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Macfarlane Burnet

The Concept of Self

Neeraja Sankaran

A remarkable contemporary genius, Dr. Macfarlane Burnet,
the Australian immunologist, began his investigations by a
poetic opposition of the self and nonself. How does the self
recognize the nonself and expel it from the body?'

This passage appeared in a 1969 article on the nature of
genius by Robert Graves.? The acknowledgement of Mac-
farlane Burnet’s talents in such an article is both striking
and unusual. Graves was a literary scholar, not a scientist,
and the article was published in, of all places, Playboy
magazine. Despite such exposure, Burnet has remained
a relatively unknown figure outside scientific circles and
beyond Australian shores.

In his article, Graves homed in on an aspect of Bur-
net’s considerable scientific achievements, the idea of
the immune self, a concept that has helped define and
shape medical science as we know it today.® Identifying
the immune self is what Graves deemed Burnet’s work of
genius, and it formed part of the basis on which Burnet
received the 1960 Nobel Prize in Physiology or Medicine.*
While it might be his best-known legacy, the self was nei-
ther his first nor last major contribution to science.

URNET HIMSELF HAD speculated on the nature of
B his creativity and intellect long before Graves. In a
diary he kept while a young man, he wrote:
If there is any respect in which T have a really first class
brain it is in the faculty for generalisation. Properly con-
trolled it is the highest work of intelligence but creative
imagination is liable to run far away from the bound of that
which is or can be proved.’

Lest readers mistake this self-portrait for arrogance, it
is only fair to include a second diary entry from the same
period, in which the author offers an unflinching assess-
ment of his shortcomings:

I had a horrid experience today in the simplest of circum-
stance ... Just by standing near two full length mirrors. ... T
never knew what an intensely undistinguished figure I cut

from that aspect before ... when I saw that bashful hobble-
dehoy ... I really felt most vexed.®

Burnet was the son of a banker and a school teacher,
born and raised in the small country towns of Traralgon
and Terang in the southeastern Australian state of Victo-
ria. It was to this upbringing that Burnet would attribute a
lifelong interest in collecting things. He would also credit
his success as a scientist to the mindset inculcated by this
habit: “I am by temperament an ecologist, a naturalist, a
collector of beetles, a snapper-up of unconsidered trifles.
I believe that some of the best work I did ... depended on
this characteristic of mine.””

Burnet’s diaries show him to have been an avid reader,
as likely to bury himself in the novels of Joseph Conrad
as to grapple with the nonfiction writings of Henri Berg-
son. He would later admit that he opted to study medicine
“for [the] weakest of reasons,” more through a process
of elimination than any deliberate decision on his part.
At the time, the other options open to “clever boys”
from country towns were “law or the church.”® Burnet
never regretted his choice. While in medical school he
found the type of teachers and supervisors who steered
him to his career in research; he was offered a post in
pathology rather than the field he had applied for, clin-
ical neurology. As he noted in his diary the following
day:

I was a bit nonplussed and didn’t seem very keen at the
time, but on thinking it over I'm sure that it’s a chance not
to be missed. ... I can see quite clearly that though I am an
excellent hospital physician I am by no means likely to be a
success as a GP. On the other hand I believe strongly in my
suitability for laboratory and research work.’

As a pathologist dealing routinely with clinical speci-
mens from patients, he had a steady supply of surplus raw
material for microbiological research, which he evidently
put to good use. Less than three months into his new posi-
tion, he began a diary entry with the revelation that “the
fever of scientific research is beginning to grip me.”*
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Today I’'m in the best of spirits with the world. I have iso-
lated a bacteriophage that is behaving very nicely indeed
and probably today was the first occasion on which any
man in Australia ever saw the curious worm eaten appear-
ance of a bacteriophage culture on agar ... The “alone I did
it” feeling is nice and it is pleasant to be tackling something
new ... I have more imagination than is good for a pure
scientists and at the moment rosy colored visions of the
possibilities in the bacteriophage are opening before me."

This diary entry by Burnet, written a few weeks after he
had commenced a registrarship in pathology at the Walter
and Eliza Hall Institute of Medical Research (WEHI) in
Melbourne, marks what was inarguably the most excit-
ing and influential research project that he encountered
during this early phase of his career. At the time “a fas-
cinating new fairy-tale of science,” bacteriophages have
since secured a permanent place in the history of science
as one of the most important research tools for establish-
ing molecular biology in the mid twentieth century.’? Their
role in this development, as well as the history of their
discovery and the priority dispute that ensued, have been
well documented.”® Less well-known and only recently
subject to historical investigation have been the advances
in bacteriophage research in the years between these two
events. Burnet was one of the most prolific and prom-
inent contributors to this era of bacteriophage research,
and made crucial contributions to the understanding of
their nature and uses.”* Reciprocally, the bacteriophages
became the whetstone on which he honed his scientific
style and the habits of mind and laboratory practice that
shaped his career.” They laid the foundations for his later
success as an immunologist: “keeping me thinking about
the nature of immunity and the antibody,” and eventually
in his formulation of the concept of self.!®

Burnet’s first major contributions to bacteriophage
research was made as a PhD student at the Lister Institute
in London, England, where he developed a technique for
assaying bacteriophages and found evidence to confirm
Félix d’'Hérelle’s idea that the entities he had discovered
and named were viruses.” Early in his investigation of
bacteriophagy, d’Hérelle had designed an experimen-
tal protocol to track the growth of bacteriophages. The
results seemed to indicate that bacteriophage particles
increased in a stepwise fashion synchronized with bursts
of lysis from the host bacteria. D’Hérelle had considered
this evidence compelling enough to conclude that bacte-
riophages were particulate viruses that infected bacteria
and multiplied within them.!® Most researchers interested
in the phenomenon disagreed with d’Hérelle’s notion of
bacteriophages as viruses; they offered many and varied
alternate theories, but no one had actually tested, much
less refuted, his results. It was left to Burnet, a dozen

years after d’Hérelle had introduced his ideas, not only
to improve the original experimental design, but more
significantly, through a series of measured arguments, to
falsify all other extant theories for the nature of bacterio-
phages.”” When Max Delbriick and Emory Ellis published
their classic paper on bacteriophage growth almost a
decade later, they owed their assumptions to Burnet’s
findings.?°

In a second paper published in 1920, Burnet found
himself at odds with d’Hérelle. Burnet was investigating
a phenomenon known as lysogeny, which had been dis-
covered by Jules Bordet.?! Certain bacterial strains, Bordet
observed, appeared to undergo lysis spontaneously and to
transmit this ability to successive generations of bacteria.
It seemed to him that the lytic principle came from within
the bacterial cell and could not, therefore, be an external
agent akin to a virus.”? Burnet affirmed that lysogeny was
an authentic phenomenon and not an artifact, as d’Hérelle
had claimed. But moving beyond Bordet’s findings, Burnet
saw that lysogeny and d’Hérelle’s classical bacteriophagy
were completely different phenomena, mediated in very
different ways:

It may be useful ... to regard the phage as an independent
parasite or [emphasis added] as a unit liberated from the
hereditary constitution of some bacterium, the usage being
determined wholly by its functional activity at the time.?

Burnet’s insights into lysogeny may have been prema-
ture in light of the lack of knowledge at the time about the
physicochemical nature of both viruses and genes, but they
were shown to be true by André Lwoff during the 1950s.
Many years later, in a commemorative volume in honor of
Burnet’s eightieth birthday, it would be his work on lysog-
eny, rather than any later achievements in immunology,
that Melvin Cohn identified as a special act of creative
genius.?* Although Cohn did not allude to the earlier arti-
cle by Graves, there is, in fact, a curious link between the
two men’s perception of Burnet’s genius. The first glim-
merings of the notion of organismal selthood can be found
in Burnet’s description of lysogeny. By Burnet’s reckoning,
lysogeny was a phase in the life cycle of the bacteriophage
when its autonomous viral self became indistinguishable
from the self of the host bacterium by merging with its
hereditary constitution.?

Burnet continued to work on the bacteriophages, creat-
ing a solid body of work. He published 28 papers between
1925 and 1937, including an influential review article, an
invited contribution to a set of volumes on medical micro-
biology, and an original article later deemed a crucial
contribution to microbial genetics.?

LTHOUGH BURNET’S RESEARCH during the first
decade or so of his career was primarily focused
on bacteriophages, they were not his sole pre-
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occupation. While a PhD student at the University of
London, he was an assistant in the National Collection of
Type Cultures (NCTC) at the Lister Institute of Preventa-
tive Medicine. This work engaged him in the daily business
of bacteriological work; he maintained the NCTC’s vast
collection of bacterial cultures, “keeping them in order,
checking that there had been no changes in character and
preparing cultures for dispatch to bacteriologists who had
ordered them.”” When he revisited England as a research
fellow during the early 1930s, Burnet developed what he
described as a “very warm iron in the fire with the method
just devised by Dr. Goodpasture of cultivation of viruses”
in chick embryos.?® His collaboration with British virol-
ogist Christopher Andrewes also piqued his curiosity
about some groundbreaking work on influenza in which
Andrewes was involved.?” The melding of these two inter-
ests would result in some of Burnet’s most significant
achievements in the 1940s and 1950s.

Burnet proved his mettle as an independent scientist
in Australia during the investigation of the incident that
came to be known as the Bundaberg tragedy, named for the
northeastern Australian town where it occurred. In Janu-
ary 1928, whathad begun as a progressive, health-conscious
campaign to immunize local children against diphtheria
took a tragic turn, leaving 12 dead and six others severely
ill within 24 hours of receiving the vaccine. Despite the
vaccine being the obvious common denominator, exactly
how and why it was implicated in the illness and fatal-
ities was not immediately evident.* A task force headed
by the director of WEHI, Charles Kellaway, was formed in
response to a public outery.® Kellaway swiftly turned over
the microbiological part of the investigation to Burnet,
who worked with Mavis Freeman to solve the mystery.
They determined that the vaccine material had been con-
taminated with Staphylococcus aureus, a fairly innocuous
bacterium that causes boils and carbuncles, but which
can be dangerous when introduced into the bloodstream
in large numbers.*? Besides helping to establish Burnet’s
reputation, the Bundaberg tragedy also proved to be a sci-
entific opportunity:

From the point of view of my own professional career the
“staphylococcal phase” was important for a totally differ-
ent reason. It was the beginning of a more serious approach
to the nature of antibody production.®

By the late 1930s, Burnet had given himself over entirely
to investigating animal viruses. Spurred by epidemics in
Australia, he investigated not only viruses, but also dis-
eases, such as psittacosis and Q fever, caused by more
mysterious agents. His most significant body of work
in animal virology was on the influenza virus. Between
1935 and 1958, he published some 98 papers on the sub-
ject. He developed methods for cultivating and assaying
influenza viruses in chick embryos, identified techniques

for isolating them from human patients, and made some
of the earliest attempts to develop influenza vaccines.*
Of the six times Burnet was nominated for a Nobel Prize
prior to receiving the award, he was named twice, along
with Ernest Goodpasture, for refining the techniques for
growing the influenza viruses on chick embryos into a
quantitative assay for these viruses.*

In 1944, while on a three-month tour of major research
centers in the United States, Burnet was invited to deliver
the prestigious Dunham lectures at Harvard University.*
Rather than presenting details of his ongoing clinical
research, he chose instead to focus on the more theoretical
topic, “Virus as Organism,” because, “I had an interesting
story to tell of virus diseases looked at from an ecological
angle”’®” This ecological viewpoint was in fact an integral
element of Burnet’s biological thinking. He had already
begun to elaborate these views in Biological Aspects of
Infectious Disease, a semipopular book “written from the
point of view of a biologist as much interested in how the
parasitic species survives as in how the host species resists
it.”®® It was here that Burnet first clearly articulated his
concept of selthood. “Any organism,” he wrote, “which
lives by digesting the substance of other organisms must
in some way be able to distinguish between ‘self” and ‘non-
self”®

LTHOUGH THE FIRST mention of the self was

put forward in the context of digestion rather

than immunology, it was not long before Burnet
extended the argument to draw broader generalizations
about the nature of biological individuality. His work on
staphylococcal toxins was a major step in this direction,
but he was also shaped by more philosophical influences,
such as the works of Alfred North Whitehead, along with
advances in cybernetics and information theory.*® By 1949,
Burnet felt he had sufficiently developed his ideas about
the self in the immunological context and published The
Production of Antibodies, coauthored with his colleague
Frank Fenner. Their detailed explanation of what was
meant by the self and why it was important came to define
the entire discipline of immunology for generations to
come:

It is an obvious physiological necessity and a fact fully
established by experiment that the body’s own cells should
not provoke antibody formation ... This is not due to any
intrinsic absence of antigenic components ... The failure of
antibody projection against autologous cells demands the
postulation of an active ability ... to recognize “self” pattern
from “not-self” pattern in organic material taken into their
substance."!

Until this point, Burnet, for all his deep thinking on
the subject, had not published papers in basic immunol-
ogy. Despite this status as a relative newcomer to the field,
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The Production of Antibodies had an enormous impact on
immunologists.*> Peter Medawar claimed that the book
helped him and Rupert Billingham to evaluate the results
of certain transplant experiments, which had appeared
nonsensical without the context that Burnet and Fenner
provided.*?

As for its impact on Burnet, it is not a stretch to credit
this publication as the most important milestone on the
“road that led eventually to Stockholm.”** When he was
awarded the Nobel, The Production of Antibodies had been
Burnet’s only publication that dealt explicitly with the
notion of the immunological self. The concept of immu-
nological tolerance, for which he was recognized by the
committee, did not in fact appear in the book, but rather
in a report by Medawar and Billingham.*s But, as Medawar
remarked in homage to Burnet, “the notion of acquired
tolerance was a natural inference” of the concept of the
self.** Medawar and Burnet shared the 1960 Nobel Prize.

Despite all the attention it drew from different quar-
ters, Burnet saw his work on immunological tolerance as
“essentially only a way-station on the road to [a] broader
conception” of the nature of immunity.*” He believed that
the most important contribution of his scientific career
was the formulation and explication of the clonal selection
theory of antibody production*® This theory explained
how a finite population of cells in a body could be responsi-
ble for the vast repertoire of exquisitely specific antibodies
produced against the myriad of challenges that an organ-
ism was likely to face, such as infectious organisms and
allergens. Burnet’s proposal was that upon its first encoun-
ter with a new antigen, a single clone from a population
of antibody-producing cells would react by producing two
distinct lineages of clones: one to multiply into an army to
fight off the invading antigen, and a second held in reserve
to reproduce rapidly as the specific antibody when the
organism was exposed again to the same pathogen. Bur-
net’s theoretical framework was later backed up by others
with experimental evidence.*” Published in 1957, the clonal
selection theory was likely too recent for the 1960 Nobel
Prize committee to properly analyze and assimilate into
their evaluation of Burnet; they avoided mentioning it
altogether. Burnet, though, made up for this oversight
during his Nobel lecture, in which he explained the nature
of immunity and the immune self against the context of his
theory.>°

Burnet was just a few years away from retirement when
he published his first paper on clonal selection. Although
he maintained an active publication record until nearly
the end of his life, in his own assessment, “I knew that I
had done the most important thing I would ever do in sci-
ence. From December 1960, my personal ambition waned
and science seemed less important than the social predic-
ament of man.”” His later publications reflected this shift
as he began publishing books, articles, and reviews rumi-
nating on subjects such as cancer and aging.

LTHOUGH BURNET IS undoubtedly best known

for his contributions to biomedical research, his

activities were not solely confined to that sphere.
“Biological science,” he wrote in his autobiography, “stud-
ied in the laboratory has not [emphasis original] been
the whole of my life ... T have not always lived in an ivory
tower.””? Indeed, Burnet made prominent contributions
by advising the Commonwealth government on scientific
policy pertaining to ionizing radiation and biological war-
fare, chairing a committee to address the health issues of
indigenous populations in Papua New Guinea, and com-
municating the hazards of cigarette smoking to the public.
Gustav Nossal, Burnet’s protégé and successor as director
of WEHI, characterized his larger role as “the scientist
as citizen.” Throughout his career, according to Nossal,
Burnet

displayed unusual zeal in communicating to the public his
deeply held conviction that an appreciation of scientific
principles could impact on many facets of life. He used
public lectures, media appearances and the written word
in many articles and books to expound his views on diverse
subjects of general interest.*

The most obvious place where Burnet wielded influ-
ence was at WEHI, one of the oldest institutes dedicated
to medical research in Australia. He first entered its doors
as a first-year medical student in 1923 and remained
associated with it for the rest of his career. In 1928, as its
assistant director, he led a newly established bacteriology
unit. He took over the director’s position from Kellaway in
1944. Reflecting on his career, Burnet acknowledged the
importance of WEHI: “It is certain [that] if you take away
from my life the [WEHI] and what it implies, there is just
nothing left.”*

Despite his long association with the institute, Burnet’s
appointment as its director was not a straightforward
promotion. Although he had been a mentor through-
out Burnet’s early career, Kellaway advised him against
making a bid for the position. The advice was prompted, at
least in part, by a belief that Burnet’s shy and introverted
temperament was ill-suited to the nonscientific demands
of the role.’ Burnet did not entirely disagree with Kella-
way, but he felt he had earned the position, for which he
had the “fundamental vision and drive.” Having “acted
as [Kellaway’s] deputy competently enough during his
rather long wartime absence,” Burnet felt that he could do
the job without sacrificing his own research or scientific
reputation.’® Whatever his private advice to Burnet may
have been, Kellaway did not thwart his ambitions. As it
turned out, Burnet’s stewardship of WEHI was certainly
more than adequate. He found what Nossal described as
“a superb administrative formula without ever seeming to
be an administrator” and steered the institute to interna-
tional prominence.”’
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Burnet’s directorial decisions were not always uni-
formly applauded. On more than one occasion he acted
unilaterally, assuming the sole responsibility for sig-
nificant decisions. Likely the biggest surprise was his
directive, announced at a special meeting late in 1957, that
“henceforth all laboratory research in WEHI would focus
on immunological topics; virology would be phased out.”**
Nossal recalls at first being dismayed by the decision:
“Little did I realise that he had climbed onto a huge wave
that was just about to break, propelling us younger work-
ers into a glorious future.”®

A decision of this magnitude, rendered almost over-
night, must have undoubtedly meant major upheaval for
many long-standing non-immunologists on staff. Among
those affected were Fenner, who despite coauthoring The
Production of Antibodies would remain a virologist to the
end of his career, and Gordon Ada, a microbial biochemist.
Both had to relocate in order to continue working, yet they
maintained cordial relations with Burnet and continued to
speak of him with admiration long after his death.®® Bur-
net’s vision appears to have paid off. Nearly 50 years after
the switch, WEHI still enjoyed a reputation as “probably
the world’s best known research center devoted to the
study of immunology.”®!

Burnet was deeply committed to promoting Australian
science and would have surely been pleased by such an
assessment.

In a curiously illogical fashion I have a deep emotional
attachment to Australia ... T have been treated with extraor-
dinary generosity by the academic worlds of England and
America but I am an Australian and through all my work
there was a little extra drive which might be expressed in
our idiom “that I'd bloody well show them that we can do
as well in this country as anywhere else!”®

On more than one occasion, he turned down opportu-
nities to work abroad in England and the United States at
more established institutions with bigger, better-funded
laboratories and better salaries. Following his Dunham lec-
tures, Harvard University offered him a position. Although
it was a flattering and undoubtedly tempting offer, Burnet,
whose directorship at WEHI was still in question, turned
it down. His decision so impressed Cecil Drinker, former
dean of the Harvard School of Public Health, that he wrote
to the chairman of the board at WEHI, praising Burnet’s
conduct:

I really believe he evinced a degree of loyalty to your Insti-
tute and to his country in this matter which men of lesser
character might well have given up, since we were pre-
pared to do a great deal for him and he knew it.®®

It is inevitable that when recognition falls upon an
individual, the surroundings are also illuminated. As the

recipient of numerous international awards, Burnet’s
glory was reflected onto both his institute and country. He
found his induction into the Fellowship of the Royal Soci-
ety (FRS) of London in 1942 especially gratifying.

There is a special magic attaching to the letters FRS, and
nothing I have experienced really quite equaled the elation
that came with a cable from London in March 1942, telling
that T had been elected a Fellow.**

Burnet subsequently received the Society’s highest
awards: the Royal Medal in 1947 and the Copley Medal
in 1959. He was knighted in 1951 and received honorary
doctorates from Cambridge, Harvard, and Oxford. But
he expressed particular pride in being the first Australian
to receive the Nobel Prize for research conducted in his
home country. The sense of pride was reciprocal. In 1960,
the same year he won the Nobel, Burnet was announced as
the inaugural winner of the Australian of the Year award.*®

Neeraja Sankaran is a historian of science, science writer,
editor, and educator who is currently a visiting scholar at
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