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Jules Bordet 1870-1961
With the death of Jules Bordet at Brussels on 6 April 1961 there disappeared the
last of the Pasteurians of the great epoch. Jules Bordet was born a t Soignies, a
small town about 40 km. from Brussels, on 13 June 1870. The Bordet family,
originally from Rolampont on the plateau of Langres (France) settled on present-day
Belgian territory when an ancestor came to live a t Li6ge at the end of the eighteenth
century; there the father of Jules Bordet was born in 1834. Appointed a school
teacher at Soignies the father married and had two sons, Charles (b. 1868) and
Jules (b. 1870). When the father was appointed in 1874 to the &ole Moyenne of
Schaerbeek, a district of Brussels, the family moved to the capital.
Jules Bordet had his secondary education a t the Athdnke Royal of Brussels. He
showed an interest in chemistry and worked with great enthusiasm in a little
laboratory which he constructed in his home. At 16 he entered the University of
Brussels where he obtained, in 6 years instead of the usual 7, his Diploma of Doctor
of Medicine, in 1892. The same year he published in the Annales de Z’Institut Pasteur
a memoir entitled ‘Adaptation des virus aux organismes vaccinks ’ (Bordet, 1892).
In this he established that serial passage of Vibrio metchnikovi through a vaccinated
animal led to the selection of specially virulent microbes, little susceptible to
phagocytosis. This memoir was the result of a lively interest in experimental research
which had led the young student, during his medical studies, to frequent the
laboratory of Leo Errera of the Botanical Institute of the University. There he
experimented on the chemotactic sensitivity of the gametes of certain algae. The
work of Massart and of his brother Charles Bordet on the leucocytic chemotaxis
(Massart & Bordet, 1890) undoubtedly did much to direct Jules Bordet towards
microbiology and the work which was the subject of the 1892 paper. This led to
his obtaining a travel bursary from the Belgian Government, with which he was
able, after serving as a doctor at the hospital at Middelkerke, to go to the Institut
Pasteur in Paris. He was in Paris from 1894 until 1901. Bordet entered Metchnikoff’s laboratory, where great scientific activity by a group of brilliant workers was
in progress. He became friendly in particular with Cantacuzhe, Auguste Marie,
Salimbeni and Besredka. His strong personality, his activity, his infectious gaiety
and ardour for work imposed themselves on this society of enthusiastic young men
moved by the desire for knowledge. The discovery in 1895 of the roles of alexine
and antibody in the Pfeiffer phenomenon made him a star. There then followed a
series of papers which in a few years laid the foundations for the understanding of
humoral immunity and serological specificity.
In 1897 Rordet’s residence in Paris was interrupted by a mission to the Transvaal
to study rinderpest, which he undertook on behalf of the Institut Pasteur; there he
met a German mission led by Robert Koch. Bordet devised a method for the control
of rinderpest which consisted in injecting healthy animals with a little convalescent
serum from other animals and then putting the injected animals in contact with
infected animals in order to confer immunity by a mild attack of the disease.
When he returned to Paris Bordet again began his research work and new disVol. 28,No. 4 was issued 10 September 1962
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coveries were made in rapid succession: haemolytic sera (1898) and precipitating
sera (1899), which helped to establish on immunological grounds the reality of
zoological species; complement fixation (done for the first time on 16 March 1900
as shown by his experimental notebook); and in 1901 with his brother-in-law
0. Gengou the application of this reaction to the demonstration of ‘sensibilisatrices
spkcifiques ’ in various infections.
Bordet’s private life had meanwhile undergone a profound and happy change in
1899 when he married the wife whose love, intelligence and goodness never ceased
to sustain him until he died, thus bringing to an end an admirable union of two
people who had shared an exceptionally happy life. In 1900 a daughter was born;
later followed a second daughter and then a son.
In 1901 Bordet returned to Brussels. In the preceding year the province of
Brabant, in which Brussels is situated, had decided to create an anti-rabies and
bacteriological institute and offered its directorship to Bordet who, in spite of
pressing invitations from the Institut Pasteur in Paris, decided to return to his own
country to start the new institute. This was provisionally installed in March 1901
in the buildings of the Institut de Physiologie Solvay de l’Universit6 Libre in
Brussels. The creation, organization and management of the new laboratory demanded much labour from Bordet. It was a flattering distinction and a valuable
encouragement when, in 1908, Madame Pasteur gave permission for the Institut du
Brabant to take the name of Institut Pasteur de Bruxelles, which it jealously
preserves. In 1905 the Institut moved to its present building, which had been built
for it and which it still occupies. Henceforth the burden of administration and of
teaching took more and more of Bordet’s energy, though it did not hinder his
research work. Papers continued to appear : studies of the antigen-antibody
reaction; the discovery of the whooping cough bacillus (Bordet & Gengou,
1906 a,b) a study of blood coagulation; the discovery and cultivation of the organisms of avian diphtheria (1907); a description of the agent of bovine pleuropneumonia; the discovery of conglutination (Bordet & Streng, 1909) and of
co-agglutination (Bordet & Gengou, 1911); researches on anaphylatoxins (1918b).
In 1907 the Universitb Libre of Brussels appointed Bordet to the Chair of
Bacteriology in the Faculty of Medicine. Until 1935 he taught and lectured,
giving an abundance of experimental facts, expounded with precision and simplicity
in a logical and methodical sequence of extreme clarity. His lectures were followed
avidly by the medical students, won by the infectious enthusiasm of this exceptionally gifted teacher.
The First World War made scientific research difficult in an occupied country.
During these sombre years Bordet undertook the editing of his Trait4 de Z’immunite‘
darts Ees maladies irtfectieuses which appeared in 1919. Bordet, isolated by the
hostilities, received great moral support when in 1916 the Royal Society elected
him a foreign member. With the return of peace international scientific activity
began again, but new tasks claimed Bordet. Belgium had suffered greatly during
the war; the Universitk Libre of Brussels in 1920 sent to the U.S.A. a delegation to
seek the aid of the Rockefeller Foundation to build new institutes for the Faculty
of Medicine, and Bordet was nominated to this mission, During this trip he learnt
that the Nobel prize for 1919 had been awarded to him for his work on immunity.
When he returned to Belgium he was welcomed by the Royal Academy of Medicine
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a t a special meeting to which many of his foreign colleagues came. In response to
the speeches about himself Bordet made the following charming comment: ‘It is
true that Nature from time to time sheds a little of her mystery; sometimes one
succeeds in picking up some of the petals which she strews in the wind ’. The Nobel
Prize was the culmination of many honours conferred on Bordet; his international
reputation was further enhanced. In 1922 he spoke a t Strasbourg, in the presence
of the President of the Republic of France, for foreign scientists a t the commemoration of the centenary of the birth of Pasteur. In 1930 he was President of the First
International Congress of Microbiology, held in Paris, and in 1946 in Paris he gave,
in the name of his foreign colleagues, an admirable discourse at the meeting in the
Sorbonne to commemorate the 50th anniversary of the death of Pasteur. In 1933
after the nearly simultaneous deaths of Roux and Calmette, Bordet was nominated
President of the Scientific Council of the Institut Pasteur in Paris. There each year
he lectured on immunology, drawing conclusions from new discoveries with a flair
for the essential and a capacity for interpretation which made the lectures a
periodical review of progress in immunology.
The accumulation of more honours and duties which came to him in the scientific
and medical life of his country did not prevent Bordet from continuing to devote
himself to his true mission and dearest occupation, experimental research. Between
the two World Wars most of his activity was concerned with bacteriophage, then
a new discovery. With various colleagues he established the antigenic power of
phage and the hereditary character of lysogeny; he noted the role of calcium and
microbial variation in susceptibility to bacteriophage.
In 1990, at the age of 70, Bordet gave up the directorship of the Institut Pasteur
of Brussels but, in spite of the difficulties of a second enemy occupation of Belgium,
he carried on work with his son, who succeeded him as Director of the Institut.
Unfortunately Bordet’s sight now began to fail, putting an end to his laboratory
work. He maintained, however, a very active membership of numerous committees.
In 1950 there was a celebration in the great hall of the Universitb Libre of Brussels
on the occasion of his 80th birthday; numerous public authorities, foreign scientists
(whose spokesman was Sir Alexander Fleming), Academies, Universities, friends
and pupils, united to pay him a moving tribute. His speech of thanks constituted
a fervent profession of faith in the value and future of science. In retirement he
lived with his wife in an appartment near the University and maintained his
interest in everything happening in the world, especially in the world of science.
His greatest pleasure was the frequent visits he made to the Institut, to which he
remained attached by the strongest bonds. His health, which had always been
exceptionally robust, only failed in the last months of his life; he died peacefully
on 6 April 1961.

The scienti$c work of Jules Bordet
The scientificwork of Jules Bordet is remarkable both in extent and depth. One
is astonished by the number of his fundamental discoveries in immunology and by
the contributions of the first order that he made in bacteriology, about blood
coagulation and in the study of bacteriophage. On his arrival in Metchnikoff’s
laboratory an immunological problem first attracted Bordet. Pfeiffer and Issaeff
had just noted (Pfeiffer, 1894; Pfeiffer & Issaeff, 1894) that cholera vibrios, when
1-2
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injected into the peritoneum of a guinea pig immunized against this microbe,
changed into spherical non-motile granules which soon died. This bacteriolytic effect
did not occur in an untreated guinea pig, however, but did occur in the peritoneum
of untreated guinea pigs receiving cholera antiserum along with the vibrios. Since
antiserum had no bacteriolytic activity in vitro, Pfeiffer imagined that the endothelial
cells of the peritoneum were necessary for the bacteriolysis. On the other hand,
Metchnikoff, observing the granular transformation of vibrios in vitro, in peritoneal
exudate of an immunized guinea pig, attributed the bacteriolytic power to leucocytes
present in the exudate (Metchnikoff, 1895). Bordet, however, noticed that the cellfree antiserum was bacteriolytic in vitro provided it was fresh (Bordet, 1895).
After heating to 55" or storage the antiserum lost its bacteriolytic power, though it
still contained agglutinins for the vibrio. Bordet then discovered that a little fresh
serum from a non-immunized animal would restore bacteriolytic power to a heated
or aged antiserum. He drew the conclusion, 'the only one however which it was
possible to deduce' he said later, that the bacteriolysis was due to the combined
action of the two substances: heat-resistant antibody found only in the serum of the
immunized animal, and heat-labile substance present in the sera of both immunized
and non-immunized animals. He realized that the serum of animals immunized
against Vibrio cholerae agglutinated and lysed V. chokrae only, just as sera of
animals immunized with Vihio metchnikovi agglutinated and lysed only V. metchnikovi; the antibodies were specific. In contrast, fresh serum from a non-immunized
animal restored to heated antisera lost bacteriolytic power. Moreover, it was not
necessary even that the heated antiserum and the fresh normal serum should come
from the same animal species. The substance in the serum which collaborated with
the specific antibody was therefore unique. Bordet recognized that this substance
was like the alexine of Buchner (1889a-c),that was a principle responsible for more
or less marked bactericidal or haemolytic activity discovered in normal sera by that
author.
Normal sera, however, can agglutinate certain micro-organisms and the red blood
cells of other species of animal. Since injection of microbes considerably enhanced
the agglutinating power of the serum for the microbe, Bordet asked himself whether
the injection of rabbit red cells into a guinea pig might not similarly enhance the
power of the guinea pig serum to agglutinate these foreign red cells. The results of
the experiments surpassed his expectations :not only did the serum of the immunized
guinea-pig agglutinate rabbit red cells but in a few minutes lysed them completely
(Bordet, 1898). The haemolytic serum thus discovered was found to act exactly like
the bacteriolytic serum. The haemolytic power disappeared on heating to 55' and
could be restored by adding alexine. The combined action of non-specific alexine and
specific antibodies was thus revealed as a mechanism involved in the reaction of
the living animal against the introduction into its body of innocuous foreign
material, such as the red cells of another animal species. The elaboration of specific
antibodies against microbes was only one aspect of the same general capacity of
the living organism to defend itself against penetration by foreign elements.
In 1895 Bordet had established the first example of an in vitro serodiagnostic
method by showing that a trace of heated cholera antiserum specifically agglutinated
a suspension of cholera vibrios and not a suspension of vibrios of a different species
(Bordet, 1895). Thus, just as the specificity of sera which agglutinated different
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vibrios permitted the certain distinction of cholera vibrios from other vibrios, so
the remarkable specificity of haemolytic sera permitted animal species to be distinguished by components of their cells. Bordet showed in 1900 that it was the stroma
of red cells which carried the antigenic specificity and with Renaux (1926) that
zoological specificity resided in the lipids of the stroma. But since 1899, the work
of Bordet and of Tschistovitch on specific precipitins against animal proteins
had shown that the humoral constituents of the organisms were equally important
in zoological specificity. Bordet discovered that injection of cow’s milk into a rabbit
gave a serum which precipitated the casein of that milk (Bordet, 1899a). A little
later he (1899a) and Tschistovitch (1899) simultaneously observed that the sera of
animals immunized with the serum of a foreign species specifically precipitated the
proteins of this serum. The use of these precipitating sera in medicolegal diagnostic
tests of blood stains is well known.
The combined action of antibody and alexine which Bordet had proved necessary
for bacteriolysis and for haemolysis by antisera was elucidated when in 1900 he
demonstrated for the first time the phenomenon of alexine (complement) fixation.
He had shown that after contact with a sufficient dose of cholera vibrios the specific
antiserum lost the power of making new vibrios susceptible to lysis by alexine.
The antibody therefore, in fixing itself on the vibrios, ‘sensitized’ the microorganism to the action of the alexine, hence the name ‘sensibilisatrice’ (sensitizer)
which Bordet gave it. In a crucial experiment he showed that alexine itself also
fixed on the micro-organisms but only when these had been sensitized by specific
antibody.
Ehrlich & Morgenroth (1899) and Bordet (1899b) noted independently that red
cells would absorb antibody from heated antiserum and after centrifugation were
haemolysed by alexine. Bordet (1899b) also noted that the antibody was fixed so
firmly to the red cells that even after several washings the red cells retained the
ability to be lysed by alexine. In 1900 Bordet showed that the alexine was firmly
fixed to red cells sensitized with specific antibody and that it was possible in this
way to remove all alexine from fresh serum.
The role of the sensitizer was to confer on the antigen (vibrio or red cell) the
ability to fix alexine. Bordet confirmed the non-specific character of alexine, it was
the same alexine which affected red cells and transformed cholera vibrios into
granules (Bordet, 1900, 1901). From 1901 on, Bordet and Gengou applied the
reaction of complement fixation to the serodiagnosis of numerous infections
(e.g. typhoid fever, anthrax, swine erysipelas), by which the presence of the specific
sensitizer in the sera of the sick animal could be revealed (Bordet & Gengou, 1901b).
The later application of this method by Wassermann to the diagnosis of syphilis
and more recent applications amply demonstrate the fruitfulness of Bordet’s
discovery.
In the years which followed Bordet worked continuously in this fertile field of
humoral immunity where so many discoveries were to be made. In 1899 he recognized in the sera of non-immunized animals antibodies analogous to those of immune
sera, notably in that they were sharply specific (Bordet, 1899a). In 1899 and 1904
he found that the antibodies and alexine in sera were themselves antigenic when
injected into animals of different species; and thus obtained anti-alexines, antiagglutinins, and anti-sensitizer. The specificity of these anti-antibodies depended
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on the zoological source of the antibody : the antiserum of a guinea pig immunized
with rabbit serum neutralized indifferently all the antibodies obtained in the rabbit
by immunization with various antigens (Bordet, 1904).
In 1906 Bordet & Gay explained a phenomenon described in 1902 by Ehrlich &
Sachs, who had observed that guinea pig red cells were haemolysed by a mixture
of normal bovine serum heated to 55” +fresh normal horse serum, although neither
serum alone was active. Ehrlich & Sachs (1902) concluded that the normal bovine
serum contained a substance that sensitized the red cells to action of the alexine in
the normal horse serum. Bordet & Gay (1906) recognized a phenomenon which had
escaped the other two workers, namely, the marked agglutination of the guinea-pig
red cells produced in the mixture of the two sera. They suspected that the explanation of Ehrlich & Sachs was incorrect and that a new phenomenon was being
observed. By ingenious experiments Bordet & Gay established that the bovine
serum contained colloidal materials which adsorbed to red cells already loaded with
sensitizer and alexine, and as a result both agglutinated and lysed them. I n the
experiments of Ehrlich & Sachs the fresh horse serum supplied both sensitizer and
alexine but, as is known, horse alexine does not lyse even strongly sensitized guineapig red cells. The heated bovine serum supplied the additional colloids which, on
fixation to the red cells charged with sensitizer +alexine, agglutinated them and
promoted their haemolysis (Bordet & Gay, 1906). This phenomenon of conglutination as Bordet named it (Bordet & Streng, 1909) occurs also with microbes (Streng,
1909), and constitutes a very sensitive test for the fixation of alexine.
The strong absorptive capacity of the antigen +antibody complex is evident in
another phenomenon described by Bordet & Gengou (1911) under the name of
co-agglutination. When rabbit serum was added to a mixture of defibrinated normal
guinea-pig blood and the serum of guinea pig immunized against rabbit serum,
there was a marked agglutination of the red cells. Analysis showed that the
antigen +antibody complex formed by the union of rabbit protein and the corresponding guinea pig antibody led to the flocculation of the red cells-the first
recorded example of an indirect haemagglutination reaction (Bordet & Gengou,
1911)

During these years of intense activity in the field of humoral immunity Bordet
was preoccupied with the mechanism of the union of antigen with antibody and
maintained a long controversy with Ehrlich on this subject. To Ehrlich’s theory of
the union of toxin and antitoxin in fixed proportions, based on the hypothesis of
a strong affinity between the two substances, and a similarity of their combination
to that of a strong monovalent acid with a strong base, Bordet proposed his theory
of the union of antigen and antibody in variable proportions, as in adsorption. In
his own words ‘les rkactions anticorps-antighe consistent en accolements fort
analogues aux phbnomhes d’adsorption dQs A, l’affinitb intermol&culaire,lesquels
offrent ce caracthre important que les substances rbagissantes s’unissent en proportions tr6s variables. De ce point de vue, la rkaction de l’anticorps sur l’antigitne
peut se comparer A la condensation d’une couleur d’aniline sur le papier-filtre . .’.
Bordet’s theory explains how under-neutralized toxin no longer kills the animal
which receives it, although still producing certain toxic phenomena. According to
the theory of union in variable proportions these mixtures contain not an excess of
pure toxin along with completely neutralized toxin, as would be required by the
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theory of union in fixed proportions, but only of partially neutralized toxin, that is
to say, toxin which has absorbed uniformly a quantity of antitoxin too small to
neutralize the toxicity completely. The later work of Heidelberger and his colleagues
confirmed by quantitative chemical analysis of specific precipitates that antigen
and antibody indeed combine in variable proportions.
In 1918 Bordet’s interests turned to the problem of anaphylaxis and particularly
to the question of anaphylatoxins. Various authors, notably Friedberger, had produced shock in the guinea-pig very like anaphylactic shock by the intravenous
injection of a liquid obtained by adding to fresh guinea pig serum, antigen +antibody
complexes such as sensitized red cells or specific precipitates; heated guinea-pig
serum was inactive in these conditions. Friedberger thought that alexine, on
absorption to the antigen antibody complex, decomposed the antigen to produce
a poison, anaphylatoxin. Bordet discovered that fresh guinea pig serum could be
activated in this way by a little viscous suspension of agar. Intravenous injection
of serum thus treated in fact induced anaphylactoid shock (Bordet, 1913a, b).
The agar seemed therefore to behave like antigen + antibody complexes, showing
like them, as Bordet (1924) thought, absorptive properties with respect to serum
constituents and alexine.
The outstanding contribution of Bordet to bacteriology was the discovery of the
organism of whooping-cough, first seen by Bordet in 1900 in sputum obtained from
one of his daughters, who had the disease. This small Gram-negative coccobacillus
was unable to grow on the usual media. Bordet & Gengou failed to find the organism
again until 1906 when Bordet collected sputum from his son, now stricken with
whooping-cough, during the early stages of the disease. In this specimen he found
the coccobacillus and succeeded in cultivating it on the Bordet-Gengou medium
which, with only minor modifications, is still used (Bordet & Gengou, 1906a, b ) .
Bordet & Gengou recognized that the bacillus was very common in the respiratory
passages in the early stages of the disease but later it became scarcer. They found
that 2-3 weeks after onset the sera of whooping-cough patients contained a specific
antibody to the whooping-cough bacillus. The bacillus was very toxic, containing an
endotoxin which even in very small doses produced widespread ecchymosis, pleural
effusion,dyspnoea and tissue necrosis at the site of inoculation. This endotoxin they
considered was responsible for the irritation of the respiratory mucous membrane
which initiates the fits of coughing (Bordet & Gengou, 1907, 1909). Bordet &
Gengou also prepared a phenolized vaccine which was used successfully as aprophylactic, notably in Denmark by Madsen. In 1910 Bordet & Sleeswijk recognized
in the whooping-coughbacillus the first example of antigenic variability in a microbial species. For initial isolation from an infected person, the organism required
blood for its growth; it could be ‘trained ’, however, to grow in nutrient agar, but
the organism trained to grow on nutrient agar differed antigenically from the original
isolate maintained in blood agar. The strain maintained in blood agar contained an
antigen easily agglutinable by the serum of a rabbit immunized with this strain, but
this antigen was lacking in the strain adapted to grow on nutrient agar alone. To
Bordet also (1909, 1910) is due the earliest description of the morphology of the
organism of bovine pleuropneumonia, and in collaboration with Fally that of the
organism of avian diphtheria (Bordet, 1907; Bordet & Fally, 1910).
Between 1901 and 1920 Bordet devoted much activity to another question which

+

8

J. BEUMER

greatly interested him, that of blood coagulation. The numerous papers which he
published, alone or with his colleagues Gengou and Delange, contain a wealth of
facts (Bordet, 1920). Bordet and Gengou first showed that not only whole blood
but also the plasma freed from cells coagulated on contact with wettable foreign
bodies; and that covering the internal surface of glass tubes with paraffin wax kept
the plasma liquid. The coagulation of plasma on contact with glass is due to the
ultimate formation of thrombin which requires the presence of calcium, and the
anticoagulant action of sodium oxalate is due to the binding of calcium as oxalate.
Once formed, thrombin added t o plasma in the presence of calcium not only brought
about coagulation but considerably accelerated the formation of new thrombin. The
latter possesses, according to Bordet & Gengou (1901a, 1903a, b, 1904a, b ) ability
to stimulate its own production. Bordet & Delange (1912a) showed that the
thrombin activity appears t o be the result of the combined action of two substances :
the first, which they named serozyme, was furnished by the liquid part of blood;
the second, named cytozyme, came from the cells of the blood, notably from platelets, and was also present in tissues. Cytozyme, which was soluble in ether, ethanol
and chloroform but was precipitable by acetone, behaved like a phospholipid
(Bordet & Delange, 1912b, 1913). Serozyme, probably of a protein nature, did not
exist as such in circulating blood or in oxalated plasma but in the state of proserozyme, which was incapable of uniting with cytozyme. It was contact with the
wettable walls of a test-tube which, in the presence of calcium, brought about the
transformation of pro-serozyme to serozyme, a reaction accelerated by cytozyme.
The latter had the property of uniting with serozyme to form thrombin which
coagulated fibrinogen. The latter played in coagulation a passive role since thrombin
could be produced in its absence, as Bordet (1919) showed by depriving oxalated
plasma of its fibrinogen by saturation with sodium chloride and showing that on
contact with a foreign body serozyme appeared in this plasma, and that this
serozyme was capable of uniting with cytozyrne, thus producing thrombin.
From 1920 on Bordet took a lively interest in bacteriophage which Twort and
d’Herelle had just discovered. With Jaumain, Bordet noted that lysis of bacteria
by bacteriophage required not only that the bacteria should be living but that
nutrients should be available; lysis was not produced in physiological saline (Bordet
& Ciuca, 1921 c). In certain bacterial species sensitivity to phage was dependent on
the antigenic make-up, the S form being very sensitive and the R form resistant to
the same phage (Bordet, 1922). He discovered that some phages lysed in the presence
of oxalate, whereas others were inactive under these conditions (Bordet, 1926),
and that these latter phages required considerable quantities of calcium for lysis,
different for different phages (Bordet & Bordet, 1941). Bordet & Ciuca (1921a)
discovered that bacteriophage was antigenic. Bordet was particularly concerned
with the problem of lysogeny. In particular he showed the essential difference
between lysogenic bacteria and bacteria contaminated with phage which could
develop after lysis of a sensitive strain of bacterium. Contaminated bacteria were
easily freed from phage by isolation procedures, but true lysogenic bacteria preserved their lysogeny indefinitely (Bordet & Ciuca, 1921b; Bordet, 1925). Bordet
also noted that certain phages made some bacterial strains definitely lysogenic ;
this is, lysogenization (Bordet, 1925). It was in Bordet’s laboratory that McKinley
(1925) noted that the lysogenic power persisted in lysogenized bacteria in the
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presence of phage antiserum ; the lysogenic character was therefore perpetuated in
the absence of free phage. Moreover, J. Bordet & P. Bordet (1946) recognized that
if the addition of sodium oxalate to the culture medium prevented the propagation
of the phage from a lysogenized bacterium on a sensitive bacterium, it did not,
however, prevent the liberation of this phage by the lysogenized bacterium.
Bordet saw clearly that it was the lysogenic power which was transmitted by the
lysogenized bacterium to its descendants and not the phage itself. Bordet &
Renaux (1928) explained this as follows: ‘. . .in the case of the Lisbon organism
each individual microbe washed completely free from culture medium and carefully
separated from its congeners kept within itself the ability to cause lysis of the Shiga
bacillus; that is to say, could furnish descendants having this lysogenic power and
which moreover developed quite normally without showing lysis ’.
CONCLUSION

The work of Jules Bordet shows clearly the essential character of his scientific
thought. Basically there was a wide and profound curiosity which drove him to
research through a need not only to know, but to understand. This curiosity, fed
by wide learning, was fruitful because it was never satisfied by a superficial answer
to a question, but demanded detailed understanding of the data and a solution
which was complete, logical and clearly demonstrated. His mind presented to him
in unambiguous terms the problem to be solved and separated the contingent factors
from the essential and really basic ones. Without apparent effort, by a kind of
instinct, the intellectual interrogation became concrete in experimental form. The
experimental scheme was always simple and precise, however profound and subtle ;
Bordet shaped the experiments in the form of an unavoidable dilemma, chosen with
such logic that a clear answer must result. It is perhaps this mastery in the design
of experiment which most deserves admiration.
Bordet was a very exact observer; as his imagination was lively in the selection
of subjects for experiment, leading to daring associations of ideas, so his mind was
quick, methodical and prudent in the observation of fact. He always insisted on the
capital importance of proper experimental controls designed to leave no room for
doubt, never risking a conclusion that was susceptible of ambiguous interpretation
because a different possibility might have been neglected. He considered that when
an experimental fact had been correctly observed under adequate conditions, and
when all possibilities of error had been removed, thanks to a judicious use of controls,
it remained for the research worker to play a rigorous game against himself in which
he had to try to refute his own discovery, and to admit it at last, only when it could
no longer be denied. A striking example of this rigour and prudence is given by the
following story, which concerns the spirochete of syphilis described by Schaudinn
in 1905. In October/November 1902, Bordet & Gengou examined a syphilitic
chancre and discovered a spirillum in the specimen. Bordet wrote about this
discovery in a letter (28 April 1905) addressed to Metchnikoff which is now preserved
in the archives of the Academy of Sciences of Moscow. In an article entitled
‘A propos de la dhcouverte du trepon6me piile’ which appeared in the Revue
medicde de BruEeZZes (1961, 17, 333) S. Zylbersac published the text of this letter
of which he had obtained a photograph thanks to the Secretary of the Academy of
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Sciences, Professor Fedoseef. It is from the text published in this article that we
extract the passages cited here.
In particular Bordet said :
‘In the deeper layers of a chancre. .we have found (having studied the preparation for a long time) a spirillum hardly more coloured than the background, of such
extraordinary fineness that if one were not warned, one could examine preparations
for a long time without discovering it.’ Further on: ‘Naturally we felt very excited
after having seen this, but in spite of very close examination our later work has
been negative. ’. ‘We have however discovered spirilla which appear to be identical
in a sore of the mucous membrane of the throat, but even a non-syphilitic throat
contains spirilla often so similar that we have not dared to attribute any value to
our results.’ Because of this unreproducibility of results and inability to be certain
Bordet & Gengou refrained from publishing their observations, As said in the
letter to Metchnikoff ‘We have been discouraged and we have not concluded that
the spirillum has anything to do with syphilis, for it is certain that one can only
see it when it is abundant, but we have not judged either that our single positive
result ought to be taken too seriously.’
Bordet showed the same prudence and intellectual honesty in the interpretation
of experimental results, never exceeding what the facts showed and hazarding an
explanation only as a working hypothesis for future experiments. But if he did not
let the facts say too much, he drew from them, however, everything that a penetrating and ranging mind could deduce. The sure intuition with which he perceived
the really new and fruitful idea in the observed facts was only equalled by the ease
with which he passed from the experimental fact to its significance and the law
which it illustrated,
Exceptional in his scientific gifts, Jules Bordet was attractive also by other
aspects of his rich personality, He was a writer of high order, using the French
language with a rare elegance and precision. His Trait4 de l’irnmunitt duns les
maladies infectieuses is not only an assemblage of the fundamental bases of immunology but also a classic of scientific writing. The limpidity and elegance of his
style, his ability to express in common words the most difficult scientific problems
and the colourfulness of his comparisons led to his often being asked to write general
reviews or articles for high-level popularization; these are models of their kind.
In his public discourses the elevation and vigour of his thinking would have
sufficedto capture his audience, but his remarkable oratorical talent contributed
yet more to the dissemination of his thoughts. His teaching at the Faculty of
Medicine of the University of Brussels will never be forgotten by anyone who had
the privilege of attending his clear vivid lectures, delivered with such infectious
enthusiasm.
He trained his students by example, by daily contact in the laboratory, by
conversationswithout formality during which, by his advice or criticism,he indicated
a method of work and a rigorous scientific discipline without crushing the personalities of his colleagues. He left them in complete liberty, not imposing upon them
any esprit d’e‘cole in the strict sense of the term, but generously according them the
most precious gifts which he could make: sincere appreciation of their value,
enlightened advice about their work, and severe but constructive criticism of their
efforts.
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The man himself was as attractive as the research worker and teacher. His
equanimity, his spontaneity, the simplicity and charm of his welcome made human
contacts extremely easy. He mixed with this a sincere interest in his fellow men; his
relations with the staff of the Institut Pasteur of Brussels, from his immediate
colleagues to the most junior of his technicians, were marked by a friendliness and
reciprocal confidence which developed in an almost family way. But this interest in
the person extended to an interest in all mankind. Jules Bordet had very high
ideals about the mission of the research worker, more especially of biologists. He
never lost sight of the good that men can draw from the discoveries of learned men
and the possibilities which are offered to the latter to play a role in the struggle
against misery, suffering and disease. This is what he expressed at Paris in 1930 in
his address as President of the First International Congress of Microbiology when
he said:
‘Assuredly every scientific discovery gives lively satisfaction about the difficulties
overcome, but no joy can compare with that which the bacteriologist experiences
when he thinks that profound unhappiness or cruel suffering will be mitigated,
that much mourning will be avoided, that a country where innumerable lives were
sacrificed will soon show itself to be hospitable; in a word that inestimable benefits
will spread through the world because one day someone in a laboratory did an
experiment which penetrated some mystery of etiology or mode of transmission of
some noxious microbe, revealed a diagnostic test or suggested a more successful
prophylactic or therapeutic measure.’
Bordet did not see in science only a tool which men could use in order to understand nature, to dominate it and to use it for his own purposes; he placed science
at the centre of philosophy and ethics. Interested in all the problems with which
man is faced, Bordet was much preoccupied with the philosophical, moral and social
roles of science. Convinced of the excellence of scientific method, he earnestly
wished that men should use it to solve the moral, political or social problems which
face them. He published in 1945 a little work entitled BrBves considhations sur Ze
mode de gouvernement, la liberte’ et l’e’ducation morale. I extract from it two passages
characteristic of the high conception which Bordet had of science and which may
serve as the conclusion to this article.
‘It is indispensable that agreement should be reached about the basic precepts
of a universal ethic which should be acceptable by all men of good will, whatever
their philosophical or religious convictions. One thinks in this context of science,
for it is universal.’
‘What has given birth to science and sustains it in its eternal task is a pure
idealism, this burning and disinterested desire to know, the infinitely precious
privilege which human nature possesses, and which explains and justifies the
primacy of our species. But this is integrated with science, which sets the example
and is its living witness. Science can embrace in its religion of truth all the aspirations of men of good will, it can unite them in its wish to serve civilization. Scientific
culture, provided that it does not limit itself to the knowledge of techniques and
that it reaches towards general ideas, develops in the mind qualities of equilibrium,
comprehension and impartiality, which make it understandable how useful and
wise it is to unite science and ethics so that they may inspire each other.’
J. BEUMER
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