time trying to return to my
hobby, photography. | intended to print my own pictures,
using today’s improved digital technology. The early results
were interesting, although more complicated than | had ex-
pected. Digital pictures only provide a narrow band of informa-
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Figure 4. The new generation—with my new granddaughter in 1997.

tion. Only 256 tones are available for each colour. Outside this
range is either total black or total white, with no information.
This is quite unlike photographic film, which shows a flattening
of the curve at each end of the tonal range, with an almost
continuous variation still present in light and dark areas. | had
to put this project aside to try and digitise all my old publica-
tions, microphotographs and other works, since | was receiving
many requests for them. Now | have to put that aside, because
the Nobel Prize has brought a stream of requests for my pres-
ence at meetings and presentations.

Honours, Awards, Prizes for Medicine

Sixth International Workshop Campylobacter, Helico-
bacter and Related Organisms, 1991: Guest of honour.
Warren Alpert Foundation Prize 1994, Harvard Medical
School, jointly with Dr. B. J. Marshall, “for research that has
led to improved understanding and treatment of a specific
disease: identifying Helicobacter pylori as a cause of peptic
ulceration”.
Australian Medical
Branch: 1995 Award.
Royal College of Pathologists of Australasia: Distinguish-
ed Fellows Award 1995, “for Distinguished Service to the
Science and Practice of Pathology”.

The First Western Pacific Helicobacter Congress, Febru-
ary 1996: Inaugural Award, “in recognition of his contri-
bution to the advancement of medical science through
the co-discovery of the gastric pathogen Helicobacter
pylori”.

Association—Western  Australian
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The Medal of the University of Hiroshima, September
1996.

The University of Adelaide Alumni Association: Distin-
guished Alumni Award, 24 October 1996, “in recognition
of your contribution to the healing of peptic ulcers, to the
relief of human suffering and to huge world wide econom-
ic savings”.

The Paul Ehrlich and Ludwig Darmstaedter Award 1997,
Paul Ehrlich Foundation, Johann Wolfgang Goethe-Univer-
sitat, Frankfurt am Main, Germany, jointly with Dr. B. J. Mar-
shall, “for your discovery of Helicobacter pylori as cause for
peptic ulcer”.

Guest speaker at the Centenary Meeting of the German
Society of Pathology, Berlin, May 1997.

Honorary degree of Doctor of Medicine, University of
Western Australia, September 1997.

Guest speaker at the World Helicobacter Meeting,
Lisbon 1997.

Faulding Florey Medal, 1998, centenary of the birth of
Lord Florey.

Australian Institute of Political Science, Cavalcade of
Australian Scientists of the 20™ Century, for “excellence
in intellectual endeavour and contribution to international
scientific research”. Presented at the Tall Poppy Dinner,
Melbourne, May 18, 2000.

Nobel Laureate in Physiology or Medicine for 2005, for
“the discovery of the bacterium Helicobacter pylori and its
role in gastritis and peptic ulcer disease”.

2. Introduction

This is the story of my discovery of Helicobacter. At various
times | have been asked: did | steal the discovery; did I find it
by accident; did it follow some brilliant research work; or was
it serendipity. My answer to most of these is a definite “No”.
Obviously, as with any new discovery, there is an element of
luck, but I think my main luck was in finding something so im-
portant. | think the best term is serendipity; | was in the right
place at the right time and | had the right interests and skills
to do more than just pass it by. First, let us examine this.

Before 1970, well-fixed specimens of gastric mucosa were
rarely seen in clinical practice. Biopsies, taken with the rigid
gastroscope or the suction method, were very uncommon.
Gastrectomy specimens are clamped at each end, with the
contents inside. They fix slowly from the outside. Meanwhile
the mucosa autolyzes and any organisms disappear. Autopsy
specimens are even worse. Most surgical specimens were
taken to remove tumours or ulcers and pathology descriptions
are centred on this rather than the fine histology of the
mucosa. If they described gastritis at all, pathologists gave it
names such as ‘superficial’ or ‘atrophic’, which showed little
real relationship to the histology.

Since the early days of medical bacteriology, over one hun-
dred years ago, it was taught that bacteria do not grow in the
stomach. When | was a student, this was taken as so obvious
as to barely rate a mention. It was a “known fact”, like “every-
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one knows that the earth is flat”. Known facts can be danger-
ous; to quote Sherlock Holmes (Conan Doyle, The Boscombe
Valley Mystery) “There is nothing more deceptive than an obvi-
ous fact”. As my knowledge of medicine and then pathology
increased, | found that there are often exceptions to “known
facts”. In the stomach, organisms, usually yeast or fungus,
often grow in the necrotic debris in ulcers or tumours. Unusual
infections sometimes do involve the gastric wall. Once | saw
tuberculosis. Bacteria, floating above the mucus layer on the
epithelium, are often seen in gastric biopsies. They appear to
be mixed varieties, probably just passing through, dead, or
contaminants; they are relatively sparse in cultures.

The introduction of the flexible endoscope changed all this.
It enabled gastroenterologists to biopsy many of their patients.
Small biopsies, placed immediately into formalin, fixed well. In-
stead of rare, these became some of our most frequent biop-
sies. Whitehead accurately described them in 1972. He de-
scribed “active” changes, which become important in my story.
His pictures of this (Figure 5) show intraepithelial polymorph

Figure 5. Whitehead’s illustration of active change shows gross distortion of
the superficial epithelium (top) and intra-epithelial polymorphs in the neck
of a gland (arrowheads). (R. Whitehead, Mucosal Biopsy of the Gastrointestinal
Tract, 1st Ed., Figures 15, 16, 17, pp. 20-22. ©1973 Elsevier Inc., reprinted
with permission.)

infiltration in the necks of the gastric glands and a remarkable
distortion of the foveolar (surface) epithelium. These features
proved to be quite common and easy to diagnose. They were
remarkably consistent in appearance, although often much
more focal or mild than in the original illustrations (Figures 6
and 7). The changes were superficial, usually involving only the
epithelium.

Whitehead devised a classification based on the features he
actually saw and described. Most of these features are men-
tioned in the diagnosis. This allows any associations between
histology and other clinical features to be noted. | was very im-
pressed with Whitehead’s work. | simplified his classification
for my own use (Table 1), and the pathology of the stomach
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Figure 6. A focus of the surface (foveolar) epithelium, to the right, shows gross epithelial irregularity of the type described by Whitehead. The changes are
often much milder than shown here (H&E x 100).

Figure 7. The section is cut obliquely through the necks of the gastric glands. This shows numerous gland necks in transverse section, lined by foveolar type
epithelium. Glands are visible in the lower area, lined by smaller mucus-secreting cells. Polymorphonuclear leucocytes infiltrate the epithelium of the neck of
one gland (arrow). There are also individual PMNs in other gland necks (arrow heads). Sometimes a few of these is all that is found, and the infiltration is
often focal, as shown here (H&E x 100).

suddenly seemed to make sense. The diagnosis describes in  shows a complex mass of tissue structures that also stain. To
one short line the features actually seen. see bacteria, it is necessary to contrast them with the tissue.

Microbiological stains are excellent for staining bacteria in  Gram-positive organisms and acid fast organisms contrast with
smears, especially from a clean culture. However, histology tissue sections. Warthin-Starry silver stain of tissue shows spi-
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Table 1. My simplification of Whitehead’s Classification of Gastritis.®!

high power | thought consisted
of numerous bacteria. My col-
leagues could not see them, so

Type of inflammation Acute, Chronic, etc.

Other features present

Pathology Description
Severity Mild, Moderate, Severe
“Active” Active (if present)

Atrophy, Metaplasia, Dysplasia, Reduced mucus secretion

| stained them with the War-
thin-Starry silver stain and nu-
merous bacteria were easily visi-
ble at low power. At high

ings (in brackets) with the appropriate descriptive terms.

[a] Using this table, the diagnosis may be written as a single line. In the following example, replace the head-

##Diagnosis: (Severity)—(Active ?)—(Type)—gastritis—(with any other features).

power (Figure 10), they were
obviously small curved and

rochaetes (in syphilitic chancres) and bipolar Donovan bodies
(the Gram-negative bacilli in granuloma inguinale). | was inter-
ested in microbiological stains. After seeing several cases of
granuloma inguinale in which the bacteria were clearly visible
with the silver stain, | was experimenting with this stain on
other Gram-negative organisms, with variable success.

Thus, | was a young pathologist when high quality gastric
biopsies became frequent. By 1979, | had a particular interest
in gastric pathology, based on Whitehead’s work and, in partic-
ular, his description of active gastritis. | was interested in bacte-
rial stains, especially the use of silver stains for Gram-negative
bacilli. In addition, electron microscopy had recently started in
our department. | found this interesting, giving another dimen-
sion to histology. Finally, | was interested in drawing speci-
mens, and also in photography, both of which helped me to
discern detail.

2. Discovery: the Easy Part

My adventure with Helicobacter began in June 1979. A routine
biopsy showed severe active chronic gastritis (Figure 8). The
epithelium showed gross cobblestone change, very similar to
Whitehead's description. Nuclei were out of alignment. Mucus
secretion showed a marked patchy reduction. Focal intraepi-
thelial polymorphonuclear leucocytes were present (Figure 9).
There were numerous lymphocytes and plasma cells in the
stroma. A thin blue line was visible on the surface, which on

Figure 8. My first case. The epithelium shows gross cobblestone change,
most marked to the right, resembling Whitehead's “active” change. A thin
blue line on the surface shows bacteria at high power (H&E x 100).
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spiral bacilli, closely applied to
the epithelial surface and often
arranged in palisades.

Figure 9. Diagram from my first case shows active changes in the infected
epithelium (below). Normal (above) shows a flat surface and well aligned
basal nuclei.

| took tissue from the wax block used for standard histology
and obtained electron micrographs. The images were of good
quality and showed the bacteria well (Figure 11). There were
small curved bacilli closely applied to the surface. Some were
attached to microvilli. The top of the cells bulged out. Mucus
secretion was reduced. Bacteria were infiltrating between the
bulging tops of the cells, but not obviously past the cell junc-
tions; however they may do so, because occasional bacterial
fragments were seen in the superficial stroma.

Electron microscopy demonstrates the normal anatomy of
the columnar (foveolar) epithelium and the mechanism of the
active change. The normal epithelium shows a flat surface, but
there are numerous tiny microvilli (Figure 12). The microvilli
contain bundles of filaments that attach to the top of them.
These filaments normally extend through the cells and attach
to the cell base, giving the cells a rigid structure. This fixes
their shape and also maintains their internal architecture, with
basal nuclei and superficial mucus secretion. Normal columnar
epithelium can be scraped from the mucosal surface, smeared
onto a glass slide and still retain the columnar structure on cy-
tological examination. Helicobacter pylori attach to the micro-
villi (Figure 13) and often flatten and destroy the microvilli. The
filaments become detached and the cells loose their structure.
They behave in an amoeboid fashion, with nuclei floating
through the cytoplasm and the surface bulging out.

My colleagues finally believed the bacteria were there. How-
ever, they doubted their importance, and challenged me to
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Figure 10. My first case. High power view with the silver stain shows numerous curved bacilli on the distorted epithelium (Warthin-Starry x 1000).

Figure 11. My first case. High power electron microscopy shows the top of
two epithelial cells bulging out, with small curved bacilli closely applied to
the surface. Few microvilli are seen.

find any more cases. | thought they were worthy of further
study (Figure 14) so | continued to search and, to my surprise,
| found them in quite a significant number of biopsies. The
number increased with experience. Many cases showed only
mild pathology, but the basic changes were still present. Even-
tually | was finding them in about a third of the gastric biop-
sies.

Another interesting feature gradually became apparent as
my experience increased. | found the bacteria were easily visi-
ble on many surgical specimens. They were only seen along
the cut edge of the specimens, where a narrow strip of
mucosa came into rapid contact with the formalin fixative. In
addition, they were often mixed with a variable number of

682

www.chemmedchem.org

© 2006 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

spherical organisms, particularly slightly further (2-3 mm) from
the cut edge. It soon became apparent that the spherical or-
ganisms were the degenerating form of Helicobacter. This strip
of ‘mixed’ organisms, only seen along the cut edge of the
specimen, probably helps explain the absence of past reports.
They would undoubtedly be seen as contaminants. We found
these specimens a very useful source of positive control speci-
mens when performing the bacterial stain.

3. Difficulties

I was unable to convince the clinicians of the importance of
the organisms. Generally, they did not believe they were there
at all. “Everybody knows the stomach is sterile”. Gastritis was
not considered to be of much significance anyway. Most
thought that if the bacteria were there, they were just secon-
dary to the gastritis. The histology suggested the opposite to
me, but it was hard to prove. Another common question was
“If they are there, why has not anyone described them
before?” At that stage | did not know why | had not seen
them, let alone no one else.

It has become apparent over the years that gastric bacteria
have been described many times over the last 100 years."
However, these descriptions were not generally known. Most
of them were either veterinary biopsies or from research ani-
mals, which provided well fixed specimens without regard for
“patient” well-being. Most descriptions were looked on as pe-
culiarities, of no particular importance, even by their authors.
The apparent absence of any previous report was given to me
as one of the main reasons why they could not be there at all.

| worked in a laboratory, without patient contact. Although
the tissue quality was far better than it had been before the
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Figure 12. Electron microscopy, low power, of normal foveolar epithelium shows a flat surface with numerous tiny microvilli just visible.

Figure 13. Very high power electron microscopy shows how the bacteria
attach to the surface microvilli and flatten them. Bundles of filaments are

visible within the microvilli to the left.

Conclusion:

Thers is chronic gastritis with a emall erosicn, The quality of

the surface mucus appears slightly more dense then normal in many
areas, and it contains numerous bacteria in close contact

flexible endoscopes, most gastric biopsies were taken from
visible lesions such as ulcers, to diagnose or exclude carcino-
ma. As a result, the histology often showed the effects of the
nearby lesion. | needed biopsies from apparently intact antral
mucosa, to show the effects of the bacteria without the com-
peting effects of other lesions. The idea of taking gastric biop-
sies for culture was considered ludicrous. The patient’s well-
being was the prime consideration.

Acute inflammation in the stroma is not specific for Helico-
bacter infection, and is often due to nearby ulceration. As
might be expected with a surface infection, only the superficial
intraepithelial polymorphs are closely associated with the in-
fection. Flattening of the foveolar epithelium is often due to
the healing edge of an ulcer, particularly when associated with
grossly reduced mucus secretion, gland atrophy or stromal fib-
rosis and polymorph infiltration. Helicobacter is often rare in
such areas, even when it is plentiful on nearby intact mucosa.

After two years | had collected many cases and was almost
ready to publish my findings. Then Barry Marshall, the new
gastroenterology registrar, came to my room and asked to see
my work. He had been told to find a research project, and
since he did not like the one suggested, his superiors sent him
to me. He was the first person
to show any interest in my
work, so | showed him. He did
not seem impressed at first, but
he agreed to send me a series

with the surface epithelium. These bacteria have the morphology of biopsies from apparently
of Campylobacter. They appear to he actively growing and not normal gastric antrum, to see if
2 contaminant. I am not sure of the significance of these the same findings were present.

unnsnual findings, but further investigation of the patient's
eating habits, gastro-intestinal functicon and microbiology may be

worthwhile.

Figure 14. My original conclusion when | first reported the bacteria.
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He soon became more enthusi-
astic, and | finally had a clinical
collaborator.
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4. Success

In 1982, we obtained biopsies for culture and histology from
100 consecutive outpatients referred for gastroscopy. Most of
them complained of peptic symptoms or pain, so this could
not be investigated. They all completed a detailed clinical pro-
tocol that listed every symptom Barry could think of.

The results were totally unexpected. First, the bacteria were
not related to any significant symptoms, only bad breath and
burping. The gastroscopy reports were surprising. They
showed that the gastric infection was most closely related to
duodenal ulcer. Most gastric ulcers were associated with the
infection, but every patient with a duodenal ulcer was infected.
“Gastritis”, as observed on gastroscopy, was not related to
either the histology or the bacteria.

At first, no bacteria were cultured. Finally, plates incubated
for five days over the Easter holiday showed a culture of a new
type of bacteria, not described previously. The microbiology
technicians had previously treated our research culture plates
as routine cultures and discarded negative plates at 48 h. After
this, the plates were allowed to mature, and several more cul-
tures were obtained. The bacteria showed many features of
Campylobacter, but they were unusual and were eventually
considered to be a new genus, now termed Helicobacter.

| sent a letter to the Lancet in 1983, a summary of the work
| had done before | met Barry.? Barry sent an accompanying
letter describing our joint work. He also presented our findings
at the Brussels Campylobacter conference. Martin Skirrow, who
chaired the conference, was very impressed with our work.

We sent our definitive paper to the Lancet in 1984.5 Al-
though the editors wanted to publish, they were unable to
find any reviewers who believed our findings. Our contact with
Skirrow became crucial here. We told him of our trouble, and
he had our work repeated in his laboratory, with similar results.
He informed the Lancet and shortly afterwards they published
our paper, unaltered.

| continued as a clinical pathologist, with an interest in Heli-
cobacter. The subject rapidly expanded throughout medicine
over the next decade. The original methods for diagnosis and
treatment were all suggested by Barry. | was involved with the
pathology from: two attempts to fulfill Koch’s postulates; the
development of the breath test for diagnosis; improved meth-
ods of culture; studies of duodenal ulcer.

Helicobacter patients show considerable variation. | was in-
volved with these early examples.

- Barry gave himself a severe active gastritis, to the disgust of
his wife, in an attempt to fulfill Koch’s postulates.

- Morris, in New Zealand, gave himself chronic gastritis and
took years to cure it.

- My wife developed arthritis and as soon as she took NSAIDs
she developed severe epigastric pain. Stopping the NSAIDs
reversed this. And again. | sent her to Barry, who found Heli-
cobacter, treated it and she was able to take the NSAIDs. Do
not take it for granted that NSAIDs are the only guilty party.

- Most patients are symptomless. This was actually one of our
major difficulties. | was an example. After she was treated,
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my wife complained that | had bad breath. | was positive
for H. pylori and after treatment marital bliss returned.

Active gastritis

In 1986, we undertook a double blind trial to find the effect of
treatment of Helicobacter pylori infection on ulcer relapse.” All
patients received treatment for their ulcers. They received anti-
bacterial therapy or placebo for Helicobacter infection. All were
examined by multiple gastroscopies and biopsies for
12 months and again after 7 years. This provided me with ex-
cellent material for the study of the pathology related to Heli-
cobacter and, also, the pathology of duodenal ulcers.

I quantified the grade of gastritis on a 0-36 scale by giving
a value 0-9 for each of the main four features seen with active
gastritis: intraepithelial polymorphs; typical epithelial distor-
tion; reduced mucinogenesis in the foveolar epithelium; in-
creased stromal lymphoid cells (@ nonspecific change seen
with all chronic inflammation). This gave easily obtainable and
remarkably consistent grades of gastritis for each case. From
these results | made a histogram to show the grades of inflam-
mation before and after eradication of H. pylori (Figure 15).

HELIC!

"TER AND GASTRITIS

Figure 15. Histogram, comparing gastritis before and after eradication of
H. pylori. The normal range is (0-14), in the absence of pre-existing disease
or infection.

The grade of gastritis when Helicobacter pylori was present
was usually above 20. This includes all patients in the study, in-
cluding pre-treatment biopsies of those in whom the bacteria
were later eradicated. Biopsies were taken 2 weeks after treat-
ment. After successful eradication of H.pylori, the active
changes disappeared very quickly, and the grades in the histo-
gram for these patients were mainly below 20. The true
normal range is 0-14, but our cases show treated active gastri-
tis, many biopsies taken only 2 weeks after treatment, not
random normal samples. The stromal lymphoid cell infiltration
disappeared more slowly, over about twelve months or more.
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The absolute difference between the two groups is very im-
pressive. There is some overlap, but the difference in the gas-
tric pathology with and without Helicobacter pylori is incontro-
vertible (Figure 15). One interesting feature was the consisten-
cy of the results over time. Repeated biopsies from each pa-
tient showed remarkably constant histological features
throughout the 7 years of the study, as long as the bacteria re-
mained. The active changes vanished as soon as the bacteria
were eradicated, within weeks. This strongly suggests the bac-
teria caused these changes. “Active” changes are almost never
seen in the absence of H.pylori. Other changes remained
longer, particularly structural damage such as scarring, and epi-
thelial changes like gland atrophy, metaplasia and dysplasia.

Duodenal ulcer

We were surprised to find duodenal ulcer so closely related to
Helicobacter. However, further investigation shows that most
duodenal ulcers can be viewed as distal pyloric ulcers. They
are in the duodenal cap and the pyloric mucosa normally ex-
tends through the pylorus (Figure 16). Biopsies from the proxi-

NORMAL PYLORUS

pylorus

gastric mucosa

”

DUODENAL ULCER

Figure 16. Diagram of the pylorus; the gastric mucosa normally extends into
the proximal duodenum, and forms the proximal border of most duodenal
ulcers.
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mal border of all duodenal ulcers in this study showed either
gastric mucosa or scarred mucosa, consistent with a gastric
origin and with no apparent Brunner’s glands, as seen in duo-
denal mucosa.

The pyloric mucosa is very mobile and easily moves some
distance through the pylorus. When the stomach contracts, a
mixture of food fragments and corrosive gastric juice squirts
through the pylorus. Perhaps it is not surprising that ulcers are
so common here, especially when the epithelium is damaged
by infection and active inflammation.

5. Conclusions

Now, the importance of Helicobacter is generally recognised,
particularly with regard to duodenal ulcer. As a pathologist, |
am disappointed that active gastritis is not considered worthy
of treatment. | see it in all infected stomachs, although often
mild. Unfortunately, it does not cause many symptoms and
nobody is interested. In conclusion, we now know that Helico-
bacter had been seen and largely ignored for over 100 years. |
saw them 25 years ago and linked them with active gastritis.
Barry Marshall and | cultured the bacteria and linked them to
duodenal ulcer. In various different ways over the next few
years we proved these relationships.
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