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IMMUNITY IN PLAGUE INFECTION

Results of 30 Years of Work with the
"PasteureZla peatis EV" Strain

(Girard et Robic)

by

G. Girard

Honorary Chief of Service,
Pasteur Institute

Former Director of the Pasteur Institute of
Madagascar (1922-1940)

Biologie Medicate (Medical Biology),
Paris, Vol. 52, No. 6, pp 631-731 (1963).

INTRODUCTION

The third plague pandemia -- that of modern history --

which began in China in 1894 with the reawakening of the an-
cestral focus of the disease in Yunnan, and then spread by
maritime routes in the five continents, is now on its decline.
The 400 to 800 cases of Plague per year occurring in the world
during the past five years are really insignificant compared
with the hundreds of thousands of victims who have contracted
this disease annually in British India alone between 1895 and
1930. This regression, which has assumed massive proportions
especially during the last ten years, is due mainly to the ap-
plication of a rational prophylaxis based on the fundamental
discoveries of two French disciples of Pasteur: Yersin and
Simond. In July 1894 Yersin isolated the causative agent in
man and in the rat, and four years later Simond demonstrated
its mode of transmission by the flea. However, certain
natural conditions also played a role in bringing about this
new situation which ought to make us adopt a more modest at-
titude; in ancient times these natural conditions were col-
lectively referred to as the "epidemic spirit," and today we
are still totally in the dark as to the nature of these con-
ditions, as we also are regarding the processes which govern
the genesis and evolution of the cyclic -- sometimes secular --

manifestations of the great epidemic plagues, interrupted for
long periods of time by an apparent silence, while their
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C viruses* persist in certain animal species when they are ex-
terior to man. This is the case of the zoonoses which include
plague, whose perennial virus is maintained by rodents and
their fleas. It is only by the whims of nature that we can ex-
plain the immunity which Europe enjoyed between the last two
plagues which destroyed one quarter -- some say one half -- of
its population in the 7th century (Justinian's plague) and then
in the 14th century (black plague), at a time when a truly ef-
fective prophylaxis was unknown.

After Yersin's discovery and in view of the rapid
spreading of plague, great hopes were attached, very prema-
turely, to preventive vaccination. The latter was employed
everywhere, with more or less beneficial results, the vaccines
being composed of suspensions of germs killed in various ways
which we shall not discuss at this point. However, their
practical value soon became a subject for debate, and while
there was no reason to deny that these vaccines were effective
to some extent, the populations who were obliged to undergo
vaccinations nevertheless were aware of the lack of success.
We have discussed this problem in 1936 [18], when we treated
the difficulties and possibilities of the immunization of man
against plague, the information obtained from animal experi-
ments, and the interpretation of the vaccination results as a
function of the epidemiological factors, and concluded that it
was necessary to strengthen the experimental control of the. vaccines designed for human protection. Our observations made
at Madagascar, and those of L. Otten gathered at Java, led us
to recommend, and substitute for the vaccines then in use, a
live vaccine (a virus-vaccine, in the Pasteurian sense of the
term) designated by the symbol EV**. For the past 30 years
this strain of PasteurelZa pestie has been the object of in-
vestigations in many French and foreign laboratories. Until
about 1940, the major and immediate objective of these studies
was the immunization of the populations living in an endemo-
epidemic environment, particularly in Madagascar. During and
after the World War, in the light of I owledge acquired on the
antigenic composition of the pathogenic bacteria which only
incidentally touched upon Yersin's bacillus, this microorganism
has become the object of a series of investigations in the US,
in Great Britain and in the Soviet Union, investigations which
include the study of the EV strain. The latter is now well
known and its study has contributed to the clarification of
certain aspects of antiplague immunity. However, this study is
scattered through many publications, and we have considered it

*This term is used in the broad sense, comprising all
agents of the infectious diseases.

**The first two letters of the name of the child possess-
ing the bubo from which the strain was isolated in 1926.
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expedient to collect all that is known about this strain into a
single synlthetic work in which, as we go on, we shall express
our opinion on debatable material in the most objective manner
possible.

Consequently, this ar1icie will be divided into two
parts: the first will relate to the discovery of the EV virus-
vaccine, to the basic experiments which have demonstrated its
innocuous nature and its protective effect in the animal, and
its applications to human vaccination; the second part will
treat the processes taking part in the immunity to plague in
correlation with the antigenic structure of its etiological
agents and, by extension, that of the EV strain.

To conclude, we shall report on a curious finding,
unique in microbiology until now, even though it has no con-
nection with immunology: the production by the EV strain, and
by this strain alone, of crystallomorphic concretions whose
meaning is completely unknown to us.
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Part I.

THE EV VIRUS-VACCINE AND ITS APPLICATIONS

How We Were Led to Recommend the Use of a Live Vaccine
Against Plague in Madagascar

Two observed facts -- one of an epidemiological
aad local nature, and the other, experimental -- have oriented
us *nward this new approach.

1. Having made contact, i-i Tananarive in February 1922,
with piague which had manifested itself here for the first
time six months earlier, and which had encountered a set of
conditions which were propitious -or its implantation and
spreading in the whole Plateau region [39], we followed the
course of this advance from year to year; the disease spread

* despite the laudable efforts made by the administrative and
public-health authorities to extend vaccination to all the in-
habitants of the infected districts. In truth, the only pro-
phylaxis which had limited the extension of foci of infection
was that which was applied against the virus reservoir -- rats
and fleas -- but from which nothing could be expected outside
certain relatively large centers. It was sufficient to pene-
trate into one of the innumerable h~mlets scattered over the
Malagasy countryside to realize that the inhabitants lived
there under conditions which could not have been too far from
those of our own peasants at the time of the pandemia of the
Middle Ages. The problem of human plague -- let us not for-
get -- is essentially a problem of dwellings. Hence, only an
efficacious vaccination offered the hope of reducing the mor-
bidity which continued to assume disquieting proportions, with
a high mortality rate due, for the most part, to episodes of
pneumonic plague combined with the classical bubonic forms,
episodes which, through direct interpersonal contagion, some-
times led to the disappearance of entire families*.

*It is only since the advent of certain funcal anti-
biotics (especially streptomycin) that, since 1947, primary
pneumonic p1ague, which up to then had been irr~mediably fatal,
has become easily curable, as have all the otht forms of
plague.
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3 2. Experiments repeatedly carried out between 1922 and
1926 in an attempt to confer an appreciable immunity on sensi-
tive rodents revealed that while th' rat and the mouse benefited
from a certain degree of protection when treated with killed
vaccines, vaccination constantly failed in the case of the
guinea pig, regardless of the type of vaccine employed. This
contrast did not cease to intrigue us. Moreover, the control
ttpc nf thpe v;rcceins tended, above all, to prove their
sterility and their innocuousness: to our knowltdge nc tert
had ever been required before to prove the effectiveness of
these vaccines in the animal. If we refer to the study of
Dujardin-Beaumetz [31] published in 1912 when millions of
vaccinations had already been performed, we read that "the
control inoculations carried out in the laboratory are always
more severe than under the natural conditions of contagion.
Moreover, the experimental animals such as monkeys, rats, mice
and eapecially guinea pigs (our italics) exhibit an extreme
sensitivity to the plague virus, and one cannot count on these
data to determine the time when the vaccinated human is pro-
tected from aeplague attack." The least that one can infer
from the opinion expressed by our esteemed teacher who has
often confirmed this to us later on, is that antiplague vacin-
nation, which was begun with the speed of lightning especially
in India with the use of Haffkine's lymph, had not been based
on solid experimental foundations. However, its effectivenessg was indicated by statistics relating to millions of vaccinated
subjects, and this alone was sufficient for recommending its
use and for insisting on the necessity of imposing it.

Fig. 1. Public-Health Team About to Remove the Body of a

Victim of Pulmonary Plague at Madagascar (Photo: Pasteur In-
stitute, Tananarive).
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(P At Tananarive we maintained, by regular subculture, the

strains of plague virus which we isolated from man or from the
rat, all of which were, originally, highly virulent for the
guinea pig. After certain periods of time ranging from a few
months to 2-3 years, several of these strains were found to be
highly attenuated in their pathogenic power: the guinea pig
survived after reacting solely by an inflammatory lesion at the
inoculation site, sometimes accompanied by a satellite aden-
opathy, which was over in about 20 days with or without sup-
puration, apparently without the general state of health of the
animal having been affected. If during the following two

* months we suojecto' Ltheso guinea pigs to R sever^ virulent tes',
they supported it without damage. After killing these animals
a few weeks later we found neither an adenopathy nor a macro-
scopic visceral lesion in them, and the inoculations did not
reveal the presence of any PaateurelZa peetie in the tissues.
Hence, it was possible by means of a germ of weakened virulence
to confer a high degree of immunity on the guinea pig; this
was a fact duly established in 1926. Since then our objective
has been to find a strain which would meet the requirements of
an eventual immunization of man, namely, innocuousness nad
efficacy. Six years elapsed before this objective was attained.

Experimental Research and Data Obtained (1926-1932)

Parallel to the attenuation of the pathogenic power of
the plague bacillus by serial subculture in nutritive agar, we
attempted to speed up this attenuation by several procedures:
culture in broth treated with beef bile, alcohol, extracts of
organs of refractory animals such as the tanrec (Centstee
eoaudatua), a Malagasy insectivorous animals, whose natural and
total immunity to experimental plague we have proved earlier
[38a], or filtrates of pyocyanic bacilli known for having been
successfully employed by certain authors on other pathogenic
microorganisms. In fact, these expedients were abandoned in
view of the findings that by comparison the best and most con-
sistent results were obtained by means of simple monthly sub-
cultures at laboratory temperature (about 20*).

Having available, in this manner, several strains which
exhibited a protective effect in the guinea pig, the task now
was to find out whether this immunity was not merely a firm
but also a durable immunity. The animal experiments with
killed vaccines had not been sufficiently conclusive to enable
us to obtain any reliable references from the pertinent litera-
ture. As for the vaccination of man, it was assumed that an
immunization by means of two injections given one week apart
did not prolong the effect of these injections beyond 5-6
months, and that revaccinations were recommended for persons
exposed to a permanent risk of infection.

* 6



Our -tudies, spread over long months, convinced us that
while all strains of P. pestie which have achieved a certain
degree of attenuation were endowed with a high protective power
when the guinea pigs were tested 2-3 weeks after the inocula-
tion, nevertheless the various strains exhibited considerable
variations with respect to the duration of the immunity con-
ferred in this manner.

Note. Let us describe, once for all, the nature of the
virulence test to which our guinea pigs were always subjected
during the control of the value of a live vaccine: this is in-
dispensable in order to avoid errors in the interpretation of
what we have denoted in this article, for the sake of conveni-
ence, ab Lut..' 1... ty (TI), p~rti~l immunil; kI) and absence
of immunity (AI).

The skin of the flank of the guinea pig is depilated,
shaved and slightly excoriated on an area of 5 to 6 cm 2 . The
spleen of a mouse which has died of septicemic plague is ground
with fine sterile sand and suspended in 10 ml of physiological
saline solution; the skin surface in question is rubbed for
several seconds %ith a wad of hydrophilic cotton dipped into the
suspension. This technique is based on the 60-year-old pro-
cedure of Albrecht and Ghon, which has been used for the post
mortem tracking Oown of plague which we have put into practice
in Madagascar in 1922 [40].

The severity of such a test is undeniable, because a
O mouse spleen affected by plague contains several billions of

very virulent germs (41]. Hence, we cannot say how many lethal
doses this test corresponds to, but it corresponds to at least
several thousand such doses* because on decimal dilution of the
parent suspension employed, the guinea pig or mouse is still
killed as a result of acute plague when a 10-7 dilution is cu-
taneously administered [42]. Without claiming that our animals
have always received 10 million lethal doses, we are in a posi-
tion to state that the severity of the test was by far greater
than that of a natural infection. Hence, when we state that in
the vaccinated guinea pigs the immunity has weakened or disap-
peared after time "t " this is to be understood in terms of the
test defined above. This does not necessarily imply that the
animals are deprived of any protection compared with the in-
oculation of a few lethal doses into control animals; we have
neglected to consider this point because in practice we have
used, as the basis for the control of the value of a live
vaccine, the resistance to a test whose severity left no room
for any doubt and because, under these conditions, we had
grounds to assume that the efficacy of a vaccine in man would
be in direct proportion to that of a vaccine administered to
the guinea pig which was said to be refractory to all immuni-
zation by means of the usual vaccines.

Hence, for us, TI (total immunity) attests that the
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C surviving animal has exhibited only an insignificant local re-
action without modification of its habitual physiological be-
havior; PI (partial immunity) applies to the animal which sur-
vives* after showing a strong reaction in the form of an in-
flammatory lesion with adenopathy -- which may or may not be
abscessed -- regressing in 3-4 weeks, the general state of
health of the animal being affected during the first 6 to 10
days; AI (absence or disappearance of immunity) implies the
death of the animal within a period of time and with symptoms
that are comparobla to those of the control guinea pigs.

On the basis of these data, our attention was retained
particularly by one of the attenuated strains, strain EV,
isolated in 1926 from a human bubo, which after five years of
subculture on nutritive agar possessed the properties which
we expected of a virus-vaccine to a maximum extent. It is on
this sole strain that all our investigations were subsequently
carried out, which made it possible for us to perform a large
number of experiments on many animals which could be observed,
if necessary, for as long as two years. Our collaborator
J. Robic was thereafter associated with this study, and made a
major contribution in the area of the application of vaccina-
tion to human immunization.

Characteristics of the EV Strain

5Until 1934 we refrained from mentioning our researches
outside the annual reports of the Pasteur Tnstitute of Tanan-
arive, whose publication, in a limited number of copies,
started only in 1931". Let us quote the essential passages
which appeared in the 1933 report relating to the EV strain:
1) The strain is avirulent for the guinea pig (41S animals)
when inoculated subcutaneously, even when the dose is as largo
as a whole agar culture tube. The rabbit, as well as the sheep
and the calf, support large doses of this strain when applied
intravenously. Doses of several billions of germs applied
intraperitoneally in rabbits and guinea pigs are fatal to about
20-30 percent of the animals in 2-3 days; the animals die of

"Subject to a pulmonary complication which sometimes
causes the death of the guinea pig after 10 or 20 days, and
whose belated appearance is no less a proof of the persistence
of a certain degree of immunity.

-We shall return to this fact later in this paper, be-
cause of the theoretical interest of this observation.

*In 1937 this publication became the Arohiveo de
Z'Inetitut Pasteur do 2ananarive (Archives of the Pasteur In-
stitute of Tananarive), later de Madagasoar (of Madagascar),
brought out in the form of an annual brochure in which the
various aspects of the work relating to plague carried out on
the large island were discussed in a long chapter.

(Mg
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peritonitis with septicemia. The peritoneal liquid may then be
found to be virulent while the germ obtained by hemoculture is
not. Hence, the EV strain Lannot be considered Rs AttPntjwted
and fixed, but only weakened in its virulence (in the 3ense
given to this term by M. Nicolle), since it is possible to res-
titute a part of its virulence by an experimental device.

2) This strain remains toxic, and probably owes its im-
munizing power to thi persistence of this characteristic. White
mice and rats whese sensitivity to the plague toxin is known
(the guinea pig resists this toxin much better) support only
weak doses of this strain, but we were never able to demon-
strate the existence of the inoculated germ when we implanted
their ground viscera into other rats or mice.

3) The immunity conferred on the guinea pig by a single
inoculatio., (1 ml of suspension of a culture of an agar tube
in 20 ml of physiological saline) is still apparent after nine
months. After this time, and for certain animals after one
year, the virulent test leads to the development of a carbuncle
with adenopathy, lesions which heal within four weeks without
any sequels. The immunity is also manifest vis-a-vis the in-
fection transmitted in the natural manner, i.e., after being
bitten by a plague-carrying flea (Xenopeytta cheopie) emerging
from a dying rat. Two guinea pigs, one of which had been
vaccinated three months before, were placed into contact with
this flea. Only the control animal died of acute plague after
six days; the vaccinated animal, sacrificed 20 days later, ex-
hibited no lesion. In 1932 we reported that the immunity which
was already apparent on the fifth day became total eight days
after the vaccinations.

4) All controls -- 87 in all -- of our experiments died
of septicemic plague, without exception, betwee;, che fourth and
seventh day.

5) The best way of introducing the vaccine is the sub-
cutaneous route, but solid immunities have also been obtained
by the cutaneous route (scarifications), by the oral route,
and by the ocular route (instillations).

6) The vaccine is more effective when it is used im-
mediately after its preparation. After 15 days a decrease in
its activity i; noted.

7) One-hundred-and-twenty-eight vaccinated and non-
tested guinea pigs, sacrificed at intervals of six days to 13
months, exhibited no plague lesion. By hemoculture, by im-
plantation of the homogenates of organs in the peritoneua or
under the skin of guinea pigs or mice, we have never recovered
a live bacillus. Hence, the EV virus-vaccine is incapable of
creating bacillus carriers. Identical observations were made
in the case of vaccinated and subsequently tested guinea pigs
(42 animals) which were sacrificed 20 days to 10 months after
the virulent inoculation.

0
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8) It is possible to protect the guinea pig against
pneumonic plague of the primary type produced by the direct 4n-
troduction of virulent bacilli into the trachea by a subcu-
taneous inoculation of virus-vaccine EV.

9) 'train EV is inoffensive for man when administered
in the form of a subcutaneous injection in doses of 500 milliorn
to ine b 'lion germs. We ourselves have supported these doses
without Ja-iage on twý. occasions, and J. Robic on three occa-

sions. These doses ..y ; ,arently be increased without danger
if we can judg- by the experiment carried out on himself by our
colleague ý. r crade (who subsequently rendered the most valu-
able assistance in the organization and execution of the vaccini-
ation programs): exhibiting an audacious confidence in the
vaccine -- we would never have allowed him to undertake this
test if he had consulted us about it before -- he inoculated
himseli with four billion EV bacilli; he developed a high I
fever for 48 hours and a local tumefaction which regressed in
25 days, without the least apparent ganglionic reaction and
without his general state of health being affected.

10) The first human vaccinations were carried out 15
months ago. [The article quoted from was published in 1933.]
The developments during this year permit us to state that they
are absolutely innocuous; we believe that the immunity con-
ferred ', the EV virus-vaccine is superior to that provided by
the isual vaccines.

0 First Applications to Human Vaccination

The responsibility for the first inoculations of the EV
virus-vaccine in humans was assumed by our friend Robic who
took it upon h.mself to carry them out without informing us

"during one of our stays in France. We have only recently, in a
communication to the Society of Exotic Pathology [43], lifted
the veil which had shrouded the circumstances, previously known
only to a few initiated persons, which had caused our collabor-
ator to undertake these experiments which we would never have
permitted him to c;'•ry out, in our absence. Five lepers, kept
under strict surveillance, were inoculated in August 1932 with
250 million germs each: the local and general reactions were
insignificant. Four months later, seven other lepers rezeived
an identical dose at the same time that Robic carried out the
test on himself; there was no incident. In January 1933 it

10



was the turn of 90 other lepers* and three service assistants
who offered themselves as volunteers. Finally, 1600 vaccina-
tions were performed between January and March 1933 in an in-
fected environment, after authorization given by Governor-
General Leon Cay!a and by the Director of Public-Health Ser-
vices, whc had been confidentially informed about the situation
in certain villages where plague was raging intensely and
where, although there was a risk in employing a live vaccine,
this risk was not to be considered any more serious than the
danger which threatened the inhabitants of this sector. These
inhabitants, thrown into a panic by a mlurine epizootic,
abandoned their dwellings and tried to find refuge in hastily
erected huts. Moreover, only volunteers were injected, but
there were many volunteers and scme had to be refused. Whether
or not this was a coincidence, the result of these 1600 vaccin-
ations was very encouraging: while plague continued to rage in
-illages adjacent to the sector in which the experiment was
being carried out, there was only a single case of bubonic
plague in the vaccinated sector, in one of the vaccinated chil-
dren who, moreover, was cured without treatment despite the
fact that the germ isolated from him was highly virulent for
the guinea pig.

Five months passed during which all persons were
checked. Nothing abnormal was found in them and, in particu-
lar, there was not a single case of pneumonic plague, while( t 'ere were several such cases among the non-vaccinated subjects.
We shall see later on why we stress this absence of pneumonic
plague in persons iho were only insufficiently protected by
vaccination.

The objective aimed at by Robic in this undertaking
favored by a combination of circumstances was, above all, to
confirm the innocuousness of the new vac ine.

During our stay in Paris, we were able to carry out, at
the Pasteur Institute, under the supervision of our teacher

a *The lepers 'were chosen by Robic because of the ease
with which they could be supervised in an establishment isolated
from all population centers where the highest degree of pri-
vacy was ensured and which, moreover, was situated in a sector
devoic of plague. However, as the years went by, it became ap-
parent that the lepers had acquired, in the advanced stage of
the disease, an appreciable immunity against plague. Their re-
action to the EV virus-vaccine could only be banal and less
pronounced than that of normal individuals. See in this con-
nection: G. Girard, "Behavior of Leprous Rats (Stefansky's
Disease) Toward Experimental Plague Infection," C. R. Soo. Biol.
(Proceedings of the Biological Society), 1951, Vol. 145, 1627-
1630, and G. Girard "Are Lepers Refractory to Plague?" Bu?.
Aoad. Nat. Med. (Bulletin of the National Academy of Medicine.
1952, Vol. 136, 80-83.



CE. Dujardin-Beaumetz, experiments s~milar to those which we had
performed in Tananarive on the guinea pig; the results of
these tests were in line with what we had expected.

The secret of the operations carried out by Robic in
Madagascar could not be kept any longer. We addressed a con-
fidential note to M. Roux describing the state of our studies
and the institution of the practical measures to which these
studies had led, without omitting the gravity of the situation
created by plague in the large island. We knew in effect that
M. Roux, a great friend and confidant of Yersin, had followed
the latter's work with unflagging attention ever since his
memorable discovery, and was well aware of the prospects of a
vaccination with attenuated live bacilli which were. opened up
by his collaborator's tests. We have never failed to stress
that Yersin, assisted by Carr6, was the first person to have
carried out experiments in this direction, and even inoculated
himself, without great damage, with an attenuated plague
bacillus which was still lethal to 20-30 percent of the rats,
but which firmly immunized those which survived this vaccina-
tion [151]. By contrast, the monkey supported this virus-
vaccine without incident; this vaccine protected it just as
solidly as it protected the rat, and since the behavior of the
monkey was, for Yersin, closer to that of man than the be-
havior of the rat, he deduced from this fact that man was
capable of benefiting from this mode of immunization. However,

* Yersin took care to conclude his communication with the follow-
ing recommendation, which we kept in mind from the very begin-
ning and which was to guide our behavior: "It is always a
serious matter to inoculate man with a bacillus which, even if
it is somewhat attenuated, may cause accidents in certain
cases. Lhnce, this method should be applied only with the
greatest care, by surrounding oneself with all the necessary
guarantees." Seventy years before Yersin's discovery, five out
of the six persons who had been inoculated, in Egypt, with pus
taken from buboes, with a view to vaccination, died [74].

Thus, we had the right to wonder whether M. Roux had not
been inculcated by his friend with some of this precaution,
which would then make it necessary for us to abandon the under-
taking which was begun without his knowing about it. It is on
his and only his opinion that the continuation or interruption
of the vaccination in Madagascar with the EV virus-vaccine
would depend.

"The documents* which you have communicated to me seem

*The photocopy of this letter (an extract from which is
given above) remained unpublished until 1959; it is contained
in our communication to the Societe de Path. Exot. [43: The
original has been sent to the Pasteur Museum, where it is pre-
served.

12
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'to justify the tests which you have undertaken in Madagascar.
By continuing to carry out your studies under your present
conditions, you and your collaborator will know promptly what
the potentials of the EV strain are as an antiplague vaccine.
It would be useful to collect the greatest possible number of

virulent plague bacilli of various origin, to maintain them by
subculture and to seek out among these strains -- after they
have lost their virulence -- those which constitute good anti-
gens."

M. Roux's letter which arrived on the eve of our de-
parture from Marseille, and from which we cite these lines, dis-
pelled our qualms; it led us to deliberately extend the ap-
plication of the new vaccine, in view of the fact that at that
time no other preventive method could be counted on.

Thirteen thousand new vaccinations were carried out be-
tween September 1933 and January 1934 in three sectors which
were still in the throes of an epidemic; the documents col-
lected afterwards all agree in that the vaccination was of in-
contestable value. We allowed the six months of the southern
winter to pass, since that period is characterized by an annual
regression of plague as well as by the recrudescence of lung
diseases among the Malagasy; our aim was to gather a great
deal of evidence on the innocuousness of the virus-vaccine. In
June 1934 in a communication to the Academy of Medicine we gave
an overall summary of our experimental studies and their first

(a. applications [44].
During the 1934-35 epidemic "season," i.e., from Sep-

tember to March, the project involved the district of Ambato-
lampy, where 46,000 of the 106,000 inhabitants were vaccinated.
The operations carried out under our direction with the assist-
ance of Drs. Estrade and Milliau, who maintained the most

-rigorous organization, execution and control possible in the
midst of this population scattered over more than 1000 hamlets,
definiteiy confirmed the value of the EV virus-vaccine. A
systematic plague detection was carried out, regardless of the

a cause of death claimed; organ smears and samples of pulmonary
and hepatic serosities were taken in the case of all bodies
for inoculation into the guinea pig. The plague mortality was
reduced by two thirds in the case of the vaccinated group com-
pared with the controls, and the general mortality, by almost
50 percent. Furthermore, not a single case of pneumonic plague
was recorded among the vaccinated persons, whereas there were
17 such cases among the controls. We particularly stress the
fact that a general mortality rate -- excluding deaths from
plague -- that was equal or higher in the vaccinated subjects
than in the controls would have cast doabt on the innocuous-
ness of the vaccine. In the report prepared after this vaccin-
ation program, whose essential data were published [4S, 461,
we wrote, notably, the following:

0 13



i l"Some cases of plague cannot be confirmed bacteriolog-
ically after death by the microscopic examination of the smear,
the culture or the inoculation: the reason may be that the
samples were incorrectly taken, the buboes were unrecognized
and the body was in the process of putrefaction -- gaps which
are especially frequent in the brush, independently of the
frauds which one must always think of in a native environment.
The official figure given for the number of plague cases re-
corded in the infected sectors of the Emyrne does not in itself
take into account the bell-shaped curve of the general mor-
tality rate during the epiK'emic period: this has been the case
for years."

The administrative authorities were struck by this de-
crease in the overall number of deaths in the group of vaccin-
ated persons, but the Malagasy themselves were no less sur-
prised. It is partly to this latter fact that we attribute
their subsequent favorable acceptance of the new vaccine.

The Massive Vaccination Programs.
Their Results.

The Pasteur Institute of Tananarive was organized in
1935 in order to be in a position to manufacture vaccine for
the immunization of the populations exposed to the infection
which slowly gained a foothold over the entire Plateux region,
where more than 1,500,000 persons were living. Provisions --
which we shall not go into -- were made in order that the
operations could be carried out rapidly, and they were always
strictly controlled by a trusted personnel. We shall limit
ourselves to recalling that the annual vaccination campaigns
(which comprised several revaccinations, since we know that in
animals the immunity fades out after about ten months) were
begun at the start of the epidemic season, i.e., in September,
and terminated during the next two months. No vaccination was
carried out outside this period.

In Table I the "epidemic year" extends from 1 May to
30 April; the other two columns list the number of inoculations
with the vaccine and the number of plague cases, respectively.

Epidemic Year EV Vaccinations Plague Morbidity

1933-1934 12,000 3,493
1934-193S 46,000 3,605935 714,244 3,033

i 1936-1937 633,000 1,376
1937-1938 796,956 596
1938-1939 400,000 628
1939-1940 176,718 912
1940-1941 813,000 449
1941-1942 621,000 18S
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) The diagram, whose component elemerts purposely ter-
minated in 1942, shows the correlation between the vaccinations
and the drop in plague morbidity.

Later in this paper we shall discuss the evolution of the
situation between 1942 and 1959.

Comments. Interpretation of the Results

No matter how suggestive the sharp decline in the plague
curve in Madagascar may appear between 1936 •nd 1942, can we
attribute it solely to the new vaccine? By themselves the
figures speak eloquently, but comparable r'esult• can lie found
if we examine certain statistics pu')lished in India and else-
where during this pandemia, which ias not prevented certain
individuals from endlessly advocating the value of vaccination
and others from expressing a harsh criticism of vaccination;
the latter were persons who underwent vaccination because they
were required to do so, and who only noticed its lack of suc-
cess. In fact, these statistics were always drawn up on
dubious foundations, as was mentioned by Otten who, indepen-
dently of us, developed a virus-vaccine in Java and carried out
massive vaccinations with incontestable success. We shall re-
turn to Otten's work when we compare the characteristics of the
Javanese strain (Tjiwidej) with those of the Malagasy EV strain.
However, this author deserves much credit for having shown by

' means of an experiment which is irreproachable both with regard
to its conception and its execution and which was carried out
on 35,000 persons, that his live vaccine was superior tc the
killed vaccine -- Haffkine's lymph -- which he had received
from the Bombay Institute or which he had prepared himself.
Otten felt that one cannot correctly interpret a comparison
between vaccinated and control groups unless the operations had
been carried out according to the so-called alternate method
which implies the immunization of one half of the inhabitants
of each dwelling. In this way one obtains comparable controls,
because all persons are exposed to the same risk of contamina-
tion (107]. On the basis of this fact he was able to establish
that if the killed vaccine reduced the number of plague cases
by SO percent compared with the cases occurring in the controls,
this reduction would attain 80 percent with the virus-vaccine.
This experiment which preceded the collective vaccinations in
Java is, to our knowledge, the only one which has ever been
carried out. Such an undertaking requires, in effect, a set of
favorable conditions including the assistance or at least an
absence of reticence on the part of the populations on which
the experiment is carried out. This undertaking would have
been impossible under this "experimental" aspect at Madagascar
where the measures of antiplague prophylaxis, and especially
vaccination, had for ten years been fighting an increasingly
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O uphill battle; they were considered by the natives as a form
of i.arassment because, apparently, that had not stopped the
spreading of plague, the number of whose victims grew from year
to year. Howe' 1er, the analogies between the observations made
at Java and at Madagascar only affirmed the encouraging im-
pressions which we have derived from the "pilot" immunization
campaign carried out in the Ambatolampy sector in 1934-1935.

* Behavior of plague in Madagascar
following the annual vaccination
campaigns with the EV vaccine carried
out from Nov. 1935 to Dec. 1943.

Fig. 2. Monthly Number of Plague Cases as a Function of the
Seasonal Epidemic Cycle, i.e., from 1 May to 30 April of

,he Following Year.
a -- cases. b -- campaign. c -- vaccination.

The first mass vaccination (1935-1936) was off to a
rather belated start, at a time when the situation was so bad
that the figure of 3,605 cases of the previous year was about
to be exceeded. Nevertheless, this figure was reduced by 600.
Hence, as ue mentioned above, it was decided to become organ-
ized in order that the following campaigns could be carried out
between September and November, and so that we would be ready
to intervene at any moment in limited sectors in order to erad-
icate foci of a particularly severe character. We have re-
ported with Robic [47] that on many occasions we have had proof
of the immediately effectiveness of the vaccination, in that
the evolution of an epidemic of bubonic plague was clearly ar-
rested. From this document let us cite only the following two
significant episodes.

1. In a village of 74 inhabitants where seven fatal
cases of bubonic plague resulting from a murine epizootic had
just occurred, we found a built-up area that had been com-
pletely evacuated on the day before our arriial. The inhabi-
tants took refuge in straw huts hastily erected on an adjacent
hill. With the exception of six contacts left for observation
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4) at the quarantine station, all persons were vaccinated. Ten
"days after this vaccination we advised all inhabitants to return
to their cabins which had not been disinfected nor had Vie rats
been killed: the village was left exactly as it had been at
the time of its evacuation. Only a single case of plague was
observed among the six isolated, non-vaccinated persons; after-
ward not a single case was reported in the village. Now, on
the basis of what we know of the role played by the murine
fleas (A. cheopsis) moving freely in the dust of cabins where
human plague manifests itself after the death of the rats, it is
unlikely that the contamination of one of the six non-vaccin-
-ated persons was due to an accident, while the 61 vaccinated
persons who ran the same risks were spared.

The village of Mahatsinjo is irregularly visited by
plague. In March 1937, six cases of bubonic nlagup were nb-
served in a hotei frequented by the Malagasy. After a one-year
interval (April 1938) the infection broke out again in an es-
tablishment very close to the preceding one; in a single week
the owner of the hotel, his wife, his grandson and a neighbor
died of bubonic plague. In the presence of one of us the con-
taminated houses were closed after the most thorough disinfec-
tion possible; the operation was completed by careful sweeping
and by the incineration of the mats as well as of the dust col-
lected during the sweeping, since we had reason to believe that
this dust contained infectious fleas. We then vaccinated the

O population living nearby, a total of 196 persons. The houses
were re-opened after 15 days. Numerous persons entered the
rooms in which the hotelkeeper's furniture was distributed.
The next week three cases of plague were reported; they oc-
curred in the only three non-vaccinated personb whc took part
in this liquidation. Does not this episode have the value of
an experiment and does it not demonstrate the ineffectiveness
of disinfection measures applied at that time to the native
cabins, as well as the reality of the protection conferred by
the EV virus-vaccine?

Nevertheless, it did not escape us that certain fortunate
coincidences governed by the secret workings of the "epidemic
spirit" could be adduced -- and there was no lack of such con-
jectures, even on our own part -- in order to find an explana-
tion for this strong regression of human plague in Madagascar,
in this way reducing the importance of the new vaccination
[48]. In numerous countries plague had been in a state of
marked decline for many years without our being able to at-
tribute this decline -- except in the case of the Dutch East
Indies -- to the application of an original method of vaccinal
prophylaxis. To solve this question we made use of supple-
mentary evidence collected during the years 1939 and 1940 and
published two years later [49]. First of all, it should be
kept in mind that, in the central region of Madagascar, plague
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made its first appearance only in 1921, much later than in
trc countries of Africa and Asia, to which we have referred
above. Then, the epidemiological conditions, unchanged for 15
years, differed considerably from those of the other endemic
territories such as Morocco, for example, in connection with
which Remlinger wrote [119]: "When plague strikes a new
country, it has a marked tendency to carry out its up and down
cycle in 3 or 4 fears; hence, the decline in the mortality
rite from 90 percent in 1909 to 20 percent in 1912 seems to
herald its end in the near future," However, in Madagascar
the situation was quite different, and we had to rely on the
evidence that plague was constantly spreading, without abandon-
ing any of its initial foci, between 1921 and 1936, the year
in which the general vaccination with the EV virus-vaccine
i'-a begun. final>', by contrast to what had been observed in
India after the severe epidemics of the beginning of the cen-
tury when the marked resistance of the rat to plague infection
was considered in certain sectors as an important factor in the
arrest of the epidemics, the receptivity of the domestic rat
(R. r. alexandrinus) to the infection remained very high: in
1932 it was 85 percent, and during an experiment carried out in
1940 with four batches of S0 animals each it was 90 percent.
Moreover, it is on the basis of observations of this type and
also of others relating to the behavior of the virus reservoir
that we have stressed how much the epidemiology of plague, as
well as its physiognomy, may vary from one territory to the
other, and even more so in various sectors o! the same terri-
tory (which is the case of Maoagascar) because of the predomin-
ant effect of climatic facturs on the virus reservoir, the lat-
ter being represented primarily by the pestiferous fleas. How-
ever, quite apart from any theoretical discussions, the facts
are there to bear out our belief in the value of vaccination
from the point of view of the incidence of human plague during
this period of 1937-1942. The sustained effort during three
years of intensive immunization campaigns led us to limit the
application of the vaccine in 1938-1939 to the most highly in-
fected districts; with 400,000 vaccinations or re-vaccinations,
the number of cases of plague remained essentially at the level
of the preceding year, 628 vs. 596, For 1939-1940, the program
still included the execution of 400,000 vaccinations but the
perturbations due to the mobilization prevented the complete
realization of this plan. The plague curve exhibited a peak
with 912 cases, compared with 628 in the previous year. Hence,
in 1940-1941 we resumed massive vaccinations: 813,000 persons
were then vaccinated or re-vaccinated, and the plague morbidity
again exhibited a decline: 450 cases compared with 912.

Finally, our point of view would be significantly
strengthened if we took into consideration the special situation
of the urban center of Tananarive during these five years.
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Fig. 3. Gathering of Malagasy ffor a Session off Antiplague
Vaccination in the Brush. (Photo: Pasteur Institute,

Tananarive).

Oil the regression of the plague had obeyed a natr'ral law, then

the center which was first affected by the epidemic should have
been the first to manifest a regression. In addition, the
-public-health organizati,3n had been gradually perfected in this
city of 100,000 persons wher6 the post-mortem detection of the
disease was systematically carried out, where the isolation of
persons and the prevention of contacts was rigorously enforced,
and where a service of deratization, disinfection and disinfests-i
tion was in operation with a specialized personnel. In the
rural sectors -- as we have stated above -- these methods of

Scausal prophylaxis were, for various reasons, more or less inef-
fective. Hence, in agreement with the directorate of the pub-
lic-health services, we believed that we could Suspend the vac-
cinatioZ-• 'Zi Tananarive for at least one year after the two
campaigns of 1937 and 1938, The morbidity dropped to such a low
fi!ure in the city (19 cases) that we were inclined to believe
that plague would disappear frow. the capital. Actually this was
not the case at all. In 1938-1939 there were S4 cases, in 193ý-
1940. 70 cases, and in 1940-41, 97 cases when there were still
two months left before the end of the epidemic year. These fig-
ures are significant because they represent isolated cases and
not manifestations of pne•umonic plague which is spread exclu-
sively by interperson~l c:ontact, manifestations which sometimes
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Sweigh heavily on the statistics but which do not, from the
epidemiological point of view, have the importance of cases of
bubonic plague which attest the persistence of an aggressive
virus reservoir. However, when it was announced that we would
resume the vaccinations at the end of 1939, the population of
Tananarive showed no inclination whatever to submit to them,
and the few thousand inoculations which were carried out could
not notably influence the physiognomy of human plague in this
large urban center. By contrast, in tOe rural areas the vaccin-
ations were carried out actively and successfully; for the
first time there were fewer victims in the rural districts than
in the capital, considering the relative population figures.
Does not this comparison give an additional proof of the effi-
cacy of the virus-vaccine and the reduced importance of the
heavy sacrifices made in the attempt to eradicate the virus
reservoir in the urban sector at a time when this control was
not yet based on a rational disinfcjtation by modern methods?
In all objectivity -- as we wrote jointly with Robic (47I --
both epidemiology and clinical medicine came to our support
in challenging the assumption of a spontanecus regression of
plague which, in 1937, showed itself just as aggressive and
lethal as in the preceding years, if we take into account the
morbidity rates in non-vaccinated persons. Furthermore, in the
cantons where practically all inhabitants -- 92-9S percent --
were vaccinated, the results were clways impressive: they were

* less so where the number of vaccinated persons was less than
7S percent. There is not a single plague focus that had not
been eradicated by vaccination alone, in the absence of any
other measure.

* To sum up, the EV virus-vaccine, which has never failed
to give evidence of its great effectiveness in the laboratory,
clearly demonstrated its immunizing effect after three intensive
"vaccination campaigns which involved a population of slightly
more than one million persons, 800,000 of whom were vaccinated
and many re-vaccinated. The plague morbidity was reduced by
80 percent. We could report that the vaccination by a live
vaccine remained the fundamental element of the struggle against
plague, the only one on which we could rely to ensure the pro-
tection of the rural populations of Madagascar, as long as it
was impossible to effect radical changes in the conditions of
native dwelling [49].

Evolution of the Situation (1942-1954)
and the Vaccinations

After returning to trance in 1940, we continued our re-
search at the Pasteur Institute, while remaining in close con-
tact with cir colleagues in Tananarive. The person who now be-
calve responsible for the vaccination program was our successor
J, Robic until December 1953 (except for 1947-1949 when
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R. Favarel was in charge), and J. Courdurier and E. R. Brygoo
since 1953.

After 1939 it was expedient to limit the operations t(,

the most intcnsely threatened sectors. As is shown in Table I,
the drop in the number of vaccinations to 176,718 in 1939-1940
unfortunately coincided with a marked increase in morbidity.

The directorate of the Public-Health Services asked that the
vaccination bo steFped up again: for them this seemed to be the

sole effective method of prevention. The results confirmed this

impression because with 813,000 and then with 621,000 inocula-

tions, the number of cases of plague dropped from 912 to 449,

and then to 1851.
From then on the plague was controlled, and although the

vaccinations have never been completely interrupted and remain

indispensable under certain circumstances, we believe that it

would be erroneous to overestimate their importance in the

evolution of the epidemic situation shown in Table II.

Table II

Epidemic Year EV Vaccinations Plague Morbidity

1942-1943 417,000 241
1943-1944 360,315 185
1944-1945 93,000 199

1945-1946 164,000 197
1946-1947 63,531 312
1947-1948 415,000 278
1948-1949 400,000 158
1949-1950 12,000 109
1950-1951 0 241
1951-1952 80,000 157
1953-1954 438,000 97
1954-1955 53b,146 14
1955-1956 799,907 25
1956-1957 881,158 38
1957-1958 756,126 62
1958-1959 83,000 2S

a 1959-1960 0 23
1960-1961 0 20

*Vaccination was always carried out between 1940 and
195S (J. Robic) in all European or native military personnel,
who were subiected -- as everywhere in the armed services -- to
a strict medical surveillance. There was not a single case re-

ported among them since 1940, despite the operations which in
942, and then between 1946 and 1947 during the repression of

the rebellion, led large contingents to move to and be rattioned
in rural zones known to be endemo-epidemic foci.
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In effect it is necessary to take into consideration
certain new facts which may be attributed to the perturbations
caused by the hostilities in 1942 and especially to the 1947
rebellion whose sequels have entailed great population move-
ments within and outside the infected regions. Should we con-
sider these movements to be the reason for the development of
plague foci in sectors which up to then -- and perhaps because
of the absence of reliable data -- had been considered free from
the germ? Whatever the case may be, the 1948 and 1949 reports
underline this new epidemiological factor, in relationship to
murine irnfection, and the vaccinal prophylaxis involved several
thousand inhabitants dispersed in these distant cantons. How-
ever, for three years after '949 intensive domestic disinfesta-
tion campaigns were carried out by means of DDT, which were
undertaken in the principal centers both for the eradication
of malaria and of plague, with brilliant result. Mercier and
Razafindrakoto who had directed this campaign in the district
of Tananarive-vilie were able to write in 1953 [102]: "As for
plague, while cases occurred at an accelerated rate since 1921,
and while the city was never free from the disease for more
than three consecutive months, we have not had a single case
between 10 August 1949 and 1 June 1952, a perio- of 34 months."
And they added: "For one year the pulicidal index remained
ac about 0.15 per rat (15 fleas ptr 100 rats captured, instead
of the previous average of 6 to 8 per rat). The cheopis index
is around 0.04 (formerly it -vas always greater than 1, and most
often 1.5 per rat), and the percentage of X. cheopsi8 oscillates
between 20 and 34 percent (previously it was between 50 and 70
percent of the total number of fleas captured)."

Now, during this period, not a single vaccination was
performed in Tananarive, and it would be contrary to all evi-
dence if we failed to attribute the absence of human and murine
plague during these three months in the Malagasy capital to this
systematic disinfestatien. However, at the same time, the num-
ber of plague cases had more than doubled in the rural sectors,
and ont could wonder whether this was not due to the interrup-
tion of vaccinations. The Malagasy, especially, expressed this
view openly, and I heard from Robic that certain persons went
as far as to state Chat the reason fur the interruption was that
the EV sx.rair had disappeared or at least lost its nrotective
effects. Trusting this vaccine whose benefits they could ap-
preciate for years on the basis of their own observations (be-
cause, better than we, they were able to make useful compari-
sons in their environment between the behavior of those per-
sons who had been vaccinated and those who had not), this zep-
resented a psychological factor which the responsible authori-
ties could not neglect, especially since a slight increase of
the incidence of plague in 1952 made it necessary to resume the
vaccinations. From 1954 to 1958., the number of vaccinations
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carried out was quite high, resembling that of the first cam-
paigns. Was there a proportional effect on plague morbidity?
To be sure, the vaccination has reinforced the immunity of
those who allowed themselves to be revaccinated, but the risks
which these persons ran did not have a common denominator with
those who had lived 15 years before. If we examined the fig-
ures, a brief analysis of the latter would reveal certain par-
adoxes for the period of 1955-1958. Nevertheless, in this ir-
regularity of the morbidity which was without apparent relation-
ship to the intensity of the vaccinal prophylaxis, one fact pre-
dominates: 5in.-e 1953 the number of plague cases has, for the
first time since 1921, dropped below 100, and is still below
that figure.

However, there is another reason which has caused the
Directorate of the Public-Health Services to resume vaccina-
tion, a reason communicated to us by (ir colleagues in Tanan-
arive, and which is expressly mentioned in their 1958 report
as follows: "One may be tempted to conclude that a regular de-
cline of the plague has taken place, and tl~at this disease is
on the way toward extinction in Madagascax. This would be an
erroneous and dangerous conclusion. Plague is still present,
and is as active as before, but we are now witnessing an arti-
ficial regression of the number of cases due to the disobedi-
ence (whether or not intentional) of the prescriptions decreed
for plague detection. Of the 194 examinations requested at the
Central Plague Service in 1958, 185, or 93.3 percent, came from
the province of Tananar~ve. Jn particular, we have not re-
ceived a single sample from the provinces of Fianarantsoa and
Tamatave where well-known endemic zones nevertheless exist. It
is impossible to assume that in these regions not a single case
of death had occurred in 1958 under conditions which would
have called for an investigation of the deceased. Only one
conclusion can be drawn: we do not have, at the present time,
reliable data from any part of the country other than the prov-
ince of Tananarive. This is the only province that is regularly

* checked. It is to be hoped that the artificial calm which has
obtained as a result of the neglect of the regtulations will not
be broken by a rude awakening; it was not long ago that the
efficacy of these regulations was confirmed."

How wise is this reflection of our colleagues, and how
many examples we could cite, together with Robic, of the disas-
trous consequences which have resulted in the past from the non-
observance of the urgent prescriptions relating to the system-
atic plague detection in Madagascar [50]. Without this measure,
which was never accepted without reluctance on the part of the
Malagasy people [51], we would have remained completely in the
dark regarding the actual incidence of human plague, and we
would have seen the manifestations of epidemic pneumonic plague
increase in number, which has in fact happened on several

23

S

_ _ _ _ _ -U -- -



occasions, attributable to a pulmonary complication in a pa-
tient with unrecognized bubonic plague. The last episode of

~ this nature was reported to us by Brygoo and Gonon: this is
a recent report because it dates from October 1957 [11]. It
happened in a rather inaccessible region of the northeastern
part of the island where no cases of plague had previously been
reportedl in a few days it had caused the death of 36 persons.
Since the alert was sounded only aft'.r a great delay, our col-
leagues still found six persons with plague at the site; they
were ýtured with streptomycin. The origin of these 42 cases of
pneumonic plague was a sick person who had arrived from a vil-
lage situated in a region which had been known as an eccentric
focus of bubonic plague only since 1955.

These considerations, which at first sight seem to go
beyond the scope of our topic, nevertheless belong there, be-
cause they show one of the aipects peculiar to plague in Mada-
gascar since 1921, an aspect which we have treated at length
elsewhere (52]. While plague is generally in a state of de-
cline throughout the world, it continues to exist in Madagascar,
and vigilance is still necessary in view of the threat of these
manifestations of pneumonic plague, as we have just related; it
will be necessary to be on the alert until the complete eradica-
tion of the virus reservoir, which can only be expected from
nature, at least in the rural regions. The preceding example
also proves that the virus has lost none of its aggressivity.
As for the fluctuations exhibited by the statistics during the
last six years, they are insignificant, and in the future they
will be greatly subordinated to the incidence of pneumonic
plague which is spread exclusively through interpersonal con-
tagion; in the absence of adequate epidemiological indications
it will be this incidence on which, in the final analysis, the
distribution of vaccination in depth will depend.

Pneumonic Plague and Vaccination

When we speak of antiplague vaccination, we always mean
bubonic plague. It has always been assumed that vaccines failid
to protect man against primary pneumonic plague having an epi-
demic tendency, whose pathogenesis differs considerably from
that of the bubonic form, and in whose case individual protect-
ive measures (wearing of a mask and goggles) were sufficient to
prevent contagion. It is not paradoxical to maintain that it is
easier to escape pneumonic plague than bubonic plague, pro-
vided that it is detected before the focus has had time to de-
velop and that one has been able to isolate the first victim or
victims. Today, the preventive administration of sulfonamides
for a few days to all persons in contact with a patient with
pneumonic plague has given ample proof of the efficacy of this
measure. If we add that the patients treated in time with
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fungal antibiotics (streptomycin in particular) get well in a
few days, it will be agreed that epidemic pneumonic plague can
no longer provoke in a developed country the panic which it had
caused during the Middle Ages, and which took place, in more
recent times, in Manchuria in 1911 where 50,000 victims per-
ished in three months. It is under this aspect, which perhaps
is less impressive due to the low population density, but
which is identical in its process, that we have made our
acquaintance with this fearful form of infection in the central
region of Madagascar, and were able to show that this was in-
timately linked with the bubonic form, a pulmonary complication
of which would give rise to the first case of primary pneu-
mopathy responsible for an epidemic spread by interpersonal con-
tact [523. In view of this situation which is inherent in the
nature of the climate characterizing this part of the terri-
tory, not only did we have to ask ourselves whether the EV

virus-vaccine would afford protection against preumonic plague,
but also whether it would not contribe to its spreading!

Ever since 1899, experiments (Batzaroff, Vassal) have
revealed that guinea pigs and rats which received vaccine or
antiplague serum for protection purposes in a dose which was
insufficient to make them completely refractory to the dis-
ease, belatedly died when subjected to a virulence test, due to
secondary bronchial pneumonia, with the presence of an enormous
quantity of plague bacilli in the lungs and only a few germs in
the liver and the spleen, contrary to what is observed in bu-
bonic plagut with its terminal septicemic phase. In other
words, this secondary pneumopathy is readily produced if the
animal's organism exhibits a certain resistance to the invading

S microbe. In his vaccination tests with live germs carried out
in Java, Otten also mentions the death of incompletely pro-
tected guinea pigs as a sequel of secondary pneumonia. We have
confirmed this finding in every re;pect in laboratory rodents,
notably in guinea pigs which had been vaccinated many months
previously, and whose immunity had faded. A few years ago we
were able to see, on autopsy of two mice which had died under
these conditions, how this process takes place; we noted an
adenitis in the process of absorption on the paw where the viru-
lent inoculation had been apnlied three weeks earlier; a
lymphatico-sanguine cord on the same side, ending in the armpit
where a new bubo was developing; then, through anatomic con-
nection, invasion of the lung co~ered with lesions of the
pseudotuberculous type. in which the specific bacillus abounded;
th6 latter was very rare in the spleen and the liver, which
were apparently normal.

In truth, the practice of vaccination and serotherapy,
which has been carried out since 1895 on millions of individuals
has nowhere allowed making such observations, and the question
never even arose in the case of man, as it had in the case of
animals, as to the development of pulmonary complications during
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attacks of bubonic plague whose evolution would be prolonged by
means of a partial vaccinal immunization. It will be agreed
that the circumstances have hardly lent themselves to such ob-
servations in countries such as India where pneumonic plague
has always been exceptional in its epidemic manifestations.
This was not the case in Madagascar, and if man responded like
the animal, we would have risked the development, in the case
of incomplete protection -- vaccination by the EV virus-
vaccine, too, had its failures -- of this complication which
has such fearful epidemiological consequences. This problem
was all the more serious since the substitution of a live
vaccine for a killed vaccine would not have failed to raise
the question of the possible increase of the virulence of the
inoculated virus-vaccine, which is the cause of these pulmonary
manifestations. We have waited ten years before answering
this question in the nejative in an article from which we quote
the following passage [53]: "The caution with which Robic and
ourself have carried out the first vaccinations between 1932
and 1934 was in part justified by the scruples resulting from
our experimental findings in a country where the conditions
were so favorable to the spreading of pneumonic plague. As we
were limited to carrying out the vaccination in an epidemic en-
vironment, an increase of the number of cases of pneumonic
plague, even if due to accidental factors, would certainly have
interfered with the progress of the new vaccination." Luckily
there was no such increase; moreover, we were able to state
later that, contrary to Otten's opinion, the EV vaccine was not
ineffective in providing protection against pneumonic plague;C the latter author, considering that his live "Tjiwidej" vaccine
does not provide immunization against this form of plague, only
included bubonic plague in his statistics, and deliberately set
the pulmonary cases apart*, whereas in Madagascar they were in-
cluded in our overall statistics on plague morbidity and mor-
tality. Thus, if we refer to the tables of the above-mentioned
articles, we note that the number of pulmonary forms has de-

* creased between 1933 and 1941 under the influence of the EV
vaccination, parallel to and in the same proportions as the
total number of plague cases. The percentage of pulmonary cases
compared with all patients with plague has remained at an av-
erage figure of 30 percent (maximum 32 percent, minimum 26 per-
cent). As for the percentage of cases of pneumonic plague among
vaccinated persons (to the extent that one may believe the
statements made by certain carriers of vaccination cards), it

*While the manifestations of pneumonic plague were not
as widespread in Java as in Madagascar, they were not excep-
tional in J~va where some of the climatic conditions at a high
altitude are similar to those cf the high plateaux of Madagas-
car.
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corresponds to this same figure of 30 percenr.. After the execu-
tion of four million inoculations, this question was definitely
settled. A lesson was learned from these campaigns: first of

ij all that there is a striking contrast :)etween man and rodents
from the point of view of the modifications brought about by
the vaccination or sero-prophylaxis, :espectively, in the evolu-
tion of the infection when the protection is only partial and,
second, that while animal experimentation is an indispensable
part of our study and offers many data, it is no substitute for
human experimentation, when the maximum guarantee of safety is
assured, to use the expression of Charles Nicolle: it is huban
experimentation alone that enabl(s us tv make judgments and
draw conclusions.

We mentioned at the beginiing of this article that it
was possible for us to immunize guinea pigF against primary
pneumopathy provoked by the introdu.,tir, of virulent bacilli
directly into the trachea. Ro&ic's :xperiments on macacoes,
lemurs which are native to the Mplugasy fauna (which does not
include any monkeys) a:ad whiich are very sensitive to experi-
mental plague, have shown that this animal -- like the guinea
pig -- was protected by the EV virus-vaccine not only against
the bubonic plague but also -- at least in the case of two
specimens Lemur mongoz .,d an EpiZemur -- against a pneumonic
plague which is easily determined by the deposition, on the
surface of the na~al mucoza, of a nuaterial that is virulent and
quickly fatal for the controls [1211. It is in viev of these
facts that we are inclin..ed not to subscribe to Otten's opinion
regarding the icpossibility of conferring some degree of pro-O tection in man against pneumonic plague.

Antiplague Serum and EV Strain

Shortly after the start of vaccinations, it seemed indi-
cated to employ the 'V virus-vaccine in the preparation of the
antiplague serum which, at that time, and until the advent of
the sulfonamides, was the sole medication available for bubonic
plague. After a few experiments carried out on rabbits inocu-
lated intravenously, Robic proceeded to the iyperimmunization
of a horse at the Pasteur Institute in Paris. The preventive
and curative value of this serum was confirmed in the mouse and
the guinea pig. After that, the horses producing serum were
prepared exclusively by intravenous inoculation of suspensions
of EV virus-vaccine at increasing doses. The collected serum
was found to be greatly superior in the treatment of bubonic
plague to that of horses which had been treated with killed
antigens, the latter having been substituted in several sero-
therapeutic institutes to live and virulent antigens due to the
danger presented by their handling to both man and horse. There
has always been a major waste in the case of horses hyperimmun-
ited against plague, not because this animal is receptive to the
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infection, but because of the immediate protein shock -- often

a mortal one -- caused in the horse by the intravenous inocula-
(. tion of antigen. Now, we can see that the sudden death of a

horse which has just received billions of virulent plague
bacilli in its circulatory system raises an important problem
of safety to the knacker who deals with the animal's hide. We
know, on the other hand, that the serum obtained after the sub-
cutaneous introduction of live or killed plague antigens has
only a mediocre therapeutic value.

In the USSR, Korobkhova [86] uses the EV strain as well
as other avirulent strains in the rabbit and sheep, administer-
ing it in the form of an intravenous inoculation and obtains
a serum provided with a high protective power in the mouse.

However, for the last IS years, serotherapy has been
r'legated to the background and practically abandoned in view
of the high effectiveness of antibiotic therapy. Nevertheless,
the serum remains indicated as a substance to be combined with
chemical -- essentially antibiotic -- therapy in certain hyper-
toxic forms of plague, as has been pointed out by R. Devignat
(personal communication which we have greatly valued) and as
we ourselves have seen in Madagascar [54].

For the experiments, for the obtainment of sera having a
high agglutinating and precipitating power, and for studies re-
lating to the active constituents of antiplague serum, the EV
virus-vaccine represents an ideal antigenic material.

First Experimental Studies Carried Out
Abroad on the EV Strain

C Without exceeding the scope of the first part of this

paper, we shall summarize the studies which have been carried
out abroad between 1935 and 1940 in the direction which we have
followed for the study of the experimental protective power of
the EV virus-vaccine.

Our initial publications, as well as those of Otten,
a aroused great interest abroad, and we were asked by the direc-

tor% of several government laboratories to provide them with the
EV strain.

Otten, at the Pasteur Institute of Bandung (Java), con-
firmed the high immunizing power of this strain in the guinea
pig, a power that is superior to that of his "Tijwidej" strain
[107]. At Johannesburg, after recognizing the effectiveness of
the EV virus-vaccine in the rat, Pirie and Grasset substituted
this antigen for the killed cultures for the hyperimmunization
of horses from which the serum was to be prepared [112]. At
Buenos Aires, an important study by Anchezar, carried out under
the direction of Sordelli [3], and another by the same author
and Savino [131], completely confirmed our conclusions on the
immunizing value of the live EV vaccine, and on the role of the
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vaccinal reactions in the guinea pig in the genesis of this im-
munity, reactions to which we shall return later on.

Vincke and Janssens [145] reported that in doses of
1-2 billion germs the EV virus-vaccine confers immunity on
97 percent of guinea pigs against the inoculation of a standard
lethal dose of a highly virulent microorganism such as the
plague strains isolated in the Lake Albert focus; a killed
vaccine (Haffkine's lymph) protects onl, 12 percent of the
guinea pigs subjected to this test. They concluded from their
experiments that the advantage of the vaccination by live or-
ganisms appeared to justify its use in man, inasmuch as several
thousand inoculations have been carried out since 1938 without
any adverse effect.

In pprsonal communications, our colleagues at the Pasteur
Institute of Dakar informed us of the results of their investi-
gation. These results were satisfactory in the tests carried
out in 1933 by Advier on monkeys and guinea pigs, mediocre or
zero in tests carried out by Maurice Mathis, and again favorable
in the experiments of Arquie who was provided with a new sub-
culture.

In South America, relative or absolute failures were ob-
tained in Lima and Santiago with cultures prepared from the same
sample which had given the above-mentioned successful results
in Buenos Aires (oral communication from Dr. Suarez to Robic).
We then had a feeling that modifications which are a priori un-
predictable are capable of intervening in the behavior of the
strain, and one of our major concerns was to determine, by re-
peated controls, the causes of this degradation of the antigenicO value and to find means for remedying it, which will lead us to
a detailed definition of the characteristics of the EV strain
and by extension of those of other strains of P. pestia designed
for use as virus-vaccines. Although this problem presents itself
to everyone responsible for the manufacture of all live vaccines,
as far as our vaccine is concerned this problem was to be of
very great interest, as we shall see in a special chapter which
will be devoted to it.

The study of the EV strain was carried out most thor-
oughly in the USSR; it had been started in 1936 by Korobkhova,
and was the starting point of a series of articles in which
several researchers participated. These papers were collected
in 1956 in a monograph which, at the present time, represents a
valuable reference work on antiplague vaccination by live germs
[87]. First of all Korcbkhova, Bessonova and Tumanski confirmed
the innocuousness of strain EV, its high protective power com-
pared with that conferred by killed vaccines and other strains
devoid of virulence. They, like ourselves, recognized that the
strain possesses a certain degree of virulence which is not in-
creased after inoculation in a guinea pig, but which accounts
for its immunizing power, as indicated by the mode of reaction
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of the animal. However, these researchers soon oriented their
studies toward immunization against pneumonic plague, because
they were aware of the fact that the usual vaccines are power-
less to provide protection against this disease. They also
knew the extent to which Manchuria, Mongolia and the Transbaikal
area had been afflicted with pneumonic plague during the pre-
vious 50 years and how it still threatens the regions con-
tiguous with the endemic focus of Central Asia from where the
epidemics originate. In 1939, Korobkhova and Krainova [88] re-
ported that they can produce in the guinea pig a primary
pneumonic plague in 100 percent of the animals through inhala-
tion ot very virulent plague bacilli administered in the form
of aerosols which are capable of penetrating all the way into
the lungs; the guinea pigs treated in this manner died within
3 to 5 days as a result of specific pulmonary lesions. As for
their immunization tests, we can do no better than to quote
verbatim the summary given by these authors in French:

a) "The guinea pigs are protected in an absolute man-
ner against primary pneumonic plague with the EV vaccine ad-
ministered by subcutaneous inoculation, nasal instillation or
through combination of these two modes of vaccination."

b) "After a single injection of a thick EV vaccinal
emulsion all guinea pigs are protected against primary pneumon-
ic plague produced by inhalation. The guinea pigs immunized by
subcutaneous inoculation, followed (three days later) by a
nasal instillation, are better protected than those which re-
ceive three nasal instillations."

c) "The duration of the conferred immunity is a func-
C• tion of the antigenic properties of the vaccine and of the

method of vaccination."
These results support those which we have discussed in

our 1933 report (referred to above) and in our subsequent pub-
lications (38).

The EV Virus-Vaccine in Man Outside Madagascara

In the Union of South Africa. Grasset immunized all
trool ; from that country which were destined to become part of
the expeditionary force in Madagascar between 1941 and 1944.
This contingent was composed of a total of 1212 persons, in-
cluding 401 Europeans, 615 blacks and 196 Euroafricans. In the
meanwhile our colleague has studied several locally isolated
strains of P. peetis and one of them -- strain K/120 -- which
was considered avirulent, was found to be highly protective for
the guinea pig and the rat. He employed this strain for the
vaccination of about 40,000 persons during several epiaemic
manifestations which broke out in South Africa, the Basutoland
and South-West Africa. As in the case of the EV vaccine, the
immunization required only a single inoculation with I billion
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germs. The rraýtions wtre_ mild, aind the v.cý ination w,.s readily
aczepted. The epidemiological and ixmuniviogical analysis of 15
cases of plague which occurred in the vaccrinated group, takingS)into considera,ýion the "-,te ýL immu:,ization, the date of the

in:.ectious c:ortact and the (v lutti..:i of the disease, made the
author conclude that the pro*.,ction is already apparent after
five days and is fully attained on the tenth day [76].

The reason why we believe it nPcessary to report these
:ests carried out with a strain different from ours is that
they were inspired by t1-os- carried out in Miadagascar in which
our late lamented friend and colleague Grasset was greatly -n-
terested, and who has called the attention of H. Pirie, chief
ef the Plague Service at the J .hannesburg Biological Institute,
to these tests. In addition, his work represerts an importait
contribution to the antiplague vaccination of humans by means
of a live vaccine.

In the foimer Belgian Congo nearly S00,000 vaccinations
were carried out with the Z; virus-vaccine between 1939 and
1946 in the Lake Albert plague focus, which has been so well
investigated by van Riel, Mol, "nd especially our frie-d Devig-
nat [120, 26]. It %as a systematic detection zof marine plague
during rat-killing operations that had called for the vaccina-
tion, in order to prevent tPe apiearance of human plague. In a
table which sums up tLe results of this undertaking, we can see
that out of 132 cases of plague authenticated between 1940 and
1946, 16 were recorded in vaccinated persons between 3 and 6
months after the vaccination, and 116 in no'n-vaccinated per-
sons, the latter having become infected when ther%! was no in-
dication of the presence of murine plague which called for pre-

S liminary immunization. Devignat ,'oncluded that in "a native
environment, vaccination by means of the virus-vaccine of
Girard and Robic represents the most effective measure against
plague." Fain et al. have continued to prepare the vaccine
in the antiplague laboiatory of Biukwa and to use it in the
scctors where plague cases had been reported [331. However,
after the events which marked the accession of this territory
to independence, we do not know whether there still is a plague
control service in existence in the Congo. Nevertheless, dur-
ing 1962, a South American physician accredited by tha WHO
began the preparation of the EV vaccine at the P steur Insti-
tute, before proceeding to Katanga.

In the USSR it did not appear, according to '-orobkhova's
work [87], that the epidemiological circumstances in any -ay
called for the execution of mass vaccinations. In this re-
spect the Russian authors were limited to the experimental
studies. Nevertheless, an article bv Osolinker [1061 mentions
that S08.008 vaccinations had been carried out with the EV
vaccine in the Guriev region between 1943 and 1953.

Note. In a curious propaganda booklet written in French
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and designed for A mass readership [22] we were surprlsed to
read about the many p-ecautie:s which had been taken during the
performance of the first inocilations of the iirus-va:cine in
man, Five pages are devoted to this subject (pp. 239-244), Let
us quote the beginning of this section: "In April 1939 Moscow
'inally gave permission to carry out a trial. It was decided
to inoculate the 'EV' culture to three scientific co-workers:
[orobkhova, Berlin and Tumanski, because during the last few
year% they )ad studied .he properties of this strain more than
anyone else. Doctor YachrL injected 250 million EV microber
to each of the three doctors. The experimenters were isolated
from the rest of the peopie; they were accommodated in the
small building of the isolator (sic) Nobody entered this room
except by wearing a mask 3nd spccis. -lothes. If 'EV' should
recover its olo properties, it must not happen that the plague
leaves the isolator. Hundreds of persons were concerned with
the experimenters' fate, but those in the box were calm.....1"
And we then come to the conclusion: "When the quarantine had
ended, the co-workirs of the Institute tiiumphantly received
tite doctors who have tested the action of the 'EV' culture on
themselves. Everyone believe4 that it %As his euty to shake
their hand, to tell th.m something nice, to give evidence of
their concern."

About thie romanticised sto:y, the writing of which is
certainly foreign to our Russi&n colleagues, the least that
can be said is that the inoculation of a live plague bacillus
into man was convidtrc-4 to be a serious matter. Moreover, after
Yersin's remarks, Robic and myself did not think it otherwise.
However, in 1939 more than two million inoculations had been
carried out in Madagascar, whi~ch the author of the above book-
let seems to be unaware of. By contrast with this pusillani-
mour undertaking, other trials carried out without fanfare by
Pokravskaya and Kaganova were quite audacious: we certainly
would not have undertaken them in Madagascar. These trials
consisted in the administration by inhalation -- first to them-

* selves and then to 2u volunteers -- of the EV virus-vaccine,
as well as another live strain, AMP. We have mentioned above
that the Russian outhors were anxiou5 to demonstrate the ac-
tivity of the virus-vaccine in the protection of guinea pigs
against pneumonic plague and that this protection wa'z more
durable if the vaccine was given directly in the form of an
aerosol. It is after a very thoreugh histological study, to
which we shall return, relating to the stimulation of the im-
munitary process of the lung, that the two risearchers came to
the conclusion that they could apply the method to men. Ac-
cording to their communication, these tests were not marked by
any accident; there was ro general reaLtion, ro angina, no
conjunctivitis. They consider the method inoffensive, asd hope
that it will make it possible to achieve victory in the fight
against oneumonic plague [113).
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Ii
In Tunisia, an epidemic of bubonic plague (37 cases)

linked with murine plague raged in Ferryville between August
1944 and March 1945. Under the effective direction of Surgeon-

) General Le Chuiton, Director of the Public Health Service of
the Maritime District, a vaccination was carried out first with
killed vaccine, and then with live EV virus-vaccine prepared
at the Pasteur Institute of Tunis. The live vaccine was admin-
istered to 59,301 persons. According to MIagrou r96] who gave
a detailed description of this operatlon, it is difficult to
determine the role played by the vaccine in the evolution of
this outbreak of plague which was concurrently attacked by de-
ratization and intensive disinfestation by DDT; on the other
hand, this was not an experiment in which valid non-vaccinated
controls were also used. Our colleague nevertheless stressed
that the cases of plague occurring in the vaccinated group
were less severe than those which occurred in the non-vaccin-
ated group.

In Senegal, where an offensive return of the plague took
place in October 1944, about 100,000 inoculations with the EV
virus-vaccine were carried out; however, even here it is im-
possible to say whether these vaccinations had any effect on
the progress of this epidemic which, it seems, was already in
its waning stage when the vaccinations were performed, the
delay being due to a combination of circumstances which had de-
layed our departure to Dakar on this mission.

In Vietnam, the EV virus-vaccine had been used since
1946 when one or several cases of plague were identified. The
reports of the Pasteur Institute of Saigon make mention of this

( vaccine which is being prepared in Saigon and Dalat where the
EV strain is subjected to a regular control of its properties.
However, only isolated cases of plague occur in Vietnam, and
the problem of preventive vaccination is far from being as im-
portant there as it has been in Madagascar; notably, pneumonic
plague is unknown in Vietnam.

Be that as it may, taking into account the facts ob-
served in Madagascar, in the former Belgian Congo and in the
Union of South Africa, it can hardly be denied that the EV
virus-vaccine has contributed to the reduction of the risks of
human infection wherever it was employed. It may have been of
debatable utility and may have constituted only a precautionary
measure during the last few years when the global epidemiolog-
ical situation has evolved toward the s;,ortancous decline of
plague, this decline being facilitated by the use of a sys-
temati- disinfestation; but a fundamental fact emerges from
this immunization with the livc EV vaccine, and let us add,
wit:. that of Otten in Java, and that is that not a single acci-
dent or even serious incident has been encountered in the couise
of the millions of inoculations performed during the last 30

years. Even if nothing more could be expected from the vaccine,

this fact deservpn being particularly stressed.
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Discussion

C Before entering upon the second part of this work, we
must make mention of and reply to the criticisms which have
been expressed with regard to the use of live antiplague vac-
cines in general, from the very beginning of their application,
by Sokhey and Maurice of the Haffkine Institute of Bombay.
These authors' experiments carried out under the conditions in
which they worked led them ti the conclusion that their vac-
cine killed by heat had a protective power that was 150 times
greater than the live vaccine obtained artificially with the
same strain [137). To these allegations which related es-
pecially to the work of Otten who, as we have mentioned, had
carried rut the first tests on human subjects with an ir-
reproachable discipline, according to the so-called alternant
method, the Director of the Pasteur Institute of Bandung replied
with a series of arguments which considerably reduced the im-
portance which his two colleagues at the Haffkine Institute had
attributed to their experiment s [108). Sokhey and Maurice had
claimed that although the killed vaccines did not always fulfill
their expectations, this was due to the fact that their steril-
ization was carried out at a too high temperature. For them,

the suspensions should only be subjected to a temperature of
SSC for 15 minutes; in this way the vaccine protected both the

mouse and the guinea pig. On the other hand, having cultivated
the virulent strain from which they prepared their vaccine for
six weeks at 37.5°C, they noted that its virulence was atten-

C uated, then it disappeared, and it was this avirulent sample
that they compared, as a virus-vaccine, with their killed vac-
cine. The comparison •roved that the minimum dose protecting
the mouse was 0.002 cm3 of killed vaccine, and 0.3 cm3 of live
vaccine.

The uninitiated reader is obviously perplexed when con-
fronted with this resalt, as presented by Sokhey and Maurice.
However, we cannot accept the interpretation and the conclusion
d6iawn by them any more than Otten did; our inability to accept
the interpretation and conclusion is based on two reasons which,
in cur opinion, are very important ones:

1) Heating a suspension of virulent plague bacilli at
55' for 15 minutes (approximately 2xl0 9 bacilli per cm 3 ) does
not kill all the germs unless the suspension is subjected to a
continuous agitation during the operation. While this vaccine
protects the mouse against a test infection of mild severity,
as do the majority of killed vaccines, it is completely inac-
tive in the guinea pig. If the material was not agitated, a
few live micrcorganisms may survive which a wide inoculation
would make demonstrable, as has been shown by Robic. With this
vaccine, which is apparently inoffensive for the guinea pig,

34

C



this animal will enjoy a certain degree of protection which
may be attributed to the residual live germs [5S]. However, for
its human use, the Haffkine lymph was always treated with
phenol (0.5%) in order to preserve it in such a way that the
human subject always receives a perfeztiv killed vaccine. At
the laboratory, a suspension heated to 55°C for 15 minutes and
treated with phenol as above does not im;part a trace of im-
_.unity to the guinea pig. Moreover, Ottan strcssed that the
reading of the annual reports of the Bombay Institute reveals
that the original vaccine prepared by Haffkine in 1897 was
sterilized for one hour at 70*C; later, the sterilization was
carried out at 650, 60%, betweeit 36 and 60%, and still these
vaccines were considered by their -uthIurs as being highly ef-
fective cn the basis of statistics whose interpretation has
been so pertinently challenged by Otten after his experiment
carried out in Java (1071. However, we owe it to the truth to
point out that about 15 years ago, under the impetus of Sokhey
himself, the technique of wanufacture of the vaccine was per-
fected at the Bombay Institute [138, 139]; it is sterilized
by means of formol, ard this vaccine, as we have personally
noted, imparts a high degree of protection to the mouse, while
it remains without effect it) the guinea pig, as are all the
killed vaccines.

2) By assuming that the avirulent strain created by an
experimental artifice from the same virulent strain must rep-
x.tsent the ideal type of a virus-vaccine, Sokhey and Maurice
attributed a general validity to the interpretation of an
isolated experimental fact which confirmed what we had already

O known, namely, that certain avirulent strains are devoid of
protective power. Had not Yersin noted that the quality of a
live antiplague vaccine was linked to the maintenance of a cer-
tain virulence level [151]? We shall be more explicit with re-
gard to the interpretation given to the term "avirulent" which
is generally -- and wrongly -- usea instead of the term "at-
tenuated" cr "weakened" virulence. We, ourselves, have pointed
out that the "Pecha" strain, isolated in Vienna at the end of
the last century, which for a long time was devoid of any
virulence and which, as a result, was handled without risk in
the laboratories by generations of students, did not confer a
trace of immunity on rodents. In our first publications we
claimed that the EV strain was the only one in a batch of cul-
tures investigated whose scable characteristics justified the
hope of using it for the preparation of an effective virus-
vaccine. In 1937 Reitano [118] Carrieu out a series of experi-
ments with an avirulent strain (strain P) on the basis of the
studies undertaken at Madagascar and Java, and concluded from
the results, as Otten had concluded in Java, that among the
avirulent cultures one encounters some that are endowed with a
high immunizing power while others are completely devoid of
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this power; he added that the reason for this contrast ought
not to be sought "in the form or aspect of the colonies, but in
certain other factors toward which the future 'nvestigations
should be directed."

C In truth, the mode of attenuation specified by Sokhey
and Maurice had to lead to a degradation and then to the disap-
pearance of the virulence of their strain as a result of a
selection of mutants which are avirulent from the very begin-
ning, mutants which exist in the majority, if not in all,
strains of PzsteureZZa peetie. This selection is favored by
culturing at 37, and its effect is to cause the loss of cer-
tain antigens as was recognized by Fukui et al. [37]. This
notion was unknown 25 years ago. The virus-vaccines EV and
Tjiwidej were not obtained by culture at 37%, but quite on the
contrary, and as for ourselves we have always advised the cul-
tivation of strain EV at a temperature not exceeding 280. Today
it can be readily seen that a virulent strain which is in
possession of its entire antigen complex preserves, after
sterilization by the usual procedures (heat, formol), a part of
its protective antigens, while a long series of cultures at 37'
will lead to the selection of mutants entirely or partly de-
prived of these antigens. This is the meaning -- which could
not be predicted by Sokhey and Maurice -- of their experiments
whose results should not surprise us. However, in the theoret-
ical objections of the Indian authois to the use of a live vac-
cine against plague there is an element which we must denote as
a form of sentimentality. Loyal to Haffkine's lymph, the first
antiplague vaccine, the sole vaccine which had up to then been
prepared in a liquid medium, it was not without regret that the
Bombay Institute deliberately accepted the abandonment of a

( technique which had been used for 40 years. Moreover, it may
be objected that with a virus-vaccine it is difficult to build
up stocks for an emergency as is commonly done with a killed
vaccine. A rigorous and permanent control of the strain is
imperative in order to prevent both a return to virulence and
the accidents which would result from this, and above all, a
degradation to the point of complete loss of immunizing power,
examples of which we have encountered. We have never been un-
aware of these requirements and the constraints which they im-
pose on us. We are inclined to believe that it is this group
of arguments which was responsible for the bitterness which
permeates the last lines of Otten's paper [108] written in
reply to the criticism of Sokhey and Maurice which had been
voiced durirLg a meeting of interested workers, where our emin-
ent colleague did not succeed in having his point of view ac-
cepted without reluctance: "That the Conference on Rural
Hygiene, recently held in Bandung under the auspices of the
Health Organization of the League of Nations, was unable to en-
dorse this conviction, cannot by an insider be regarded as
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surprising. In matters of medical hyiene, the Leage of
Nations beaves as it does in politics: it strives only for
compromise."

SHowever, in the midst of the enthusiasm aroused by the
first mass vaccinations in India, sezious reservations were
formulated by Simond and Yersin in their remarkable report on

plague in the Far East, presen::ed to the Internati-nal Medical
Congress in 1900 [135]. In the serenity of his retirement,
our illustrious Old Man of the Colonial Medical Corps w:ote us
a letter in 1936 about this report; we mention the existence
of this letter for the first time, and a photocpy of its essen-
tial passage is appended herewith.
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[Translation of letter on page 38]

Valence, 3 March 1936
15 rue de l'Esperance

My dear friend:

I was all the more pleased to receive the series of your
important papers on plague and on vaccination with your atten-
uated virus since I always considered the obtainment of an ef-
fective vaccine -,o be the crucial problem to be solved in the
area of prophylaxis, ever since I have experienced the diffi-
culties of providing protection by other measures. Yau state
that it is impossible to confer a solid and durable immunity
on the guinea pig with killed vaccines. I can tell you that as
far as the first killed vaccine is concerned (about which
there was so much excitement), that of Haffkine, the situation
is the same in man as it is in the guinea pig. The proof of
this is that, during two years of vaccination of human subjects
by this procedure in about 12 Indian foci, in several times
50,000 inhabitants, I have noticed the failure of this method
by so many and so precise observations that I was able, in my
publications, to express my deepest reservations on the ad-
vantages of this vaccination. From these observations I learned
how easily the authors of a procedure not only frequently hyp-
notize themselves but succecd, by i., a::• of somewhat labored
statistics, in convincing the public and even the technicians
of the existence of nonexistent result. And this happens not
only in the case of vaccines.
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Part II

IMMUNOLOGICAL PROCESSES AND THE EV VIRUS-VACCINE

As we have stated in our introduction, it is only during
the last 20 years that the plague bacillus has been the object
of investigations of an immunological type, as a function of its
antigenic structure. The Second World War gave rise to a series
of studies in this area, especially in the US, whose troops
were called upon to pass through and remain stationed in Asian
and African territories which formed part of vast zones where
plague was endemic. While understanding our action in Madagas-
car as being the result of particular conditions which had led
to the adoption of the use of the EV virus-vaccine with results
whose importance they never challenged, we noted in our con-
versations with our English-speaking colleagues the existence
of a reservation, in principle, toward all live antiplague vac-
cines. Thus, one of their principal objectives was to perfect
immunization by making an effort to extract from the cell of
P. pestis the protective antigens which would be capable of ad-
vantageously replacing the classic vaccines, all of which were
composed of killed germs. On this basis they were necessarily
led to uiudertake an experimental comparison of the immunitary
mechanisms of the various types of vaccines, including the
virus-vaccines, and among the latter notably those which had( been applied to human subjects on a vast scale: the EV strain
in Madagascar, and the Tijiwidej strain in Java. Two teams of
researchers were particularly deeply involved in this task:
first in the US that of the George William Hooper Foundation in
San Francisco under the direction of K. F. Meyer, and later, in
England, that of the Porton Research Laboratory for Medical
Microbiology under the direction of T. W. Burrows. Their work
will be exhaustively treated in the present article, but first,
it is indispensable that we give a precise definition of the
terms to which our English-speaking colleagues attribute rT.can-
ings that are not identical to those commonly adopted in France.
In this way the reader will be better able to interpret the
critical analysis to which we shall subject these papers which,
even though restricted to the experimental field, nevertheless
span an exceptionally broad range of topics and mark an epoch
in the history of immunology.
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Virulence, Toxicity, Pathogenic Power

in Pasteurella pestis

Pacing M. Nicolle, we consider that the virulence of a
microbe resides in its ability to multiply in the organism
more or less abundantly and to create lesions in the latter.
We shall add that these lesions may be transitory and have no
apparent effect on the behavior of man or animal, in which they
may be called "reactions" rather than lesions. While these
manifestations are no doubt attributable to poisons !laborated
by the microbial agent, experimentation teaches us that the
toxic power is not necessarily parallel to the degree of viru-
lence of thc plague bacillus. It is these two properties --
virulence and toxicity -- whose combination defines the patho-
genic power of the agent. This notion is not expressed dis-
tinctly in the publications of the American scientists for whom
"virulence and pathogenicity" are most frequently synonymous.
We have underlined these differences in a previous paper pub-
lished in English which we had been recuested to write in order
to give an up-to-date account of the progress made in the study
of plague and of its etiological agent d-ring the last two
decades [56).

This distinction between virulence and toxicity appears
in the mode of reaction of laooratory rodents to experimental
plague. The guinea pig, for example, is insensitive or almost
insensitive to the toxin, and succumbs only after an intensive
proliferation of the virus which multiplies in the blood and
the organs, notably the liver and spleen. By contrast, the
white rat is killed more rapidly with the same strain if this
strain is very toxic, and there will be very few germs in the
tissues. However, if the culture is not too toxic and if the
inoculation comprises only a small dose of cells, the rat will
be able to resist while in the guinea pig, an ideal reagent of
virulence, the disease will last only for a few days and then
have a fatal outcome, according to its usual manner. It is
these observations made with material taken from human cadavers
that have led us, with Robic, to use only the guinea pig for
the control operations of the post-mortem detection of plague
in Madagascar. The white mouse, in turn, is the animal of
c,;oice for the studies of the toxin to which it is highly sen-
s tive, while at the same time it offers to the plague bacillus
one of the most propitious media for bacillar development if
it does not succumb too raýAi'ly to the intoxication.

The absence of any correlation between the two factors
which control the pathogenic power of P. pestis is clearly
demonstrated in the case of certain so-calle. avirulent strains
from which one can extract a toxin whose zctivity is in no way
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inferior to that of the most virulent strains.
In the first part of this worI., where we mentioned the

essential characteristics attributed to the EV strain, we
stressed the fact that it remained toxic, and that we believed
that it probably owed its protective power to the persistence
of this property. Our opinion was reinforced by our subsequent
investigations on certain protective aviruleiit strains while one
strain devoid of any immunizing power was atoxic [57]. This
point of view has been refuted -- as we shall see later on --

by Meyer et al., who believe that tho toxic fraction may be
eliminated in the killed vaccines of the protective antigenic
complex to which the toxic fraction is supposed to be foreign
[99].

Furthermore, let us note in connection with the plague
toxin that the toxin which is extracted from the protective
avirulent strains has been found to be identical to that of the
virulent cultures. Thus, Goodner, studying the optimal condi-
tions of the production of the toxin, has worked with the EV
strain (75]. Spivak and Karler have studied th- virulent
Indian strain 195/P and the EV strain; the toxins of both
these strains behaved similarly [140]. Ajl et al. have ob-
tained a highly purified toxin from the avirulent Tjiwidej
strain [1]. The respective independence of the virulence and
toxicity can hardly be doubted in the case of P. peatis whose
pathogenic power is completely subordinated to the "virulence"
factor; however, the interpretation which we give to this
factor is less rigid than that of our American colleagues, be-
cause it is based on experimental observations which they them-
selves havc confirmed.

The publications of these authors mention only two types
of strains of plague bacilli: these which are pathogenic under
conditions which, in truth, have been arbitrarily established,
and those which are not pathogenic; they regard the first as
virulent and the second as avirulent. Nz;,lre is there any
question of strains of attenuated or weakened virulence, a
qualification which is met precisely by the EV and Tjiwidej
virus-vaccines and probably also by chose which have exhibited
a real activity and whose study has not left the confines of the
laboratory. In the above-mentioned paper ($6] we have stressed
this gap in the vocabulary, by calling attention to a paper of
Englesberg et al., for whom a strain is virulent if it causes
the death, by septicemia, of a mouse in which a dose not exceed-
ing 300 germs has been subcutaneously inoculated. A strain is
said to be avirulent if lO,O0C or more germs are tolerated by
this animal, a criterion which is satisfied by the EV and
Tjiwidej strains.

For Burrows, a strain is virulent if 20 cells inoculated
subcutaneously kill the mouse, and by a peritoneal route, the
guinea pig; he considers those strains avirulent which are
pathogenic only at a higher dose; however, in a recent publica-
tion in which the "thor treats this very complex problem of
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virulence in its entirety [12], he :.'kes care to stress that the
term "avirulent" comprises the strains of reduced virulence
whose LD varies between 102 and 107 (titus, over a large range)

W as well as those for which the LD exceeds 108 for the mouse and

1010 for the guinea pig. We are inclined to assume, because
there is nothing explicit on this point, that only the latter
strains would meet the criteria for being designated as true
avirulent strains. The notion of attenuated virulence was im-
posed on Burrows when, following certain patient researches, he
specified the characteristics which hermit the determination of
the virulence in P. pestis in vivo. Ic shall discuss this in a
chapter devoted especially to the work of the Porton school.

Note: The term "attenuated virulence" is now used for
all microbial strains devoid of pathogenic power when adminis-
tered under given conditions, when under the identical condi-
tions the cultures from which they were prepared were originally
pathogenic. The distinction established by M. Nicolle between
attenuated virulence and weakened virulence, according to
whether or not this state is durably fixed, is no longer taught
to the new generations of microbiologists, most of whom are un-
familiar with this distinction. Hence, when we speak of at-
tenuated virulence in the following part of this work, we shall
have the general meaning of this form in mind in order to con-
form to current usage, even though it is doubtful if there are
strains that are truly attenuated, as defined by M. Nicolle
[105].

Pasteur himself, as is appropriately recalled by G.RamonO in Pag08 d'Hisroire de l'Immunologie (Pages from the History of
L:imunology), has had to "recognize under the pressure of facts
that the virus-vaccines whose virulence was not abolished but
only reduced, are not f.xed in their pivperLiA, and that the
latter may become modified under certain conditions." This
JournaZ, Jan.-Feb. 1962, 51, p. 16.

Demonstration of the Partial Virulence of Strain EV

We have never claimed that strain EV was avirulent. In
our initial description of its essential characteristics in
1933 (see the first part of this article), we gave the reasons
which had led us to regard it as a strain of weakened virulence,
and a toxic one as well. in truth, the experiments carried out
on guinea pigs which had been inoculated with many billions of
live germs intraperitoneally would have led us to 8ttribute the
death of those animais which had succumbed to this massive in-
oculation rather to the combined action of the two elements of
pathogenic power: virulence and toxicity. The guinea pig is
very little sensitive to the toxin extracted from cultures in
vitro, but in vivo the p 1 v'•" bacillus produces in this animal
a toxin that is much more active, as has been shown in 19S7 by
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Keppie et al. [83]. Under our cxperimental conditions, the
toxin which weakens tile resistance of the animal would permit
an intense and rapid proliferation of the etiological agent.

The proof of the persistence of a certain virulence of
the strain was provided when we reduced to around 1 billion
germs the dose administered to a series of guinea pigs, two of
whom were sacrificed daily for a period of 30 days. In effect,
we have noted in several animals iroculated intraperitoneally
and sometimes subcutaneously, the presence after a few days of
nodular reactions in the spleen, more rarely in the liver. Our
late lamented colleague Jean Bablet subjected these lesions to
a study (6], whose essential findings are as follows:

From the macroscopic point of view we note, from the
seventh day on, a hypertrophy of the spleen which iviay 1ttain
twice its normal volume. The surface of th- )itgan ac'uires a
rough and rugose appearance. On the tenth dz,- oi s) -here con-
sistently appear some granulations whose maximum size is that
of a pin, and which stand out against thl violet '" kground of
the organ by their grey color. On the .'5th day they begin to
fade out and disappear between the 20!h and 25th day, leaving

behind a small, hardly visible scar. un the 30th day everything

is normal again, and the spleen has recurred to its norma.,

volume.
Histological examination reveals after the fifth day the

presence of small nodular formations in the red pulp, made up
of a dense mass of reticular cells centered by a group of poly-
nuclears containing a few coccus racilli. During the following
days the lymphoid formations ..f the white pulp fadt. out some-
what as a result of the prolifceratAve thrust of the reticular
and endothelial elements. Aroun.ý the tenth day the reaction

phenomena attain their peak, the congestioi. is intense and the

reticular nodules contain more or less disintegrated poly-
nuclears, bacillar debris and liv-i bacilli in their center (as
is demonstrated by the inoculation into mi)e'.. These formations

are rather similar to the reactional ý;otules producedi in the

organs by the experimental iv. c•culation jf large doses of
BCG bacilli. Regression begins after the tenth day. On the

30th day the nodules have disappeared, only a reticular hyper-
plasia of the cords remains; the white pulp has resumed its
normal appearance.

If, under the same eanditions, we inoculate the guinea
pig with EV bacilli killed hy huating to 60" -- these bacilli
nevertheless remain toxic -no reaction takes place in the
spleen, nor is there any reaction with virulent bacilli likewise
killed by heating. Hen(.e. the nodular reaction is linked to
the introduction of iive bacilli into the organism, and it
causes the segregation in the splenic pulp of these bacilli

whose toxigenic power does not play a part in the mechanism of
this reaction. Attenuated strains of plague becilli of weak
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immunizing power are incapable of c .asing the appearance of
splenic or hepatic granulations. Poence, the latter would have
the value of a ccntrol reaction to c:!-ck the immu1nizing quali-
ties of a plague bacillus.

In another series of expeiiments in which the guinea pigs
were inoculated -- this time subcutaneously .- iith the same
dose of germs [109], we have attempt d to isolate the EV
bacillus from the principal tissues or organs with our collabor-
ator Radaody-Ralaros,, who was gu jdd in this trial by the re-
sults of his previous work on the f.te of BCG, inoculated into
the guinea pig. The animals were sacrificed after 3, 6, 9, 15
and 24 hours, then after 2, 3, 4, 7, 9, 11, 13, 16, 21 and 29
days [58]. The following findings were made:

Only a small quantity of EV bacillus circulates in the
blood, where it was d tected only during the 40th hour, never
afterwards. It could only be isolated from the organs after
two days. The spleen, which was the first organ to be invaded,
retains a maximum amount of this bacillus on the fourtih day, and
no longer contains any after the l1th day. The liver is invaded
only somewhat later, but it is in the hepatic tissues that the
bacillus lingers for the longest time (13 days). it was en-
countered once in the axillary ganglion but never in the bone
rnarrow. Although smears have demonstrated its passage to and
persistence on the level of the lung, the extreme proliferation
o! the associated banal germs did not permit us to isolate it
fiom this organ.

In the table aprended i•o said work, we shall note that a
count of the colonie_,s isolated in the spleen dilutions would
show, for the whole organ, at least 6.,000 germs between the
third and fourth days, and 2500 in 1 g of hepatic tissue on the

1 Ith day.
The precedi *zg experiment was re~eated with the Pecha

strain, whijch is quite ,.virulent anrd does not possess the least
protective Power. At no time was its bacillus encountered
eithex in the blood or on the level of the principal &ý.'gans.

It ma be objected that these experi,.nents attest only
that the EV bac;illus i: not imrdiately destroyed in the organ-
ism, contrary to the avirulent plague bacilli devoid of i&;aiz-
ing power, and that its presence in the tissues for a variable
period of time does not necessarily Inly that it is multiplied
there, while assuming that this presence is responsible for the
high protectivc power conferred by the virus-vaccine, due to the
reactions which it gives rise t:.

this is a point of view which. Otten readily subscribed
to. Hte recslled that Strong had stressed during his attempts at
vaccination with a live bacillus, uhich were followed in 1908
by" ..O huv:sýn vaccinýttions (without any incident) [142], that in
the monkey, the virus proliferated r:1pdl' at the inuculation
site after the ,ixth hour, but that it W,.ý no longer detectable
in culture after 24 hours. fie did not look for it in the vis-

cera. Tý.s multiplication in situ which he estimated at a
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immunizing power are incapable of ctusing the appearance of
splenic or hepatic granulations. Hence, the latter would havethe value cf a control reaction to check the immunizing quali-ties of a plague bacillus.

In another series of experiments in which the guinea pigswere inoculated -- this time subcutaneously -- with the same
dose of germs [109], we have attempted to isolate the EVbacillus from the principal tissues or organs with our collabor-
ator Radaody-Ralarosy, who was guided in this trial by the re-
sults of his previous work on the fate of BCG, inoculated into
the guinea pig. The animals were sacrificed after 3, 6, 9, 15
and 24 hours, then after 2, 3, 4, 7, 9, 11, 13, 16, 21 and 29
days [58]. The following findings were made:

Only a small quantity of EV bacillus circulates in the
blood, where it was detected only during the 40th hour, never
zfterwards. It could only be isolated from the organs after
two days. The spleen, which was the first organ to be invaded,
retains a maximum amount of this bacillus on the fourth day, and
no longer contains any after the 11th day. The liver is invaded
only somewhat later, but it is in the hepatic tissues that the
bacillus lingers for the longest time (13 days). It was en-
countered once in the axillary ganglion but never in the bone
marrow. Although smears have demonstrated its passage to and
persistence on the level of the lung, the extreme proliferation
of the associated banal germs did not permit us to isolate it
from this organ.

In the table appended to said work, we shall note that a
count of the colonies isolated in the spleen dilutions would
show, for the whole organ, at least 60,000 germs between the
third and fourth days, and 2500 in 1 g of hepatic tissue on the
llth day.

The preceding experiment was repeated with the Pecha
strain, which is quite avirulent and does not possess the least
protective power. At no time-was its bacillus encountered
either in the blood or on the level of the principal organs.

It ma: be objected that these experiments attest only
that the EV bacillus is not immediately destroyed in the organ-
ism, contrary to the avirulent plague bacilli devoid of immuniz-
ing power, and that its presence in the tissues for a variable
period of time does not necessarily imply that it is multiplied
there, while assuming that this presence is responsible for the
high protective power conferred by the virus-vaccine, due to the
reactions which it gives rise to.

This is a point of view which Otten readily subscribed
to. He recalled that Strong had stressed during his attempts at
vaccination with a live bacillus, which were followed in 1908
by 200 human vaccinations (without any inciden-.) (142], that in
the monkey, the virus proliferated rapidly at the inoculation
site after the sixth hour, but that it was no longer detectable
in culture after 24 hours. He did not look for it in the vis-
cera. This multiplication in situ which he estimated at a
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its effectiveness during the controls, to which it was regu-
larly subjected during its use in hunan immunization.

In fact, the extensive studies carried out on the anti-
genic structure of the plague bacillus gradually revealed the
existence of certain basic differences between several "aviru-
lent" protective strains and, from this point of view, of a very
particular behavior of the EV strain.

Antigenic Structure of PaczeureZla pestie.

Relationship Between Fraction 1
and Immunizing Power

Prior to the work of the American scientists, Schutze
(1321 showed that the plague bacillus nossessed two antigens,
one corresponding to what he called "envelope" (today it is
considered a capsule) and the other the somatic antigen. The
former, unstable to heat, attained its maximum development in
370C cultures, whereas the latter, stable to heat, formed
equally well at 200 and at 37*. Furthermore, we have reported
[59] that Boivin's trichloroacetic acid technique did not make
it possible to demonstrate the existence of a complete antigen
(fat-carbohydrate-protein) in P. pestis; later, in a paper co-
authored with Sandor, we pointed out that the plague toxin,
which has an exclusively proteinic composition, behaved rather
like an exotoxin despite the fact that it is liberated by
microbial lysis, and that it occupied an intermediate place be-
tween the true exotoxins and the endotoxins [63, 129].

We owe the first statements on the antigenic structure
of P. pestis to Baker et al. [8] (1947). Working with massive
suspensions of germs cultivated on agar, then dried and treated
by a suitable technique, these authors isolated three charac-
teristic fractions from it: Fraction 1, which is nontoxic, it-
self breaks down into two subfractions: 1A, a protein combined
with a polysaccharide, and iB, protein alone; however, since
these two substances have common properties, we shall henceforth
refer to them as F 1. When injected in the rabbit, F 1 causes
the formation of agglutinins against the total microbe; the ob- '

tained serum protect's the mouse against the infection but does
not have any neutralizing effect vis-a-vis the toxin. This
antigen immunizes the mouse and the rat but not the guinea pig.
It is produced especially in cultures of 37*C by the virulent
and certain protective avirulent strains. On the whole, it cor-
responds to the antigen of Schutze's "envelope." A second frac-
tion, F 11, is toxic for rats and mice; it is antigenic and the
rabbit antiserum neutralizes the toxin but only agglutinates
P. pestis to a slight extent or not at all. Fractions 1 and 11
are soluble in water. A third fraction, included in the insol-
uble residue, is made up of proteins which contain an antigen
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which is protective for the guinea pig. Subsequently, Seal in
Calcutta [1331 and Amies in Johannesburg [2] have confirmed,
with the aid of original techniques which differed from that
of Baker, the presence of similar antigens in fraction 1 in the
capsular substance which represents 2 percent of the dry weight
of the microorganism which, according to Amies, is composed of
proteins combined with a small amount of hydrocarbon and whose
solution possesses strongly immunizing and precipitating char-
acteristics. A few micrograms of purified antig'n suffice to
confer a solid protection on a sensitive African roden'. Mae-
tomys natatensis. However, the authors have failed in their
attempt to discover an antigen of type Vi which would have per-
mitted to distinguish the virulent from the avirulent strains
by means of serological tests.

It is around this fraction 1 that the work of Meyer's
school was carried out. For Meyer the value of an antiplague
vaccine -- wthether live or killed -- is a function of its con-
tent of this antigen, and of this factor alone. Highly puri-
fied by a series of operations which we shall not go into here
[9], this fraction immunizes rats, mice and monkeys but not the
guinea pig; however, these authors were not too concerned with
this fact since they considered that the behavior of man is
closer to that of the mouse than of the guinea pig. The argu-
ment advanced in order to shore up this concept is that man,
like the mouse and unlike the guinea pig, is sensitive to the
plague toxin. We conside:r this argument rather specious in the
form in which it is presented. While intoxication plays a dom-
inant role in the symptomatology of human plague and while the
guinea pig hardly reacts to an injection of toxin, it should,
nevertheless, be stressed that we are dealing with a toxin
which is obtained by culture in vitro; we shall see later on
that the situation is not the same with a toxin elaborated in
vivo, particularly in the case of the guinea pig. Be that as it
may, fraction 1 is allegedly sufficient by itself to protect man
against plague. While fraction 11 which is toxic does have anti-
genic properties, it is of no use, which makes it possible to
inject a purified, atoxic antigen representing, in a small vol-
ume the active element contained in tens of billions of total
germs which could not be administered to man without danger,
owing to their toxicity.

It cannot be doubted by anyonc examining the experi-
mental records and the numerical results of our colleagues from
San Francisco that there exists a ±elationship between the F 1
content and the immunizing power of a virus-vaccine [99]. Out
nf approximately 15 so-called avirulent strains we note that
strain 1122, which has the highest content of F 1 (15-18 per-
cent of the capsular antigen) protects 50 percent of the mice
against a standard infection with only 300 cells. With strain343 (from the Congo) whose F 1 content is 2.3 percent, 90,000
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cells are necessary; with the :jiwidej strain (1.5 percent F 1)
the figure rises to 400,000; with strain 14, whose F 1 content

_ is less than 0.02 percent, the dose attains 30,000,000 cells.
This correlation is even further st:.rgzhened in the case of
two samples of strain EV, one of w '~ca (EV 76 old) was obtained
by Meyer via an intermediary (?) an-' .11 second (EV 76 Girard)
used by ourselves after control of its properties. The former
contains only 1.9 percent F 1, and the dose whi:h protects 50
percent of the mice is 1,400,000 germs. The F I content of the
second is 5 percent, and the same result is obtained with 200-
500 cells. In the case of the guinea pig these findings are
different, and the strain which protects 75 percent of the
guinea pigs with 30,000 cells requires several million cells to
immunize the mouse. The certrast which we find between these
two samples of EV is just as significant for the guinea pig as
for the mouse, since 3 billion cells of the former strain
(EV 76 old) are needed to protect SO percent of the guinea pigs,
and 50,000 of the second (EV 76 Girard) to protect 100 percent
of them. Strain 1122, which is so rich in F 1, immunizes the
guinea pig only after inoculation of 300 million germs.

fience, for Meyer the ideal procedure would be to vaccin-
ate man solely with the purified antigen F 1; however, its
preparation is a delicate and costly undertaking; hence on the
practical level, 37°C culture suspensions of virulent or non-
virulent strains may be used as "total" vaccines exhibiting an
effectiveness which is comparable to that of the live v 4 ccines
if they are killed and detoxified with formol, providedi that
these strains are rich in F 1. However, when fraction F I was

S incorporated into adjuvants such as falba or bayol F, Spivak
et al. [141] rather unexpectedly succeeded in immunizing the
guinea pig, at least to a partial extent, without the participa-
tion of the insoluble residual fraction which until then had
been regarded as the specific antigen which protects this
rodent. Some anti-F 1 antibodies were detected in the serum of
guinea pigs vaccinated in this manner. This serum had a certain
protective action in the mouse, a property which is manifestly
linked with the presence of this antibody, since the absorption
of the serum by purified F I made it disappear. During these
investigations, these authors were surprised to note that a dose
of S mg of F 1 emulsified in the oily adjuvant failed to protect
the guinea pig, whereas the protection was excellent (these are
their own words) with 0.005 mg; this is a phenomenon of im-
munonaralysis, which was investigated in a series of papers by
Wai,,er [147] and compared with the phenomenon described by
Felton and Ottinger in the case of the pneumococcal polysacchar-
ide in mice. In view of these results, Spivak et al. no longer
assume the existence of a special antigen which exerts a specific
protective action in the guinea pig.
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Discussion. Considered fron this angle, the problem of
immunization appeared in a new light and became simplified, by
uniting the killed vaccines and the live vaccines in the same( process. Without ignoring the major role played by fraction 1
of the surface antigen and the recommendation to prepare the
cultures at 370 to obtain the maximum yield of this fracti,,n, it
may be objected that the vaccine of the Bombay Institute, which
is no doubt effective in the mouse, originated from cultures of
280, as did its predecessor, haffkine's lymph. As for our-
selves, we have always recommended that strain EV be cultured
at 26-280, both for its maintenance and for the preparation of
the live vaccine. If the quality of this vaccine depended on
its F 1 content, it is hardly explainable why a small dose of
live germs confers solid protection on the mouse while a con-
siderable dose of the same germs whose vitality has been de-
stroyed by heat or formol has practically lost ics effective-
ness. The F 1 content of EV (5 percent) is considerably lower
than that of strain 1122 (15-18 percent), and still the mice

are protected with a similar number of cells. In the case of
the live vaccines, Spivak et al. [141] recognize that the dif-
ferences noted in the immunizing power of the various avirulent
strains -- an observation which we have underlined from the
very beginning of our studies, and which resulted in our retain-
ing only the EV strain out of the many strains investigated --
cannot be explained on the basis of the antigenic composition
alone: other factors must intervene, primarily the multiplica-
tion of the microorganisms and their persistence inside the
tissues; and they add that as long as these individual factors
have not been clearly elucidated, the avirulent strains to be

( recommended for the immunization of humans will have to give
evidence of their protective power both in the mouse and the
guinea pig. According to them, two strains met this require-
ment at the time of their publication (1958): the EV strain
and a strain called B 1456-4. Let us note in passing, before
going deeper into the question of the preservation of the
properties of virus-vaccines that, 30 years after our first
acquaintance with strain EV, the latter has completely pre-
served its original characteristics.

Meyer and Foster [100] have drawn their argument from
the presence of antibodies in the serum of persons vaccinated
with fraction 1 or the total vaccines combined with the oily
adjuvants, in order to evaluate the degree and the duration of
the immunity conferred in this manner. Like most authors, they,
too, consider that the agglutination and complement-fixation
reactions are too random to have any value, but that a mouse
sero-protection test (mouse protection index, MPI) whose tech-
nique and mode of interpretation they describe, has a veritable
meaning. In non-immunized volunteers who had received three
injections of purified F 1, the serum contains notable quanti-
ties of protective antibodies. The concentration of these
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antibodies is smaller with three irnecctions of tutal vaccine
or one inoculation of live vaccine Istrains 1122 and Tjiwidej).
From these nvestigations thcy conclude that 1) the amount of
protective antibodies in the serum decreases rapidly, and in
order to maintain it at an appreciable level it is necessary to
carry out repeated injections of vaccine, which stimulate the
prcduction of a higher concentration of antibodies than was
achieved with the first vaccination; 2) certain individuals
are unable to produce antibodies, even if they are subjected to
several repeated injections of antigen.

Favarel, in Madagascar [341, has sought to evaluate the
protective value of the various sera of persons vaccinated with
the EV virus-vaccine or whc have recovered from an attack of
plague, with or without treatment, using a sero-protection test
inspired by the MPI. The test to which the mice were subjected
,.as more severe than that adopted by Meyer. Our colleague
"has demonstrated certain differences ir the value of the im-
munity which follows the vaccination and that conferred by the
disease, and for each of the modalities he noted certain vari-
ants depending on the intensity of the vaccinal reaction and
on the repetition of vaccination in the former persons and on
the form of the disease (bubonic or pulmonary) in the latter."

Spivak et al. postulate, in favor of the protection of
the guinea pig attributed to fraction i + adjuvants, the
presence of large amounts of agglutinating antibodies, sensitiz-
ing agents and especially henagglutinins.

Howeve:, it has not been proved that an effective im-
munization necessarily accompanies this production of seral

A antibodies. We have detected only insignificant amounts of
ag lutinins in our guinea pigs which were solidly protected by
our live vaccine, even after the severe virulence :est to which
they were subsequently exposed. As for the proteinic hemagglu-
tination (HA) reaction, a technique developed by Neel aud Bal-
tazard has shown that this method did not permit evaluating the
degree of immunity. To be sure, thi 3 is a specific and highly
sensitive reaction, but in agreement with Neel [103] we have
found it positive at levels of the same order of magnitude in
guinea pigs vaccinated with a killed vaccine (without adjuvants)
when the aninals had not been given any protection as in those
who were effectively protected by the EV virus-vaccine. For
Neel, who carried out a study of the tHA, the latter only shows,
when it is positive, that the organism has been in contact with
the surface antigen of the plague bacillus; it has an un-
doubted epidemiological interest but cannot substitute the sero-
protection test of Meyer and Foster. It cannot be doubted that
the addition of adjuvants to the killed vaccines or to frac-
tion 1, with the local reaction which these adjuvants give rise
to, increases the concentiation of these antibodies while at
the same time stimulates the immunitary processes, as has been
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shown by Ramon about 40 years ago in the case of horses used
for the production of diphtheria .n, tetanus antitoxins. This
is clearly shown by Spivak's experi::•ents in the guinea pig,

- which we have mentioned above. However, we have never cared to
suspend our live vaccine in anything but physiological saline
solution, and this is perhaps the reason why, despite the local
reaction which the inoculation of this vaccine entails, seral
antibodies are rare or nonexistent, even though the guinea pig
is highly immunized. It is expedient to stress, in addition,
that the American authors administer three injections of
total vaccine or of fraction 1 at one-week intervals, and test
their animals three weeks later. Hence, the immunity is
acquired only belatedly, while in the case of the EV vaccine
it is already appreciable on the fifth day and is total on the
seventh day following the inoculation.

In a major article in which Meyer analyzed the patho-
genesis of plague, the natural resistance to infection and the
mechanism of defense in acquired immunity [101], the author,
describing the work in which his school has so intensively
participated, admits that the concentration of antibodies in
the serum of a human subject who had recovered from the dis-
ease, or in that of animals immunized with specific antigens
or with avirulent strains, is sometimes too low to be detected
by the usual tests, including the MPI. Despite the fact that
these antibodies may be characterized for several months in
certain cases, Meyer adds that their presence is not necessar-
ily an indication of the degree of immunity acquired. Cellular
factors play a predominant role, and this applies singularly to
the cells of the regional lymphatic ganglia and of the local
inflammatory exudate in natural plague or after vaccination, on
contact with the antigenic proteins. It is significant, he
writes, that the immunity following the infection is stronger
than that conferred by an avirulent strain which, in turn, is
more durable (our italics) than that produced by the antigens
alone. Although it remains to be proved that the infection in
an immune animal stimulates the physiological activity of the
histiocytes by producing antibodies more rapidly than in the
sensitive animal, Meyer iq inclined to believe that the level of
the subsequent immunity is conditioned by an increased phago-
cytic capacity of the microphages and macrophages. Various ob-
servations seem to indicate that "the individual resistance to
plague infection depends on the physiological activity of the
mesodermal tissues and not on some mysterious lytic humoral
antibody."

The Bases of the Virulence of PasteureZZa pestie

Until the work of Burrows and Bacon which we shall an-
alyze later on because of its importance for our topic, we were
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in complete darkness as to the elements which were responsible
for the virulence of 21. pestis. For Lnglesberg et al. [32] the
virulence must be a function of at least two factors: 1) the
envelope (capsular) substance which protects the microorganism3 against phagocytosis and probably blocks the action of the anti-
bodies on the cell due to the solulility of this substance, and
2) the production of toxin whih, in the last analysis, is re-
sponsible fcr death in plague ii.fection. However, certain
avirulent: strains are capable of producing both capsular and
toxic substance, and the aforementioned authors believe that tae
virulence of a given strain depends only on the quantity of
these substances. They verified their hypothesis by determin-
ing the antigen of the envelope (fraction 1) and titrating the
latter's toxin in 16 virulent and 9 avirulent strains; on the
basis of the inferences made from these operations they defined
the virulent strains as those which kill the mouse after inocu-
lation of 300 germs, and the avirulent strains as those which
leave the mouse unaffected after the inoculation of 10,000
germs. We have stated above that this distinction wns quite
arbitrary. The virulent strains produce more envelope sub-
stance than the avirulent ones; nevertheless, the limit be-
tween the two types whose F 1 and toxin concentration might be
similar was difficult to explain and these authors expressed
the view that certain unknown factors must have intervened in
this differentiation.

Burrows and Bacon, in turn, addressed themselves to this
problem and opened up highly interesting new paths by extending
our knowledge of the factors by which virulence is determined.

While they assume (13] that certain avirulent strains of
P. pestis differ from the virulent strains by the loss of theirfl capsular antigen, there are also other avirulent but protective
strains which possess, in vitro, characteristics that are
identical to those of the virulent strains. The antisera pre-
pared with either of these strains have similar properties.
Hence, it is only by their behavior in vivo that the/ can be
differentiated.

Burrows and Bacon first turned to the study of phago-
cytosis, by carrying ou• a series of experiments with two
strains of, P. pestis, one virulent and the other av-::lent and
protective (Tjiwidej) whose fate they followed in the peritoneal
exudate of the mouse. Their findings support those which
Meyer -- in addition to other authors whom he names -- had made
in the inflammatozi exudate following subcutaneous inoculation,
and of which the microphotographs presented in his paper [(01o
give an eloquent illustration. These results may be summed up
as f,'llows: During the first few minutes after inoculation, the
ph.gocytic activity is identical in both cases, but soon the
nunber of bacilli undergoing phagocytosis varies in inverse
proportion to the virulence; by contrast, the peritoneal exudate
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is rich in free virulent microbes, wV.e LCaS the number of
avirulent ones in it is small: 101 .' n. 103, respectively. The
authors believe that this resistance of the virulent microbes
to phagocytosis has to do both with :nodification of their
constitution and to an inhibition of the polynuclear leuko-
cytes (the only elements which they have taken into account,
because they represent 95 pe-rcent of the leukocytes in their
experiments). They expect that their subsequent experiments
will solve these problems.

Factors Responsible for Virulence.
Primacy of the "'VW" Antigen

Burrows and Bacon transposed the in vivo experiments
whose conclusions we summed up above to in vitro experiments.
They confirmed that by means of "phagocytia" tests involving
the polynuclear cells of the mouse, the virulent strains may
be differentiated from the protective avirulent ones. Culti-
vated at 28* on nutritive agar, the two types are highly sen-
sitive to phagocytosis, but if the organisms are incubated for
three hours at 370 in a broth culture, the resistance increased
notably only in the case of the virulent strains [14]. It
further follows from these studies that the behavior of the
strains of P. pestis with respect to this phagocytosis is in-
dependent of the presence or absence of capsules, which repre-
sents the first reservation regarding the hypochesis of Meyer
et al., for whom the pathogenic power is linked with the anti-
genic structure of the capsular substance. They envisage the
possible existence of an antigen specific to the virulent
strains. Incidentally, they discovered that the virulent germs
which undergo phagocytosis are no longer viable.

However, an J3sential and novel fact soon dominated the
continuation of the work of Burrows and Bacon: the demonstra-
tion of the existence of two antigens, V and W, whose presence
is characteristic of the virulent strains and is associated
with their resistance to phagocvtosis, so that these antigens
are similar to the Vi antigen of the Salmonellae [15]. These
antigens are produced by cultures of 370 both in the case of
encapsulated and non-encapsulated strains. The antisera pre-
pared in the mouse and the rabbit with various strains inocu-
lated in the live state, regardless of their degree of viru-
lence, increase their sensitivity to ingestion by the poly-
nuclear leukocytes of these two species when these sera are
placed in contact with germs-resistant to phagocytosis. While
the saturation of these antisera by resistant germs or germs
sensitive to phagocytosis gives rather aberrant result which
did not permit the authors to formulate any conclusions in this
area, one fact is firmly established: these antigens are, to a
great extent, independent of fraction 1 ct Baker [9] because an
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antiserum which sensitizes t'e cerns to tie action of the
phagocytes preserves this pru)crt-v it is saturated by this
fraction 1. An antigenic analysis v r:neans of Ouchterlony's
precipitation-diffusion technique has :ade it possible to locate
two lines corresponding to the two a-nt.gens, V and W, in ques-
tion, of which the second may be nhsoe;.t but could never exist
in the absence of the first. ilence, ,e combine them under the
designation "antigen VW."

Stressing in a short review 0o] that certain strains may
be virulent even though devoid of c-.velope antigen an of frac-
tion 1, provided that they contain the antigen VI", burrows
wondered whether the trust placed in fraction I for protecting
man against plague infection had not been exaggerated

This discovery ought to be uf direct interest to us,
considering that of all aviruient strains of varying degrees of
protective power which we have studied in the laboratory, the
EV strain was the soie exception, since it behaved like the
fully virulent strains by its marked resistance to phagocytosis
and by its possession of antigen V1,',.

By this fundamental characteristic which, for Burrows,
provided a sharp distinction of strain EV from the group of
protective avirulent strains, we were inclined to consider that
the permanence of antigen VW in its makeup is responsible for
its high immunizing power in the singular case of the guinea
pig. Referring to our first studies during which we compared
the properties of our strain with those of Otten (Tjiwidej)
since they were the only ones emnlov d for humans in the form of
a virus-vaccine, we now understood why the Javanese strain,
which gave more consistent results in the mouse and rat than
the Malagasy strain, was much inferior to the latter in the case
of the guinea pig. Even two weeks after tihe inoculation of the
vaccine the animals had developed only a PI*, and never a TI
following the severe virulence test defire2 at the beginning of
the present study. After two or -aree months the result was re-
flected by an AI '61]. This strain, like ours, was toxic, and
if at that time"* we had known about fraction 1 of the capsular

*}:or the meaning of these abbreviations we refer the
reader to the first part of this p'aoer.

**We are referrini, to the pe-iodJ `934÷1937) when Otten
published his studies and vaccinated the population of Java with
his live vaccine. In effect, after the -renature death of our
colleague, the Tjiwidej strain has uasseU tlzrough mary hands
and, after what we have read, one cannot rely too much on cer-
tain statements which make one assu::c that certain variations
h'ave manifested themselves in the subc;l':ures stidied in the
iboratories. After all, has not the T) iwidej strain been some-
"tIMes classif:ed as r.1yceril nosivtie when it, like the EV
strain, belon - to the oceanic, ',lvceroi-negative tv'ne?

We shal1 express ourselveS i-ore ex:,-citlv li~ter on re-garding the sonetes consderable ficatios' which the
strains of P. .e6tt undergo dependin' on the method of preser-
vation adopted in order to reserve their initial proper ies to
the greatest possible extenC
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substance, it is possible tat we .ud have found it present
in this ,,train in a high conicentratiojn, in view of the pro- •

tective effect exerted by strain in the mouse. Likewise,
it is to the presence of antien %-, that we can attribute the
more pronounced transitory multip:at~on and the longer per-
Listence in the tissues of the ger;:.s originating fro:. the EV
strain, compared with those of the Tjiwidej strain, as we have
already reported in our analysis of a paper by Walker et al.

[146.
The agreement between our experimental results regarding

the properties of our respective strains led Otten, in 1936
[107), to predict the existence of at least two immunizing
antigens in these virus-vacciines: one which is active es-
pecially in the guinea pig, and the other in the rat. A prac-
tical conclusion was A-awn from this: in view of our ignor-
ance regarding man's behavior vis-a-vis the plague infection,
an ideal vaccine would be one that would immunize the Lwo
rodents equally well, and Otten added: "It is possible that a
combination of two or more strains will be indicated in the
future it. order to provide a better protection for man than he
currently enjoys." This view, which we have shared [62], was
recalled here in homage to the memory of the Dutch scientist
whose point cf view was amply justified by work carried out
during the last 15 years.

Other Factors Responsible for the
Virulence of F. :',i2st

After showing that the virulent strains cultivated at
370C possess, in addition to fraction i of the capsular antigen,

also th, antigen VW, Burrows and Bacon have discovered other
characteristics which are specific to these strains and whose
total or partial absence causes the attenuation of their de-
gree of ,iru.ence and has a repercussion on their immunogenic

potential. Jackson and burrows [7'; ad brought to light the
capacity of virulent strains to 1,~C i:gmented colonies J') on

a syrthetic medium containing hem"n. Burrows aind Bacon [17]
took into consideration the poss.I:r:ii *,hat these virulc:.t
strains may grow in the absence of -•urine (Pu.) or after the
addition of purine (Pu-). On the basis of these facts, a strain
oil: P. ,estis that is virulent ,in t*,. rath,)genic scnse) both in

or?. aco
the guinea pig :,nd the mouse •s cc,.:,, tuted according to the
-ormula F 1 + VW + P + Pu-. if ViN , absent in this complix,
the slsran ioses all virulence for the tio speCies despite the

possession of the other three c 7isc:eýtcs. .C loss of P+
is a-comnirnied by the disapn'earancc" _f v' rulence foi the guinea
pig and its attenuation for the :7ousC. ':-. absence of F 1+
63es nut affect the virulence for tz-' -.ous' but it does reduce
iz in the case of the gulnea pig. :naill', the strains which



require the addition of purine for dcvclopient are avirulent
for both species.

We shall not discuss heru the conclusions drawn byBur-ows and Bacon from their studies on the experimental im-
munity in plague; ..e shall only mention that they found this
problem very difficult to elucidate when realizing the cum-
plexity of the interaction between the factors involved, namely,
the animal species used, the method of immunization and the
nature of the virulence test. Mice, guinea pigs and rabbits
differ in their response to the production of antibodies with
live vaccines, and in each species the reaction to an efficient
antigen is modified by the presence of a second determinant
antigenic element of the vaccine.

We shall abstain from spending too much time on this
subject; we shall discuss only what is of special interest
for our topic under discussion.

With regard to the symbols inherent in a virulent strain,
EV corresponds to the formula F 1÷, NIW÷, P-. As for Tjiwidej,
which is devoid of VW+ as we have mentioned above, it is sym-
bolized by F 1+, VW-, P+. With respect to the characteristic
Pu+ or Pu-, it is subject to such variations for the colonies
of a given strain that we shall neglect it here. Moreover, our
colleagues at Porton would consider that this characteristic has
only an indirect effect on the immunogenic power, especially in
the guinea pig, by producing a protective antigen which is not
formed during in vitro growth by the Pu+ strains or in vivo by
the Pu- strains. However, in the case of the latter, a repeat
dose produces a high concentration of protective &ntibodies.

- 0 Thus, when guinea pigs are administered two doses of a live
avirulent strain F 1+ Pu-, their immunity increases consider-
ably, and is comparable to that which is conferred by a single
(or two) doses of an F 1+ Pu+ strain. Nothing like this is ob-
served in the mouse. In our correspondence with Burrows we
learned that strain EV was partially dependent on the addition
of purine (uracil), let us say Pu± in a synthetic medium.

To sum up, the disappearance of the pathogenic power of
the EV and Tjiwidej strains-seems to be attributable to the
loss of the characteristic P+ for the former and of VW+ for the
latter.

Although we remain convinced that the superiority of the
EV virus-vaccine in the immunization of the guinea pig is
linked with the persistence of antigen VW, this view is not
shared by the two scientists who have demonstrated it, nor by
Chen et al. [23] who consider that antigen VW plays only a sub- •
ordinate role in the immunity which, for them, always depends
on the amount of fraction 1 in the vaccine, the fraction which
is responsible for the production of protective antibodies.

It is from this different point of view that we consider
the role played by antigen VW in the EV virus-vaccine, as we
shall now discuss.
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Antigen VW and Resistance to Phagocytosis

Let us stress first of all that this antigen with which
we shall deal throughout this paper has not been isolated as
yet, at least as far as we know. Its existence has been proved
only uy the presence of two precipitation lines which are
consistently obtained by the techniques of Oudin-Ouchterlony in
the virulent strains and the EV strain, and which ure pre-
served by the antisera prepared by means of these strains after
saturation with avirulent suspension. The precipitation-
diffusion method in agar has becn widely employed for the study
of the antigenic structure of P. pestis, and the number of
components determined in this way becomes as high as IS for
certain authors such as Lawton et al. [93]; moreover, it var-
ies as a function of the composition of the culture media, the
kind of medium (solid or liquid), the temperature of incubation
(26 or 37*), and the pH. However, passive immunization tests
in the mouse, undertaken in an attempt to discover, of this
multitude of antigens, those which have a protective value, the
corresponding antibodies of which are detected in the serum of
vaccinated and nrotected animals, have not been 4ozaclusive.
Already in 1955 Ransom et Ll. [117], who were the first to em-
ploy a technique inspired by that of Oudin, obtained results
which attested an antigenic complexity which up to then had
been unsuspected in the case of P. peatis, without being able
to differentiate, in vitro, between a virulent and an avirulent
strain of this pathogen. In fact, only fraction I and the
toxin were isolated, since their chemical composition was known
and their antigenic properties proven.

In support of his thesis, we shall give here the literal
translation of a passage from a letter from Burrows, to whom we
had sent a subculture oi EV strain, received from the Belgian
Congo, for control, and whose protective power in the guinea
pig had sharply declined compared with that of the strain main-
tained in our laboratory. We were interested in knowing whether
the sample in question still possessed the antigen VW. The
reply was affirmative, and our colleague added: "I considnr i.
not too likely that VW is actually the guinea-pig antigen, and
I will demonstrate this in a forthcoming publication*. For ex-

4 ample, I have obtained from a highly virulent original strain
other strains which are F 1- VW- and nonpigmented, i.e., which
have lost these three factors responsible for the virulence,

*This reference is to the paer which we have already
mentioned 17; and which was published a few weeks after re-
ceipt of this letter.
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but whicn nevertheles6 have preserved their power to immunize
guinea pigs (but not mice) against a severe virulen-' test.
From this I have concluded that an antigen other than F 1 or
VW, or the latter combined with pigmentation, may play an im-

portant role in the im:munization of guinea pigs." With certain
reservations as to the nature of the test to which the animals
protected by *hese F I- VW- mutants had been subjected and the
duration of their immunity, it is obvious that results of this
type formally contradict those of tb-e above-mentioned American
authors, to be sure only as far as the guinea pig is concerned,
since the mouse is not protected by these F 1- vaccines. In
this respect, we may recall with S. Rowland [127], Boquet and
Dujardin-Beaumetz [10] that Pasteurella pseudotuberouloaio
(abbreviated PST) which, as we well know, has many antigenic
characteristics in common with P. pestis, immunizes the guinea
pig rather well, especially if one uses an attenuated live
strain; we have verified this at Tananarive [61a], although
we did mention that with ihe strains employed th6 degree of
protection was lower than that conferred by P. peatia.

More recently Thal [143] has shown that a strain of PST
(32 IV), in the form of a virus-vaccine, conferred a strong
immunity on the guinea pig. Now, while the two Pasteuiellae
are related by antigenic links, PST which is devoid of capsule
does not possess fraction 1. This is a rather unexpected fact;
Burrows and Bacon [18] have discovered, still by means of pro-
cipitation-diffusion, the presence of antigen VW in 27 out of
38 strains of PST isolated a short time previously from various
animal species, but the question raised by this discovery is
more complex than that of P. peetia. In effect, while the
virulence of PST for the mouse requires the presence of factor
VW, the virulence for the guinea pig is independent of this
factor [19]. Since, according to the same authors, this antigen
runs the risk of no longer being encountered after a few sub-
cultures of strains whose virulence nevertheless remains quite
marked, and since the live avirulent and protective strains had
been isolated a long time ago and subcultured many times, it is
improbable that this antigen plays a role in the PST-induced
immunity against plague. Hence, it is possible that antigens
other than F I and VW are wholly or partly responsible for the
protection induced in the guinea pig by the two microbial
species. The results of the precipitation-diffusion test are
valuable; they attest the complexity of the antigenic structure
of P. pe8tis and of PST without in any way solving the problem
raised by their immunological relationships, since PST provides
protection both against plague and pseudotuberculosis, while
P. peatie confers only a homologous immunity.

Without prejudging the nature of this antigen VW, we
have said above that we considered it as the dominant elament
among the factors which are responsible for the virulence of
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P. peatis, because the resistance of tis microorganism to the
phagocytosis which governs the evolution )f the infection is in-
timately linked with it. Thus, the EV strain which possesses
this antigen behaves like a strain resi-;tant to phagocytosis,
as has been observed by Burrows and Bacon. Although the English
and American scientists consider thnt VW does not intervene
directly as an immunogenic factor, for us it nevertheless plays
a great role in the immunization by LC EV strain which, of all
the attenuated and protective strains, has for a long time
shown itself to be of the sole type VW+. It is to this char-
acteristic -- as we have stated above -- that we must attribute
the temporary proliferation of the virus in the animal organism
where its vitality is preserved longer than that of the VW-
germs; thus, ai a result of a kind of transitory precautionary
measure, an immunitary process is established which tends to
duplicate that of a minor natural infection. Better than in an
in vitro culture, the virus is placed in vivo, within the tis-
sues, into ideal conditions of medium, temperature, pH, in
order to produce there the antigens which lead to the formation
of the protective antibodies and notably of fraction 1.

The interpretation given to the action of factor VW
does not seem to invalidate the truth of the opinion expressed
by the above-mentioned authors: it is to the in vivo produc-
tion of fraction 1 from the capsular substance that the EY
strain seems to owe its incontestable immunizing character.
The prolongation of this manufacture due to the persistence of
the virus in the organs supposedly makes up for the relatively
low P I concentration of the in vitro culture suspensions, if
we compare it with that of other VW- strains which, however,
are far from conferring the same degree of protection on the
guinea pig. This point of view expressed by K. F. Meyer during
a conversation which took place some years ago is probably notunlike that of Strong and Otten to which we have referred in
an earlier chapter.

It is permissible to reduce the importance of factor VW

in the profile of F I by stating that t~is antigen also has the
effect of partially inhibiting phagocytosib. Chen and Meyer
(24] have noted this phenomenon when adding this proteinic
fraction to normal rabbit blood; subsequently, Smith et al.
[136], who tested the soluble portion of the ultrasonic extract
of virulent plague bacilli, also attributed to F 1 the anti-
phagocytic activity of this extract which, however, contains
the antigen VW. Even though this constituent of all virulent
strains (and of strain EV), is linked to the resistance to
phagoeytosis, it does not seem to be its determinant element
which can probably be attributed to P I present in both the
VW# and VW- protective strains.

In this debate which leaves many obscure points unex-
plained, we shall limit ourselves to drawing an argument from
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II
an experimental fact to which our colleagues may perhaps not
have devoted sufficient attention. This argument offers con-
vincing proof of the fundamental difference which exists, with
regard to the antiphagocytic Potential, between the virus-
vaccines F I+'VW+ and F I+VW-. We have in mind the influence
exerted by cortisone on the behavior of white mice inoculated
with one or the other of the two tyres of antigens.

In 1955, Payne et al. [lil reported that the adminis-
tration of cortisone to mice prior to the inoculation of live
vaccines could, with certain strains such as EV 76 and
F.7793-10, lead to a much highvr mortality than in mice which
did not receive this hormone; these mortality rates were in
direct proportion to the cortisone dose injected between the
limits of 0.05 mg and 2.5 mg per mouse in the form of a single
intramuscular injection applied fIcur hours prior to tne vac-
cination. The death was accompanied by plague bacteremia and
by marked lesions of the liver and the spleen. Normally, we
know that with at least one of these strains (the best known,
EV) the hepatosplenic reactions are transitory, as is also the
case with the proliferation of the etiological agent which is
only rarely encountered after one week, even if 4,; ;ice suc-
cumb to intoxication or to an intercurrent affection; it is
also necessary that the dose administered attain or exceed
200,000 germs. Under the effect of cortisone, it was suffi-
zient to inoculate 10,000 cells -- although the inoculation in
this case had to be applied peritoneally -- to observe this
phenomenon; thus, in one of the authors' repoetz, wQ find
that out of three lots of 20 mice, only two mice survived
among those which had received 2.5 mg of cortisone prior to
the vaccine, 18 mice survived among those which had been vac-
cinated without cortisone and 19 among those which had received
the hormone alone. Now, with the A.1122 and Tjiwidej strains,
which are avirulent.and protective, cortisone caused no ab-
normal mortality under identical experimental conditions.

It goes without saying that we have attempted to verify
these experiments on the same strains, doing so by scrupulously
following the same experimental procedure; on the whole we
did confirm the results of our colleagues from San Francisco
(63a]. Nevertheless, the latter believed that the plague
bacilli obtained from mice by hemoculture are capable, after
several passages, o. recovering their virulence, which was
supposedly indicated by the fact that they had resisted phago-
cytosis. Experiments have invalidated this hypothesis. We
have carried out ten successive passages of our EV strain in
the peritoneum of mice which had been treated with cortisone,
and investigated the pathogenic power of each subculture iso- I
lated from the biood, Against our expectation, we have had to
increase, after the first passages, the dose of germs inocu-
lated, in order to maintain the mortality rate of mice to which
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the hormone had been administered at its initial level. After
the tenth operation the strain was subcutaneously inocuiated
in a large dose into a lot of 40 new mice, while an identical

4 number was given the same dose of a subculture of the ;,.rmal
EV strain. No difference was recorded as to the reactions of
the animals of the two groups; when 20 days later they were
tested for the degree of protection attained, the results were
similar in both groups. This finding is contrary to that gen- Iorally made when a serial passage of P. pestis strains, whose
fading virulence one would like to restore, is carried out in
mice or guinea pigs. In addition we have noted, analogously
to Payne et al., that cortisone caused the emergence of an
associated flora, Gram+ and Gram-, which forced us to carry out
multiple isolations in order to isolate pure colonies of EV in
the above-mentioned mice, even when the latter were sacrificed
in the diseased state in r-der to prevent the proiiferation of
the germs of the associa ., diora. We know that when P. peaeti
finds itself in competition with these microorganisms in a cul-
ture or in the tissues, its virulence and its vitality are
rapidly decreased. This microbial association, which is the
rule in mice treated with cortisone, ought to prevent a real in-
crease of the virulence of our strain. The mortality of the
mice was certainly attributable to the vaccinal strain, but it
followed a cortisone-induced failure of the phagocytic power
of the reticuloendothelial system, which by now is a classic

. notion (104]. From our observations we drew the conclusion that
r• cortisone should be absolutely ruled out in the treatment of

human plague.
Thus, in these experiments EV behaved like a virulent

strain. In effect there could not be any question of a toxic
mortality favored by the hormone, bccause in that case one
would have had to observe it also in the case of the A.1122
and Tjiwidej strains which are no less toxic than EV; in addi-
tion, some mice previously immunized by fraction 1 or by EV
virus-vaccine itself resisted the test with cortisone + EV.

This was the state of our research when Burrows and Bacon
published their first reports which brought to light the factors
which control the virulence of P. peetis. We then wondered
whether the presence of antigen VW did not account for the
phenomenon observed in the mouse treated with cortisone. How-
ever, in view of the saying "testie unus, testis nuZ~us," we
had to search among the strains of attenuated and protective
virulence whether there were some additional ones which, like
EV, were VV+. There were two strains which satisfied this re-
quirement: one, F.7793-10 which had already been known as one
endowed with a high immunizing power for the mouse, which we
have already mentioned [146], and which Payne et al. had classi-

ifed, with OV, as a pathogen for the mouse treated with corti-
#one; and the other, Harbin strain, which had been studied by
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Otten sote time ago and whiskh he rtgardee as virulent in 1936
[108], then as avirulent two years later, and which was highly
protective for the guinea pig -- analogously to EV -- contrary
to his Tjiwidej strain [107]; we maintained this strain in our
laboratory. Strain F.7793-10 was kindly sent to us by K. F.
Meyer, and we noted that it protected the guinea pig just as
efficiently as EV. The situation wa the same with the Harbin
strain which also produced an unusually high mortality rate in
cortisone-treated mice. Doctor Burrows, to whose competence
we addressed ourselves in order to learn whether these two
strains were VIV+, replied in the affirmative. Thus, there was
indeed a correlation between the existence of factor VW and the
apparent increase of the virulence for mice wh'ich were under
the effect of cortisone, while nothing of the sort took place
with the VW- strains.

Kozakevich ot al. [91] have later confirmed th6 role of
cortisone in the weakening of the resistance of susliks to
inoculation with the EV strain. They noted, in addition, that
the hormone considerably increased the sensitivity of these
rodents to a virulent infection. This fact was exploited by
Shtel'man [134] for the detectiun of a latent natural infection
in rodents. He has, in fact, reported after experiments on
Merionee meridianue, a speci-.s of the genus Gerbillinae, that
it was possible to demonstrate P. peatis in the liver or spleen
of animals survivi.ng the infection and whose autopsy, after
sacrifice on the 12th day, did not reveal any l•icn Ah.z ..
ground tissue liomogenates were injected into mice previously
treated with cortisone.

Note. Cortisone in no way modifies the mode of reaction
of the guinea -iq to strain EV. Thus, of ten guinea pigs inoc-
ulated intraperitoneally with 500,000,000 live germs, five of
whom had received S cg of cortisone intramuscularly four hours
previously, two died from each group between the 5th and 9th day
with the usual reactional splenic lesions without bacteriemia;
the three survivo-rs from each group, *ested one month later ac-
cording to our technique, were perfectly immunized (TI).

Parallel to the effect of cortisone, iron exerts the same
type of action in mice inoculated intraperitoneally with rather
small doses of EV which are supported by the controls without
any harm. This was demonstrated by Jackson and Burrows [89].
Following these authors, we, too, have obtained the same re-
cults (unpublished); 0,2 mi of a filtered solution of 0.1 per-
cent iron sulfate (or 40 jig of iron), injected into the peri-
toneum simultaneously with the microbial suspension (about
50,000 germs) causes a high mortality rate, while at this dose
the iron alone is perfectly tolerated. On autopsy of the mice
the findings were similar to those shown by the mice treated
with cortisone. Prom this, Jackson and Burrows inferred that
iron increases the virulence of the EV strain in vivo, while it
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has no effect on other avirulent and protective strains such asA.1122 and Tjiwidej. Now the latte stecain is Pt, i.e., it a
utilizes iron in vivo in order to yield pigmented colonies, con-
trary to the EV strain. Hence, it must metabolize the iron also
in vivo, and still its virulence is not modified. Do we not
have sufficient grounds to attributc the indifference of these
two strains to the administration of iron in vivo to the absenceI. of the VW factor in these strains? Contrary to the interpreta-
tion of Jackson and Burrows, who believe that the EV metabolizes
the iron in vivo and not in vitro, as a result of which an in-
crease of its virulence takes place, we believe rather in the
existence of a process whose course would be analogous to that
caused by cortisone: decrease of the phagocytic action under
the effect of iron whose affinity for the RES is well known;
in this way, the latter would undergo a relative blockade. Let
us add that, according to Jackson and Burrows, no metallic salt
other than an iron salt is active under the indicated experi-
mental conditions.

Finally, a last characteristic brought to light more re-
cently tends to classify EV among the virulent strains. Higuchi
and Smith [78] showed that on an agar medium with magnesium
oxalate, only the avirulent elements of P. pestia multiplied at
37', in effect, at this temperature the virulent organisms re-
qure the presence of calcium. Higuchi and Smith have seeded
their medium with lighly diluted solutions (about 100 cells)
prepared with 12 stratns -- of them, six virulent and six aviru-

"t -- coap21rsing -notably the strains VJ, A.I122 an4l Tjiwidej.
An identical seeding was carried out on blood-agar for control.
None of the virulent strains yielded colonies on the magnesium1 oxalate agar, while on the blood-agar their number ranged from
IS to 110. The avirulent strains gave a number of colonieswhich was more or less the same on both media, with the excep-
tion of EV, which behaved like a fully virulent strain: 0 col-
ony on oxalated mediir, 20 on the blood-agar. While A.1122 and
Tjiwidej are present among the six avirulent strains, Harbin
&ad F.7793-10 are absent. We hope that this gap will be filled
in order to prove, if necessary, the predominance of FW÷ among
the factors which determine the virulence of P. pestie, and es-
pecially its degree of resistance to phagocytosis.

In short, it follows that several facts converge in at-
tributing to EV strain an incontestable degree of virulence, and
we can understand perfectly well why Lawton Et al. 193]. who
classify the plague strains simply into two categories, virulent
and avirulent, place EV after the former and immediately before
the latter, by writing "avirulent?." This question mark re-
flects the authors' scruples in regard to classying a micro-
organisma virulent (pathogenic), when several million inocula-
tions have been carried out with this agent In humans without
the least accident or even a serious incident.
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In t-uth, "o•Id iit ,vt b, nar. r'ai to reserve to the
strains of tp,*,at- virulence a pIace Intermediate between.
the truly vir,:lcnt and aviruie;,t onc: , keeping in mind the def-
initions which we have recalled aiove? Burrows, as we have
seen, has been "ed to adopt ti"is conce_-pt [12) on the basis of
the modes of reaction of the niouse and guinea pig to the in-

oculation of these btrains. In this rc-ard, the animal experi- "
ments and the antigenic analyses shoiin 6 the presence of
factor VW are in agreement in giving the EV, Harbin and F.7793-
10 strains a privileged rank in the category of protective
strains of attenuated virulence.

,etA-culoendothelial System (RES)
and EV Virus-Vaccine

The importaice of the role played by the RES in the im-
munitary process whose culmination is the increase of the
phagocytic potential toward P. pestis of the elements of this
system (Fig. 4) has been demonstrated by Bablet with the EV
strain [6], and then later by Meyer in a broader perspective
[101]. Bablet has exp:'-ssly underlined that the splenic reac-
tions which are so manifest in the case cf the live EV strain
in the guinea pig are nonexistent with a killed vaccine.

. -" '.•..- -4

V.4I

Fig. 4. Film Prepared by Impression of a Mouse Lung 7 Hours I

After Intranusal Instillation of Avirulent Strain EV 76.
Note phagecytosis by the reticuloendothelial cells.
(Giemsa, x 1500) (according to K. F. Meyer).
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The wcrk of the Rusian "ut-urs points to the same
direction. he have already mentionc6 in the first part of this
article how much Korobkhova and Krainova were interested in
vaccination by live germs, and notably in the use of our virus-
vaccine in the immunization against experimental pneumonic
plague [88]. We have also cited th.ýir colleagues Pokrovskaya
and Kaganova who had administered the virus-vaccine to volun-
teers by inhalation, without any incident, after having sub-
jected themselves to this experimrn,,. However, this audacious
experiment was only the practical confirmation of a thorough
study of the mechanism of antiplague immunity in the guinea
pig, which convinced these authors of the innocuousness and
effectiveness of this mode of immu.iization [113]. In the first
place, they noted (following Bablet with whose publications
they were unfamiliar) that live vaccines produce a marked re-
action of the macrophages wnich are produced neither by the
killed vaccines nor the live strains whose protective power is
zero or .nsignificant. In the protoplasm of the macrophage of
an immunized organism, the bijpolir elements "dissolve like
sugar in water" (sic). Following this phagocytic process the
macrophage remains intact, in contrast to that of the non-
immune organisz4. Pokrovska. a and Kuganova add in this con-
nection that one frequently fails to demonstrate the prasence
of an immunizing substance in the blood of these animals, a
phenomenon which they express in the following imaginative man-
ner: "In the blood of plague patients, these 'antibodies' are
found to be enclosed in the cells like A valuable liqueur in its
bottle, so that, in order to obtain a small amount of the con-
tents, it is necessary to break the vessel, in this case the
cell."

However, it is the histological tests carried out during
the process which bets in in the lung when this organ is at-
tacked that have particularly captured these authors' attention.
According to them, the lung is in an unfavored position with
respecL io vij ai.xuuLiun vi tne ,itstiocytes when cozpared
with the spleen or the liver; this, in their opinion, is the
reason which accounts for its low resistance and the difficulty
encountered in the immunization against pneumonic plague. The
subcutaneous way of administration allegedly fails to remedy
this histiocyte deficiency of the lungs and, when the latter
are affected, the orjanism may succumb despite the fact that it
had been appropriately vaccined with a virus-vaccine. Above we
have mentioned this problem of the immunization of the guinea
pig against e#perimertal plague pneumonia with live EV adminis-
tered subcutaneously or by an ocular route, and noted the re-
sistance of this animal which was confirmed about five years
*,o in our laboratory, but it is nevertheless true that some
failures have been recorded. To remedy these failures, Pokrov-
skaya and Kaganova have attempto to increase the activity of
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,he pulmonary RIES by means of rep1a1 ed irZhalaton:, o- 1ive
vaccine, using tlhe EV and AMP :-trains witl-, i ii - •,lzir i;u s.
in this area these authors opond on Dcsredka's authority if,
the fiela of fcCal immunization. Let uF sum un their conclu-
sions: In the. guinea pigs wnich had received the x'accife sub-
cutaneously and by inhalation and then tested by nas;al inhala-
tion of virulent germs, the sarvival rat:-. was 80 p)ercent com-
pared with 60 percent after vacciaation by the subcutaneous
routc alone; the mortality of the controls w-s 100 percent.
The histological examinations have shewn that bI reneqcd in-
halatio,., the mesenchymatous clements arc stimulated, and a
histiocytosis develops in rh.e l,.ngs, v-hilc efficacious poly
nuclear leukocytes make their appearance and cLntribute 'o.ord
increasing the number of cells which participate in their pro-
tection.

The subsequent i.L.munity permits thL lung to comavat the
plague infection with a degree of succ.2ss equal to that of any
other organ.

Without having carried out a comparable cytological
study, Meyer undertook an experiment whose results confirm the
well-foundedness of the conclusions formulated by tlo Russian
authors; this is worth mentionin- here because the animals
were immunized with the EV virus-vaccine; guinea pigs vaccin-
ated by means of intranasal instill~tiorn (175,000 germs) were
tested 21 days later by making them inhale a virulent suspen-
sion; by inocul.ation, the number of microorganisns revching
the lungs was counted at times 0 and showed, on the average,
1,025 germs in the non-immune animals ,.nd 9215 in the immune
ones. Four hours later, the number of viable bacilli was re-
duced in both groups to 1/10 of tile initial value of the in-
oculum; in this stage the phagocytosis operated indistinctly
as in the case of a subcutaneous infection. The multiplication
increased between the 12th and 24th hours, and then progres'sed
without hindrance in the controls, while the vaccinated animals
showed the onset of a rapid and total sterilization of the

lungs; after 24 hours, the former group gave a germ count oi
24,000, the latter group, 13, and after 72 hours, the first
group 62 million and the second group, 0.

The primordial role played by the--spleen in the prolif-
eration of reticular and endothelial elements during the in.-
munization by the EV virus-vaccine, confirmed in the guinea pig
by Bablet, does not seem to be of any lesser importance in
mice, according to the histological tests of J. Levaditi (per-
sonal communication). Jawetz and Meyer [811 have confirmed
Bablez's hisT,-logical data in mice, using the avirulent pro-
tective strain A.1122. Hence, we have .,considered it of inter-
est to compare the reactions of two groups of mice to the
vaccine: normal mice and those which had previously undergone

splenectomy and had completely recovered from the surgical
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shock. We presumed that the ablation of the spleen would re-
duce the possibilities of immunization; the experiment con-
firmed this hypothesis [63]; the EV virus-vaccine, given in a
A ¶ . . . .. -.. ..... of the
spleen than by the normal mouse. In addition, the splenectomy
impedes the immunitary process initiated by the subcutaneous
inoculation of the vaccine, as is shown by the fillowing mor-
tality rates after the virulence test: 50 percent in the
vaccinated splenectomized lot, 10 percent in the vaccinated
control lot, and 100 percent in the non-vaccinated controls.

Note. While the existence of three varities of P. peetis
which dTer from each other with respect to certain stable
biochemical characteristics and especially with respect to
their particular geographic distribution i- now accepted, the
m odes of human infection are independent of the variety causing
it; from the physiopathological point of view, the existence
of Yersin's bacillus in one form only has not been challenged
[64].

Apparently no differences in antigenic structure have
been demonstrates up to now for the three types, called "orien-
talis, antiqua and medi!L'elas" (Devignat), at least as far as
the majoi factors -- F 1, VW and toxin -- are concerned. As for
the EV virus-vaccine which derives from an "oriental" strain as
do all others which have been imported by a sea route during
the modern pandemia, its immunizing power is the same in all
experimental infections produced in the guinea pig or the mouse
by any one of the three varieties mentioned above [65].

Behavior of the Guinea Pig and the Mouse
Inoculated with EV Virus-Vaccine

by the Cerebral Route

Because of the neurotropism of the plague toxin whose
action is exerted essentially on the central nervous system,
we had thought of carrying out serial passages via guinea-pig
brain in order to obtain cultures whose increased toxicity
would, eventually, permit the preparation of a "formolated"
toxin of the anatoxin type, since the behavior of the plague
poison of proteinic constitution toward formol and heat is that
of an exotoxin. Both in the case of the EV strain and of a
virulent strain this objective was attained only after 12 pass-
ages. On his part, our colleague J. Bablet carried out thehistological examination of the brain of guinea pigs which did
not resist these inoculations. The results of these experi-
ments carried out in 1942-1943 have never been published; be-
low we shall sum up the conclusions of these tests, which fit
into the framework of our topic::'

a) A dose of 300,000 live germs (EV) leads to the death
of the guinea pig within 40 to 72'hours, with lesions analogous
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A
to those of the animals which receive approximately 1000 viru-lent organisms: thickening and congestion of the highly in-
filtrated meninges; numerous, polynuclear leukocytes in theventricles and the choroid plexuse.<; microibscess in the
parenchyma in the vicinity of the v.ntricles. In both groups
of animals the etiologicai agent, which does not proliferate
in the cerebral tissue as it does -n the spleen or liver of ananimal which has died of acute plague, is always recoverable
by inoculation of the brain. Kow'ývcr, the blood, spleen, andliver are invaded only by :he viruc.'znt germ, never by EV, andfurtherm.re this invasion is not consistent; it is of moderate
intensity and is detected by culture. The evolution of theprocess was much too rapid to permit the development of classichepatic and spienic lesions; for Bablet, the death was at-
tributable to the intoxication rather than to the infection.

b) Guinea pi',s suitably vaccinated and then subjected,
without damage, to the virulence test which reinforces their
immunity, possess - Y a limited resistance to the inoculation
of EV in the hrain. rhey sometimes die only after severalweeks, after navil.g de eloped vast cerebral abscesses in whichs seeding still permits t''- isol~iton of the coccus bacillus.
Babl-t rehar:ed this sl'w evolution and these delapidatedstaces which are reve-.theless compatible with an extended sur-
vival 1,erio4, as ha'vng a certain analogy with his prior ob-
servations in thk rabbit which he had inoculated with BCG by
the same "oute (personal communication).More xecently, J. Levaditi has resumed his experiments
uf the sise type on the mouse, by including these tests in an
overall stuJy of experimental virulence or avirulence on thebasis of tii data of histopathological tests [95]. As far asP. peat• is concerned, he compared the effects of the cerebral
inoculation of a virulent strain and of EV in new mice and in
previously immunized mice. The overall conclusions which our
coll,,,•_•u was kind to communicate to us prior 'zo their publica-
tion stress that mice inoculated with EV support this testmuch more readily than those which receive a virulent germ,
which causes death in 48 hours. After sacrificing the first
group after 3, 5 or 7 days, a microbial proliferation.is notedwhich is hardly less abundant than in the second group; how-
ever, while the germs are freely dispersed in all animals, the
cerebral vessels and the cells of their endothelia are invadedonly by the virulent germs, never by EV, All the mi. -e present
signs of an acute meningitis, but the septicemia which is therule in the case of the virulent strain is absent with EV. An-other difference has also been noted: an afflux of polynuclear
cells in the case of EV, and their absence in the case of the
virulent strain. On about the fifth day, this polynuclear re-aztion (suppurative meningitis) is still present, with rarefac-tion of EV whose elements are no longer visible on the seventhday.
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I
When the experiment was carried out with the virulent

strain-on mice solidly immunized with EV and the immunity in-
creased by a subcutaneous virulent inoculation, the strain be-
haves like the EV strain and would be considered as partially
or completely avirulent.

In conclusion, it must be admitted that the antiplague
immunity is not always un absolute one, anc that the brain can-
not always be vaccinated. We understand why J. Levaditi askedthe question: Do the physio.ogi41...... h are caused
by the cerebral test drown the immunity? As far as we are con-
cerned, we regard this marked absence of cerebral immunity in
animals which, moreover, are solidly immunized with the EV
vaccine as an evidence of a correlation with the tardive men -
ingic complications which have been reported in human plague
which had apparently been cured by serotherapy (prior to the
advent of antibiotics). The process develops insidiously dur-
ing convalescence and leads to death within a few weeks or
even months. Meyer et al. followed by others (quoted by Pollit-
zer [114]) have gathered together the most recent observations
relating to this subject; these cases exhibit meningo-encephal-
itis lesions with abscess, in whose pus P. pestis may be iden-
tified. We could mention an (unpublished) personal case of
ours, a patient suffering from bubonic p~ague who was treated
at Tananarive with serum; after returning t(. the city, this
patient died of a brain abscess which ha4 been operated as an
extreme measure after several months of neuropsychiatric mani-
festations and loss of vision. Although the circumstances did
not permit us to take samnles, the nature oZ these accidents
does not seem to be in doubt, in view of their analogy with
those reported by the precediag authors.

PHomclogouf Inte.:forenze Aetween the EV Strain
and the Virulent Strain of P. peetia

The phenorencn wlich we hzv2 observed and described
[66] without designating it by the term "interference" neverthe-
less responds to tnis designation. The experiments relating
to this subject were base4 cn cur rcflections regarding the
heterogeneity of the cultures of P. peetie, which had already
been recognized by Yersin r152] who considered this to be the
reason for the dissociation taking place within the same mi-
crobial strain whooe colonies may exhibit variable degrees of
virulence. Otten [107] demonstrated the existence of this dis-
sociation. We shall see later that this dissociation is accel-
erated under the influcnce cf certain factors, and that it is
important to try to prevent it if we want to preierve the char-
acteristics of the EV strain as intact as pobsible.

With regard to Haffkine's limph, we have stateO [55]
that the heating to 55" for 15 minutes of a viru'ent suspension
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was capable not to destroy the vitality of all germs without,
at the same time, causing an accident in the guinea pig which,

- moreover, was greatly benefited by the immunization. When we
formerly noted that certain, but not all, guinea pigs died upon
intraperitoneal inoculation of a large dose of virus-vaccine, we
wondered whether a few highly virulent germs, which would be re-
sponsible for this mortality, did not subsist within the mass of
avirulent or attenuated elements; but how could we prove this
except by studying thousands of isolated colonies, something that
is phy i.ally ...... An increase of the virulence of the
cultures of the peritoneal serosa, mentioned in our first reports
[55a] led us in 1935 to isolate from our strain a single colony
from which all the subcultures -- EV 76 -- are derived, subcul-
tures which were used by us both in the laboratory and in human
vaccination, and which had been request. . from us, and where the
figure 76 was sometimes followed by an "i" to distinguish them
from EV 76 "t," a symbol for the "total" initial culture. Robic
[122] had the idea, in 1941, to take a tube of this culture,
which had been preserved in the refrigerator for 10 years, b~ck
to Tananarive and to study its behavior.

He succeeded in increasing its virulence by repeated
passages in the guinea pig whose hemoculture furnished the sub-
cultures required by this experiment. It is in this manner
that, this time administered subcutaneously and not peritoneal-
ly, a relatively weak dose of the broth culture led to the
death of the guinea pig within 6-12 days, and to the death of
rats and mice in three days; the cause of death was septicemia.
Since we, too, had this culture at our disposal we confirmed
these results in Paris. We believe that an experimental arti-
fice was 'responsible for the selection of virulent cells which

were not detectable by our usual control tests. We have not
had recourse to this artifice with culture 76 i, but it is not
impossible that the conclusion would have been different. We
were limited to the control of colonies isolated from blood or
from the spleen of guinea pigs and mice sacrificed after the
inoculation of massive doses of vaccine, or from the product
resulting from the puncture of cutaneous nodules which developed
after intradermal inoculation, and finally after hemoculture
in cortisone-treated mice. We have failed to detect a colony
which showeu an abnormal virulence. The case was the same for
colonies recovered after lyophilization. We then learned about
a pakr of Yegian and Budd [150], showing that the presence of
a small number of virulent mutants in a strain of BCG could
not, in all certainty, be detected by passage in the guinea pig.
On the basis of this information we inoculated mice with a
strong dose of EV virus-vaccine treated with 20-200 lethal
doses of virulent P. peetis; later, other groups of mice were
treated with vaccine and virulent suspension, these agents
being separately administered either at the same time or with
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an interval of Z-24 hours between the two inoculations, the
XO virulent suspension always preceding the virus-vaccine. In

five experiments with a total of 100 mice, using an equal num-
ber of controls, only one of which survived the virulent test,
67 resisted, and the latter, sacrificed three weeks later in a
perfect state of health, showed no lesions other than a few

*, cicatrices of small splenic nodules which are usually encoun-
teroed after the inoculation of a heavy dose of virus-vaccine;
no plague baciili were detectable. If we substitute the live

* vaccine by an equal dose of EV killed by heat, the results are
still significant but much worse than the preceding ones; there
is a 28 percent survival rate, and 3 percont in the controls.
However, when the virulent inoculation preceded that of the EV
vaccine -- live or killed -- even by three hours the mice do
not show the least resistance, and react like the controls.

This experimental balance sheet calls for attention.
A priori, we were led to consider the existence of an acceler-
ated evolution of the mixed infection, because we added to a
severe virulence test the administration of a massive dose of
germs possessing an attenuated virulence. We have discussed
this hypothesis in [66]. It would seem that these germs led to
the multiplication of the virulent ones which, by their nature,
ought to develop first, with the consequences attested by the
controls. It cannot be claimed that the process which led to
the resistance of the mice subjected to the mixed inoculation

-involves a sort of camouflage or robbing of the virulent
elements by the mass of avirulent elements; if things were that
simple the latter, whether live or dead, would have given com-(;, parable results. However, the killed germs were found to be
sauch less favorable than an equal number of live ones. Fur-
thermoro, it would not be possible to envisage a protection by

Sspecific antibodies whose production which, true enough, is
quite fast in the case of the virus-vaccine, does not take
place immediately. Perhaps the explanation of this paradox re-
sides in a process of the same type as that reported by Landy
and Pillemer [92], and Rowley [128] on the stimulation of the
natural immunity in the mice after the administration of bac-
terial liposaccharides of diverse origin, as has been suggested
to us by our colleague R. Laport, who is highly informed about
everything pertaining to immunology.

To verify this hypothesis, we undertook a series of ex-
t eriments the results of which were never published. We now

_ •ave the opportunity of summarizing these experiments and our
conclusions drawn from them.

1. We repeated the preceding experiments by the iden-
tical method, substituting the EV vaccine by the strain of
Dalonola typhi 0.901, received from our colleague Le Minor,
who assured us that this strain was completely innocuous when
"massive doses were subcutaneously inoculated into the mouse
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(50 to 100 million organisms While not as marked as with the

EV strain, the results were :nevertheless still significant:
with the live 0.901 strain, 40 percent of the animals survived
compared with 0 percent in Cie controls, however, when the
Salmonella was killed by heating, not a single mouse was re-
sistant to the infection, and the average time of onset of the
infection was the same as in the controls*.

2. If the live 0.901 is administered 24 Uours or more
prior to the virulent suspension, the mortality is absolute.
With live EV the case is quite different, and by spacing the
two inoculations at 24, 48 .....- hour intervals up to 10 days,
we made the following observations:

After 24 hours the surviva7 rate, which was as higiA as
67 percent when the operation! were carried out simultaneously,
is only 42 percent; the percentage rises to 50 after 2 and 3
days, then to 70 percent on the fourth day, and attains the
figure of 88 percent and stays there aiter th• fifth day.

From these experimental data two concepts arise:
The first is that the presence of some virulent elements

in a suspension of antiplague virus-vaccine such as EV whose
density is not less than 500 millions of germs per ml cannot
be detected by inoculation into the mouse, the rodent most re-
ceptive to plague infection. Hence, it is impossible to know
whether the activity of the vaccine is due to the persistence
of a small number of virulent cells or of mutants exhibiting
this characteristic within an avirulent mass; nevertheless the
fact of having studied a number of isolated colonies all of
which seemed to us to possess a similar protective power would
rather point to the inaccuracy of this hypothesis.

The second concept, which goes beyond the objectives
which we had assigned to ourselves in the beginning, is the re-
sult of our most recent experiments; the latter tend to con-
firm the thesis of the above-mentioned authors regarding the
stimulation of natural defense by a mechanism which is differ-
ent from that resulting from the specific immunization and
which exhibits a singular contrast even with the latter. In a
single case, that of mixed inoculation, the Salmonella does not
behave like EV, and the resistance of the mouse can be attrib-
uted only to an increase of its natural defense, because ex-
perience proves that strain 0.901 is devoid of all protective
power against plague infection. However, with EV, this
aspecific power only precedes that which causes the classical
immunization which sets in rapidly; our results indicate that

*A cholera vibrio which, when subcutaneously adminis-
tered, is supported by the mouse in large doses, and which was
used in an experiment in place of S. typhi 0.901, showed no
effect on the evolution of the infection; the mortality rate
was 100 percent, as in the controls.
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4P"he protection conferred after the administration of a heavy
7 dose of vacrctl misriifests itself after the third day, and

reaches itcs poi on the filth,0nteOatcldmith ueirt falv
microbe over a killed microbe is clearly reflected by the non-
specific stimulation of the resistance of the mouse, as it
takes place witLA the virus-vaccine EV from the point of view
of the specific imimunization.

The phenomenon of interfortnce which we are discussing
here takes place only under strictly limited con41tions*. We
Ai., not-horve tD rcfcr here tc t'ýe problem of bacterlil inter-
-firence In general, whether this interference isIbomblogous orT-. heterologous. Let us stress only that the acute infection
analogous to the natural disease which the plague bacillus pro-
duces# in the laboratory in sensitive rodents makes this miecr-

organism eminently suitable for the study of a phenomenon whoseI mechanism is far from being clarified as yet.
Preservation of the Properties o., Strain EV

In his letter which encouraged us to proceed in our
studies along tila pith which we ht"d chosen, Mr. Roux advised
us, in addition, to seek out f:o~' among th~e other strains of
plague bacilli which had become aviruleni those which eon-

*stituted good antigens and he added that "in this way yot" will
have several possibilities. This requires an efficient book-
keeping."

This recommendation was a pertinent one; it was based
(N on the first publications of Yersin and Carr6 [151] who hadI

noted the variability of the antigenic value of the colonies
originating from attenuated strains after a few months of
preservation, and-the loss of this quality after subculture
simultaneously with the disappearance of the residual virulence
with which their protective power was linked. While the term
"dissociation" had not yet been fully accepted in our science,
Yorsin was nevertheless aware of this concept on the eve of its
discovery. Mr. Roux had good reasons to believe that the EV
strain would lose its immunizing power more or less rapidly,
and since we had adopted the principle of vaccination by a
virus-vaccine, we ought to have at our disposal certain substi-
tute strains which possess the required characteristics. But,
as we have stated, of several attenuated strains recognized to
possess protective power, only the EV conferred a long-term
immunity on the guinea pig, and we had to devote all our atten-
tion to preserving this strain with this dominant characteristic
after it was decided to employ it in man.

-r tclho I o ~iller~olnijuyt! Se~edo.hvith
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The desired degree of attenuation was attained after five
I ~. years of monthly subculture at 26-28'C; afterward, these sub-

cultures were limited to two per year and the three-day subcul-
tures were placed into the refrigerator and maintained there at
around *4*. The sole medium employed was Martin broth agar at
pH 7. While it was possible for the preparation of vaccine
batches to have recourse to peptone agar when we were surprised
to discover that the broth contair..i sbstances which inhibited
the initial growth of weak inocula of P. peatis (67], we always
preferred, as a preservation medium, Martin agar widely inocu-
lated on the surface or at the bottom, some of the tubes being
sealed and the others carefully capped in order to maintain a
S-:-tz dr--ee o,- Jvýiridity within.

Of the factors capable of modifying the qua~iiie, of
strain EV in the sense of an attenuation, the temperature is no
doubt the most important. The prescription of preserving the
cultures in the refrigerator at a temperature of about ÷4* is
very important. The proof for this was furnished by Robic
[122] when, carrying out our first studies in this respect, he
reported that a culture of EV, subcultured in parallel to EV 76
but preserved at laboratory temperature (about 20*C) had after
three years practically lost its protective power as well as
that of producing the characteristic splenic reactions in the
guinea pig after inoculation of a heavy dose by the peritoneal
route. Moreover, experience has taught us a long time ago
something which was unknown at the end of the last century,
namely, that whereas the vitality of a strain of P. pestis is
only slowly influenced in a liquid preservation medium below
25", the preservation of its virulence requires that it be kept
in the refrigerator, a notion which has become classical in our
specialty Zince then, but the lack of awareness of this fact
was surely responsible for the rapid drops of virulence which
Yersin had observed in his ciiltres exposed for part of the
year to the tropical heat. Not less prejudicial are the abrupt
temperature changes to which cultures sent to far-away places
are exposed if no special precautions are taken. Before
using airplanes to this end, and before it could be guaranteed
that the package would be protected from great temperature
changes between the time of its mailing by the sending labora-
tory and its arrival at the receiving laboratory, transportation
by sea was certainly responsible for some of the surprises ex-
porienced by some researchers who had received the EV strain.
We gave some examples of this at the beginning of the present
paper, and we were even able to confirm in the case of cultures
returned to us for control that a notable loss of the qualities
of the strain had occurred, compared with the strain maintained
in our laboratory. On his part, Otten has experienced a par-
ticularly instructive misfortune with his Tjiwidej rtrain [107].
After returning to Sandung, following a stay in Holland, he
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rosused his studies by using the culture which he had taken
from Europe and which he had preserved in deep agar without any

O special precautions. For thc first time since the beginning of
his studies (1230), he noted a loss of the antirenic power of
his strain.k He thought that this could be attributed to a dis-
siastion of the colonies, some of which appeared to him
. orphologically &typical, but vaccines prepared with all these
types were found to be devoid of any effectiveness. He then
tested a sample which had been continuously preserved in Ban-
dung in the refrigerator, and found that its original immuniz-
lag power had not undergone any change. Much has been written
about the variations in the appearance of P. peatis colonies
and Tersin had already pointed out that there were dwarfs and
jgiants among then after the initial seeding of the material
"takes i*v an% - u= =Ial; Iizweyer, we know •b•t these diffz-
ences are not stable, as is shown by subsequent subculturing.
Then there were the types R an,' S, which were described by
analogy with microorganisms such as the enterobacteria, where
these characteristics are accompanied by profound modifications
of the antigenic structure. Without dwelling on this topic
too long, we shall state only that the morphological appear-
£aco of the P. p"atie colonies in no way prejudges their anti-
5elic quality. It was even possible to abandon the expressions
It and S and replace thea by the labels "smooth" and "non-
smooth," the latter, equivalent to R, being the attribute-of
thi most virulent colonies. Now, in the case of the EV strain.
we have observed all these types without being able to derive
from then amy walti data for the practical field of immuniza-
tiso. ge shall see later on how it is possible to change from
onie type to the other when we discuss the studies carried out
ti order to regenerate or reinforce the eventually decreasing
stremgh of strain EV. However, in 1959 Wake [148] described
asether morphological variety -- the third colonial form --
discovered in all strains of P. pestis maintained on artificial
mediae without animal passage, or simply stored for several
momths at O-S5C, thus independently of their degree of viru-
1osce, their antigenic structure and their protective power.
The culture medium employed was nitritive agar treated with
10 percent bovine blood. The author hPressed that by their
rapid growth. their size, their capacity and the degree of
their whitoness, these colonies could be classified into R and
S (or smooth and non-snooth) types. The cells have the form
of coccl rather than coccus bacilli and, when subcultured in
broth, render the sedium uniformly turbid. Finaily, this third
variety was also isolated from the organism of ismunized ani-
mals which had resisted a virulence test.

The importance which we attach to this work resides in
Sthe observations made by Wake on the EV strain and in the con-
meats relating to theose observations. Starting from an iso-
lated colony of the smooth type, he carried out a series of
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subcultures at 370C from one singular colony to the next. At
the llth subculture, of 334 smooth colonies three were mani-
festly of the "third colonial forem," and the cultures deriving
from them had a toxicity that was six times weaker than that of
the parent strain; fraction 1 of the capsular antigen was no
longer detectable by precipitation-diffusion on agar. When
virulent strains are subjected to an identical experimental pro-
cedure, this result is confirmed by the loss of virulence. The
protective power of the suspensions of these live organisms is
insignificant or zero. As far as the EV strain is concerned,
the author considers it legitimate -- something which we have
always maintained -- to link the protective value of our virus-
vaccine to the permanence of a partial virulence and of the
toxicity of the strain from which it originated. If it were
necessary, the method used by Wake would prove how the disso-
ciation of P. peatis is favored by a succession of subcultures,
•peciazly a: 37C. which exclude the maintenance of the cul-
tures in the refrigerator in the interval. However, the author
places this phenomenon into a much too narrow framework be-
cause, apart from his "third colonial form," the strains devoid
of all antigenic power (e.g., Pecha) do not "iif.Cer with respect
to the appearance of their cilonies from most others, except
perhaps by a delay in growth and by lean cultures, in contrast
to those of the type defined by the Japanese author which ap-
pear after the sixth laur. At the present time, we find it
impossible to state what are the faýZors which, apart from the
temperatuLt, intervene in the maintenance or the loss of the
integrity of the original characteristics of P. Festia. Our
practice spanning a period of 30 years has convinced us that
the mode of maintenance and preservation of the strain EV which
we have adopted and perfected does not cause a deterioration in
quality. Until now we have ruled out the use of lyophilization,
despite the vogue which this technique is currently enjoying in
microbiology, because of the uncertainties which this method
would present for P. peetie in general and the EV strain in
in particular. The following considerations justify our reser-
vations.

If one's objective is only to preserve the vitality of
the strain with its initial characteristics, then there is no
reason or need to abandon a simple and convenient technique
which has stood the test of time. The interest of lyophiliza-
tion which is of a considerable advantage for microorganiSas
other than P. pestia would reside, for us, in the possibility
of preparing a stable dried virus-vaccine which is not too sen-
sitive to temperature variations and which, after re-suspena-
sion, wou"d permit the immunization of man (which is the case
for BCG); this would represent a major advance because it S
would remedy the great inconvenience of not being able to store
a vaccine for more than 1S hours, so that in current practice
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'this vaccine must be prepared on the spot. A first question
aroso in this connection: would not the freezing followed by
Arying cause a dissociation which would take place in an un-
-predictable direction depending on the degree of virulence of
th.. cells which have remained viable? From this angle we have
-not noted any anomalies and the cultureA of several colonies4I recovered after 1yophilization have~ conferred on the mouse a
ýsatisfactory protection and normal reactions. Working alone
or with J.. Courdurier. several batches of ampoules were pro-
pawed. and tility have yielded rather divergent results with re-
g~ard to the count of surviving germs. A few ampoules of this
"tdr~y" vaccine were sent in 1951 to Tananarive where Robic (123J
successfully tested them after having stored them at +4* for
.5-12 months; -the count uf live germs anid ý.he immunization of

_th~e guinsta ilge gave the expected results. In volunteers who
war* inoculated with this vaccine, the latter produced theI ~usual reactions. B~y contrast, a second shipment in 1952 [124]
'gave disappointing results. On this occasion our colleage
made an important observation -- that the germs became fragile
after r~suspeasiaa.. znd their count dropped to 0 when the seed-
ing was carried out after a few hourz, whi-ch had never been
abservad bofore in the ampoules of vaccine preserved at +4*C.
eve2As hn the storage period extended for several mouths. At
tkat time [68] we stressed how loug-lived the plague bacillus
was Ahen suspended in physiological saline solution, even if
Use latter was not buffered, and the use which we have made of
this property in the elaboration of a method of detection of
human plagur. before mand after death. The lyophilization was
pzvbably. responsible for this incident, but we were ablzc t.

frAw the subculture of an old. non-lyophilized culture. This
is a, Alow ad important fact; it must be taken ina.o account in
fte Cout*~ol of the strain because, ..f it became generalized,
It wouald indicate a profourd modification of its behavior.
1. F. Neyc: of San Francisco had used lyophilizatiori which he
**sid~esd to be the ideal fors of preservation. In 1949 he

Was surprise-d to note a change in ti~e antigenic power. of the
strasis; we bad to send his a new culture and to, advise his to
4MltiV&S* it acco-rding to our technique. Moyer had also asked
Favarol -IS$) at Tananarive for his opinion, and the latter
sanswere in the. seaw vein. Qualm et &1. 1116] have had satis-
fact ary results by subjecting the strains A.1122 and EV 76 to
slow.Arying after freeting of the su~spensions in a solution4 composed of salts and lactose, these constituents being present
'in t~he same proportions as in skimmed milk. In truth, the
Piobles eof the lyophilization of P. P~eats is not a simple one,
and its study was uudertaken by Hockly ot &1. [771. It brought
to light a fer factors which affect the viability of Zha
miero.rgsnism Auning &An after as oeratos, and showeod that
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u~nawareness of these factors ws at the root of _i~e disappoint-
monts of those who had believed that the plague bacillus would
not behave differently from most viruses oi from bacteria in the
application of the general principles of lycphilization. In
view of these un.i-v.inties, Mead et al. [98] adopted a new
orientation and, as a result of work carried out recently, they
recommend the preservation of P. pestis at -2Z3C in the SimpLe
frozen state, in a lactose-containing medium with pH 7.4 phos-
phate buffer in which the germs are suspended after centrifug-
ing of the cultures. The arguments auvanced in favor ot this
procedure, which makes it possible to maintain both the viru-
lence and the viability of 50 percent of the cells for two
years, would seem to legitimize its substitution to lyophiliza-
tion, and for us it would be of i .terest for the preservation
of the EV virus-vaccine. It is for this reason that we have
mentioned it in this paper.

Three Special Cases of Dissociation of Strain EV

When in 1946 we performed a purity test on a virus-
vaccine suspension by adding to a broth tube one drop cf
specific bacteriophage which temporarily inhibits the growth
of P. pestie, we were surprised to note that the medium became
strongly turbid after 48 hours. Our first assumption was that
this was due to contamination, but this turned out to be in-
correct; the bacillus had well preserved the morphology of the
plague bacillus, it was gram-negative and immobile like -he
latter, but it had lost the antigenic and biochemical charac-
teristics of the EV strain. On an agar tube of this culture
left at room temperature for one month we noted a glassy forma-
tion which atterted to a profound modification of the culture,
which could no longer be subcultured; however, against this
uniform background there appeared several new colovies which
exhibited all the characteristics of the EV strain, including
the sensitivity to the phage. We did not succeed ir reproduc-
ing this phenomenon in 50 broth tubes seeded with the same
sample of EV and by the addition of one drop cf phage. Never
again, during hundreds of control tests carried out in Madagas-
car or Paris, did we make a similar observation.

We decided to report this phenomenon only five years
later [693 when we ajain had exposed to the action of the
selected phage a brick-red mutant of an EV culture maintained
without subculturing for ten years. The existence of pig-
mented colonies is not ar exceptional event in the case of
P. poo-w,, and the phenomenon would hardly have been of inter-
est to us if the study of this mu:ant, which behaved like a
saprophyte -- a very fragile saprophyte growing only between
IS and 2S -- had not shown the appearance, in a 16-day-old
culture in which the majority of pigmented germs were dead, of
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a calture typical of our EV strain with all its characteristics.
In this case, too, our efforts to reproduce the phenomenon
with the brick-aixd mutant remained fruitless.

"e re-tson for publishing these facts is that they sup-
pCrt a hypothesis formulated by Herelle some time ago regarding
the pvssible reversibility of the mutants produced or selected
"by the bacteriophages in nature, and their incidence ir. the
•enewed outbreak of cholera epidemics in Bengal. In this way,

Eerelle, to whom we had communicated our observatigns on
P. peRti8, .;ui. a justification of his hypothesis whicl up to
Vt'en 'ad been completely gratuitous (personal communication).
On tiie basis of this initial finding, we subsequently found new
elements in favor of this hypothesis, when extending our ex-
periments to virulent strains [70].

We owe the story of the third example of dissociation to
Devignat [27]. In his case, the dissociation took placespontaneously. The phenomenon manifested itself in the agar

culture boxes during the preparation of a lot of vaccine;
ochre-yellow colonies of the S and R type appeared on the third
day and were subjected to a complete study by the author. The
salient fact emerging from this study is that while these
"mutants" had preserved all the morphological, biochemical andbiological properties of the EV strain -, their immunizing power

in the guinea pig had almost completely disappeared.

Increase and Stabilization of the Immunogenic

I Properties of the EV Strain

The regular controls to which the EV strain had been
subjected in Tananarive and Paris indicate the concern of those
responsible for the preparation of the virus-vaccine that they
might be surprised to find, one day, that a sudden modifica-
tion of its properties had taken place. Let us recall Yersin's
express recommendation in this respect. Would this be a return
to virulence? Under the conditions of subculture (26-28*C)
and maintenance of the strain on nutrient agar from which we
have never departed, such a development was highly improbable; /
moreover, no examples of it were known in the case of P. peetia
cultured on the usual media. On the other hand, the anticipa-
tion of a total or partial loss of the protective power was
legitimate; under several circumstances, we noted that this
dtd in fact, happen, without bcing able to determine the cause
oi this development. Apart from cases where our obs'rvations
we.,re made on cultures sent to us from abroad, so that we did
not know how these cultures had been preserved and transported,
we s.metimes noted certain anomalies also in the case of sam-
ples which we, ourselves, had collected; thus, a 15-month-old
culture maintained at +4* could no longer be subcultured de-
spite the fact that the parent culture which was 2 or 3 years
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old had preserved all its characteristics, including its
vitality. These incidents remain inexplicable for us; we con-
sidered the possibility of a contamination by a phage, but have
failed to detect a lytic principle in these cultures. On
smears, the germs have a dot-like appearance; they are weakly
stained wit!, fuchsin while an old but still live culture ex-
hibits ceils which stand out sharply with their morphology and
color against a background of disintegrated elements. Hence, it
is pru~ent to have substitute cultures available by setting
aside and preserving, after each subculture, a few tubes which
are sealed and maintained in tha refrigerator, as a precaution
against at least one risk: that of losing the strain.

In view of these observations, we had no illusions in
believing that the properties of our EV strain were immutable,
despite the fact that the pro edure empirically adopted for its
preservation had given full satisfaction, especially at a time
when the vaccination of humans was our predomiiiant concern.
Hence, in addition to numerous culture samples maintained as
described above, we have collected others originating from
animal passages -- guinea pig or mouse -- after seeding of
ganglionic serosa, blood or splenic pulp during the period when
we know that the term, if administered in a high dose, sub-
sists live in the tissues. A few experiments carried out with
these subcultures did not reveal any marked change in the
virulence or immunizing power.

E. Korobkova [89], rightly considering that the stabil-
ization of the pronertie7 of the EV strain was a crucial ques-

tion for the manufacture of the virus-vaccine, carried out im-
portant studies aiming at ensuring its stabilization and even
at increasing it- immunogenic properties. A culture which had
been preservt;.d in the refrigerator for several years was sub-
-:ultured on nitritive agar treated with glycine, then inocu-
lated in the peritoneum of guinea pigs. When the animal suc-
cumbed to this test, subcultures were obtained from its blood,
liver and spleen, which served for carrying our new peritoneal
passages. After seven operations the virulence was not in-
creased perceptibly. Blood, liver homogenates and spleen
homogenates were suspended in physiological saline solution and
placed into 3.5 ml ampoules which were then fxozen and dried in
vacuo. After a three-year stay in the refrigerator, the cul-
ture recovered from one of the ampoules protected the. guinea
pig much better than that of the initial sample which had not
been passed through animals and which had lost a large part of
its antigenic power. Korobkova stressed that the most active
virus-vaccine originated from splenic pulp cultures and not
from blood cultures; she considers blood as a not too favor-
able medium for the preservation of the EV strain.

On his part, Wake (149] reported that in P. peatia the
S colonies which appear within the R colonies and which attest
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to an attenuation of the virulence and of the antigenic poten-
tial were remarkably stable in vitro. Mice had been subcu-O taneously administered a high dose of suspension consisting
solely o..germs originating from the S colonies of an old EV
culture. After several passages, he was able to isolate typical
R colonies from the tissues of mice which had died or were
sacrificed during the 13-hour period immediately following this
inoculation. It cannot be doubted that the passage through the
receptive animal resulted in the selection of the germs that
are most resistant to phagocytosis, hence which are the most
virulent ones, and as far as the EV strain was concerned, it
had the further effect of maintaining, and even increasing, its
immunizing pzoperties in case of failure. Furthermore, is this
not the procedure commonly used in the laboratory for increasing
the virulence of P. pea8ti when the latter hiad decreased?

Cavanaugh and Randall (21] gave an explanation for this
by showing the role played by the monocytes in this process of
the transformation of S-type germs (sensitive to phagocytosis
by polynuclear leukocytes) into resistant forms -- R or M --
depending on whether or not they are encapsulated. These ex-
periments were carrTied out on a virulent strain but their con-
clusions are no less valid for the EV strain, due to the lat-
ter's particular antigenic constitution. It ctn even be con-
sidered that, through a temporary multiplication of the germs
in the monocytes of the spleen, colonies are obtained whose
virulence scale would increase until attaining the original
pathogenic power of the strain. It goes without sixing that
one cannot be careful enough when using an EV virus-vaccine
regenerated in this way for human inoculation, despite the fact
that the antibiotics presently at our disposal provide full
safety in case of a serious incident. We were unable to de-
velop our investigations in this area, and were only able,
prTIor to leaving our Service, to leave for our successors in
the laboratory an array of EV cultures for studies to be car-
ried out on a more speculative than practical level, consider-
ing that the current world situation of plague relegates the
problem of vaccination, which had been our predominant pro-
occupation, into the background.

It is not impossible, without resorting to animal pass-
age, to consider the maintenance of the integrity of the char-
acteristics of the strain by cultivating it in media other than
agar or Martin's broth. Avanyan and Gnbina [4] specify the
addition of iron to the broth or nutrient agar; the iron is
extensively utilized by P. pesti8; this element increases the
growth of the microorganism and increases its catalase content,
as has been found by these authors, notably in the case of the
BY strain. Now, Rochenmaker (1261] had reported a long time ago
that a correlation exists betwee-a the catalase content and
virulence of P. peetia. Nevertheless, we do not find in the
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work of the Russian authors any indication of an increased

virulence of the EV cultures, but only an increase in the viru-
lence of two other attenuated strains inoculated into the
guinea pig after administration of iron sulfate. We have seen
above that the mouse treated in this manner did not support the
EV virus-vaccine, but that we attribute this fact to a partial
blockade of the reticulo-hystiocytary system analogous to that
which is carried out by means of cortisone with the attenuated
VW+ strains, and not to a real intensification of virulence.

Culturing at 370 which activates the production of cap-
sular antigens and particularly fraction 1 may also contribute
to the prevention of the degradation of the strain. We have
had in our hands a subculture xeceived from K. F. Meyer main-

tained at 37* on blood-agar whose protective power for the
mouse was greater than that of the culture of our laboratory;we were not Surprised by this, because the F 1 content of the

EV strain which was quite low originally, has to increase at
37, and for the American auth-crs this fraction represents
the major, if not the sole, immunizing antigen. However, the
other factors of pathogenic power may perhaps undergo an in-
tensification of their action, if we take into account Fav-
arel's observation (36] according to whom a virus-vaccine pro- J
pared with cultures incubated at 37* engenders local and gen-
eral reactions which, notably, are more pronounced than those
caused by the vaccine manufactured from cultures incubated at
260C.

Finally, we shall end this chapter by describing an ex- 4
perimental study of Korobkova [90], who has sought to increase
the effectiveness of the EV virus-vaccine not by acting on the
strain itself but by perfecting the technique of vaccination;
she envisaged a double vaccination, increasing the inoculated
dose, and increasing the interval between the two inoculations,
factors which the author consiCered the only way to ensure a
solid and durable protection against all clinical forms of
plague. The cutaneous vaccination .(based on the role of nor-
vous receptivity in immunogenesis (sic) was, in her opinion,
more efficient than subcutaneous administration, since the re-
actions would be less intense and the contraindications de-
creased. These experiments were carried out in guinea pigs
with a culture which was 50 percent successful when inoculated
once and 100 percent successful when inoculated twice. It is
undenia'le that a second inoculation performed 2-3 weeks after
the first reinforces the immunity, as we have seen in the case
of the mouse where we were 100 percent successful, while the
same percentage was attained in the guinea pig with a single
dose. If we had had to apply this technique in our mass*
vaccinations in Madagascar, we would have been faced with in-
surmountable practical difficulties, because we had relied
precisely on the advantage of a single inoculation which we
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ihad considered sufficient on the basis of the data furnished by
-OUT experi*ents with guinea pigs. However, an annual revaccin-
ation performed when the circumstances called for it certa&i-ly
Tesulted in increasing the protection conferred by the previous
vaccination or vac(Aations. As for the cutaneous administra-
tion of the vaccine, we knew from our first experiments that
the guinea pig could be immunized by this route (scarifica-
tions), but that the subcutaneous route was preferable; from
every point of view we consider that the subcutaneous route is
also that which offers the maximum g;'arantees in collective
"vaccinations.

Various Studies on the EV Strain

Under this heading we collect a variety of studies re-
lating to the EV strain, some of which are currently .under way;
although they have no immediate connection with immunology, we
feel that they should be included in this paper.

Leshkovich (94], who studied the action of x-rays on
the virulence and immunogenic power of P. pe8tis noted that 43
days after three irradiations, virulent strains had lost a
part of their pathogenic power for the mouse and guinea pig.
The exposure of the EV vaccinal strain under the same conditions
as the virulent strains had not modified its immunizing proper-
ties; the author infers from this that x-rays have no destruc-
tive effect on these properties.

As part of their studies on the fate of P. pe3tis in the
organism of several species of fleas, Cavanaugh et al. [20] in-
oculated heavy doses of avirulent strains into mice and in this
way produced a transitory bacteremia. Six Monopaeyla aniaus
were infected with EV, and it was observed that their proven-
tricule was blocked. All the tests of the transmission of the

* infection by biting new mice have failed.
At the Pasteur Institute of Madagascar where the EV

-strain is constantly being studied in its various aspects,
S Brygoo and Courdurier [11a] have developed an effectiveness test

"on mice which, because of its great precision, usefully com-
pletes the test which we always performed on the guinea pig.

-This mouse test remains indicated for the control of the strain.
Daod Nathoo, Dodin and Brygoo [25] undertook the complete anti-

, genic study of EV by precipitation-diffusion in agar. The in-
vestigations currently under way already show the complexity of
the reactions which vary as a function of the temperature of

* incubation of the cultures and also of the origin of the sera
employed (horse, rabbit). The analysis of the total extract
reveals! 17 flocculation bands with an "antiplague immune serum
globulin"l (Loderle) prepared in the rabbit; the RNA and DNA
extracts show 12 and 2 bands, respectively. The authors expect
to carry out tests to determine the extent of protection of the
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animal by the RNA and DNA extracts. The importance of these
studies resides ýn the fact that thcy ,r:il1, perhaps, shed some
ight on the nature of the immunizing antigens of which only

Baker's fraction 1 has been identified, as soon as it is pos-
sible to obtain from strain EV a series of ramples of more or
less degraded antigenic value, and to carry out comparative
analyses, from which it is legitimate to expect a certain clar-
ification of the problem.

In the framework of the metabolism of P. pestis, Dodin
and Brygoo have studied that of the ZV strain and carried out,
on nonproliferating suspensions, a quantitative study of the
utilization of the sugars rhamnose an" glucose [28], xylose,
mannose, and glucosamine (29] The succinic acid d3hydrogen-
ase activity of a concentrated suspension of virus-vaccine as
a function of the length of preservation at +40 showed that
the enzymatic potential was preserved for a long time at this
temperature, inasmuch as the reduction was only 50 percent after
90 days [50].

Finally, certain special globulins, which have a very
alkaline isoelectric point and for the most part coD•izt of
antibodies, are characteristic of the antibacterial sera of the
horse. Sandor [130] and others are now studying these globu.-
lines, especially in horses hyperimmunized by the EV strain;
this strain has been found to be very powerful from the point
of view of the production of these globulins.

Epilogue

The studies which we have discussed at length above give
cause for reflection. A plague bacillus which in many ways is
analogous to the virulent strains could, for the past 30 years,
be inoculated in the live form with impunity into hundreds of
thousands of persons. For authors who have not known the cir-
cumstances which had led to the use of the EV virus-vaccine
and who, later on, carried out the analysis of the antigenic
structure of this strain, it must have appeared that what we
had done was rather rash. Certainly it was rash, but it had
been preceded by years of animal experiments, which is the only
concrete reality which permits drawing decisive conclusions in
the field of immunization. Plague has the peculiarity of be-
ing a zoonosis whose pathological manifestations in their vari-
ous aspects are identical in man and in sensitive animals, both
in natural infection and in experimental infection. This rep-
resents an advantage compared with most human infectious dis-
ez.as against which there exist vaccines whose protective value
ib Aenerally evaluated only by the titer of the seral anti-
bcdies which, precisely in the case of plague, are often ab-
sent; when they are detectable, their relationship to the d.-

gree of immunlty conferred by the disease or the vaccination
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S euains questionable. Was it not logical and in line with
Pasteur's teachings to offer mankind the benefits of a virus-
vaccine which was found to have an effectiveness incontestably

Ssuperior to that of the killed vaccines? Nevertheless, if what
we know today of the antigenic structure of the EV strain had
been known at the time of our first studies, it is probable
that we never would have dared to inoculate man, at least not
on _ large scale. It is fortunate that fate has settled this
problem otherwise.

It is no iess fortunate that eminent scientists have
visited Madagascar to investigate, 17 years after the first ap-
plications, the nature of the reactions brought about in man
by the EV virus-vaccine. An official mission comprising three
highly qualified medical men from the United States -- Doctors
Smadel, Goodner and Woodward -- arrived in Madagascar in 1951
to study the behavior of the plague endemia and the means of
defense with which this disease was being confronted. They

.. soon contacted the Pasteur Institute and it seemfs that they
were primarily interested in the vaccination program, es-
pecially since at that time Dr. Robic was still in charge of
the latter. He certainly complied with his guests' wishes ky
performing a vaccination session whose preparation was at-
tended by his guests. A detailed report of this operation as
well as the summary of and comments on the report written at
the end of their mission by the American doctors was published
by Robic [125]. We quote the essential passages of this re-
port:

"We have vaccinated a detachment of parachutists, all of
them young soldiers, consisting of Europeans recently arrived
from France and Malagasy who had not yet been vaccinated; thus,
they were persons vaccinated for the first time in whom we
know that the reactions are generally more pronounced. The
vaccine employed had been prepared and harvested on the eve
Of the vaccination and the suspension was immediately prepared
in the presence of Dr. Smadel and his collaborators -- thus,

* we had a perfectly live vaccine -- and inoculated into our-
selves and into two of our Malagasy technicians. Next day,
after the control of bacteriological purity, the vaccine was
inoculated into the soldiers; in some of then the foreatm was
used as the site of inoculation, in others the shoulder (infra-
spinwus fossa). The American doctors attended this session,
and Professor Goodner personally and attentively followed the
behavior of the vaccinated persons, himself taking the temper-
atures, checking the inflammatory reactions at the site of in-
OCulation, looking for ganglionic reactions and noting the
general state of health of the vaccinated subjects. He could
verify Ltha all local or general reactions rapidly subsided."

Below we quote the conclusions of the report written by
Dr. Smadoe. translated verbatim by Robic:
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"According to the description of the French workers and
our own observations, the local and general reactions in per-
sons who have received an injection of EV vaccine are a little
more severe than those brought on by the classical intityphoid
vaccine. They are more pronounced in Europeans, after subcu-
taneous injection in the lateroposterior surface of the fore-
arm than after subcutaneous injection above the shoulder blade.
The first route is used in the Malagasy* to avoid having to ask
them to disrobe, and the secona in Europeans. Nevertheless,
the Malagasy are less sensitive because, after injection into
the forearm, they have a less intense reaction than the
Europeans inoculated in the shoulder. Intramuscular injection
is prohibited because of the severity of the local reactions.
On the other hand, the tests carried out in order to obtain a
proof of the proliferation of the EV germs in human subjects
gave negative results, despite the fact that under several
conditions we found, after the inoculations, a few live germs
at the injection site or at the ievel of the regional ganglionic
chain (some data on this point may be found in the Arohives
de ZZInstitute Pasteur of Tananarive, years 1937 and 1938)."
Robic emphasized that Dr. Smadel completely subscribed to our
conclusions publishod in these Arohives in 1938.

Nevertheless, the members of the mission were discon-
certed a bout the reasons which have made it necessary in 1949

to give up the policy of massive vaccination campaigns and
annual revaccination. We have replied to this in the first
part of this work, and we shall quote in this connection a
passage from a paper written by Robic: "Prophylaxis by mass-
ive vaccination has the advantage that it has stopped the
spreading of plague on the High Plateaux at a time when no
other effective method was known either in the area of preven-
tion or in the area of therapy; there was no DDT, no sul-
fonamides, no streptomycin. At the present time, prophylaxis

*The choice of the forearm for a subcutaneous vaccina-
tion may appear abnormal, but it was adopted for several
reasons: ease of execution during the gatherings of thousands
of persons of the two sexes and of all ages who did not have
to disrobe; convenient control of the local reactions and of
any epitrochlear and Axillary ganglionic repercussions which
may have developed. However, the Malagasy themselves, many of
whom sleep or, a mat placed on the ground or on a rudimentary
stretcher complained of pains caused by the pressure of the
ground or of the wood when they were vaccinated in the shoulder

bude.
There is no doubt that the local reaction, which is more

marked in the forearm than in the dorsal region, is connected
with a slower absorption of the vaccine and with a longer per-
sistence of the live germs in the cellular tissue, a fact
which in the final analysis, ought to be beneficial for the
immunization.
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ais. at the eradication of plague through the destruction of
•...•.•--h* virus. reservoir, the fle*& of the rat."

Q� We have also stated why, between 1954 and 1958, the col-
Sloativevaccinations were temporarily resumed. For the past
three years all vaccinations have been suspended in Madagascar,
&ad the number of cases of plague has in no way been affected
-by this interruption.

The ora of mass vaccinations, regardless of the type of
vaccine employed, is now over not only in Madagascar but all
over the world. In effect, the present situation of plague
_e•lgates vaccination, which has for such a long time occupied
a- prodominant place in the fight against plague, into the back-
ground. For the past 2S years, the incidence of human plague
has been decreasing everywhere, and this decrease has been
spectacular during the last decade, as we have stressed in our
introduction. Prom the time when the prevention was deliber-
".t. ev.o--&tiay- t•oiard systematic disinfestation which took
precedence over deratization, there has not been a single
plague focus in the process of development that was not rapidly
eradicated by the judicious use of contact insecticides, with
DOT remaining the most important of these agents.

Parallel to the advantage of a better conceived etiolog-
ical prevention, the prognosis of the disease which today is
cu•able in all its clinical forms including the primary
pneumonil form, has been radically changed through the advent
of fungal antibiotics. Finally, according to the experieLce
acquired in Madagascar, chemotherapy (sulfonamides) on itsO part, considerably reduces the risks incurred by persons who
had boon in contact with patients with pneumonic plague.
A fortiori, the situation would be the same in the environment
of patients with bubonic plague who are capable, in the septi-
comic phase, of causing the Infection of the human ectopara-
sites responsible, when they proliferate, for the evolution of
the endemia into an epidemic, according to the thesis of Blanc
and Raltaxard.

At the present time, vaccination is formally indicated
only in the rural sectors where plague detection work reveals
the existence of an enzootic relating to the domestic rodents,
and where in the absence of adequate means of execution, sys-
tematic disinfestation is doomed to total or partial failure.
In this respect, it is the epitlemiological surveys that deter-
mine what steps muSt be carried out. The choice of vaccine is
subject to a combination of local conditions, which does not
exclude the psychological -factor. For us, despite the progress
made in increasing the protective value of killed vaccines, our
pref•ronce is for live vaccines, and especially the EV vaccine
which. hs stood the test of time and for which it would be do-
sirablo to undertake appropziate studies aiming at ensuring
the -stability of its characteristics.
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While the physiognomy of human plague makes it possible
to face the future with optimism, its total disappearance is
a utopistic hope, and it is always necessary to maintain strict
vigilance because new enzootic foci affecting many species of
wild rodents have developed in the territories infected for the
first time during the last pandemia, for example, the American
continent, to mention only the most important of these areas.

Nobody can predict the duration of the dormant phase
upon which we are now entering. The question has been ex-
tremely well treated by Balzazard [7j at the conclusion of 17
years of investigations which had yielded many data. These in-
vestigations were carried out in several Asian foci, notably in
India. While our colleague is well founded in characteriziag
plague as "the disease of the future," because its virus is
widely dispersed in nature, we are no less justified in assum-
ing that the era of the hecatombs of past centuries and also of
our century is over, because we now have at our disposal a
means of etiological prophylaxis which can be readily applied
and whose effectiveness has been demonstrated, with which we
can prevent the infection of domestic rodents; and it is this
infection which controls the endemia, the origin of all epi-
demic escalation.

However, the respite which nature is now granting us and
which is powerfully supported by our prophylaxis, does not
terminate the activities of research scientists. As a result
of the immunization against plague, the efforts of researchers
are directed at obtaining a preparation whose value will be at
least equal to that of the best live vaccine. Will this objec-
tive ever be attained? We hope so, but we also hope that it

I U wili not be forgotten that the difficulties of protecting man
by means of vaccination have been underestimated for a long
time, and that failures are not exceptional even with the EV
virus-vaccine, and finally that even the disease itself does
not always impart a prolonged immunity because relapses of
bubonic plague have been reported many times. Dieudonne and
Otto, quoted by Pollitzer t!15] have reported "cases of reinfec-
tion of persons who had previously contracted a plague which
was bacteriologically confirmed, and maintained that, in gen-
eral, the immunity acquired under natural conditions against
this disease was evidently a relative matter, both as to its
stability and its duration." These are precisely the two
qualities for which we value the EV virus-vaccine so highly.

Despite a certain degree of reluctance which may be
triggered by the principle of its use in man, nobody has so
Ofz denied the high experimental protective value of this vac-
cine. In the first part of this paper we hove talked at length
about the severity of the test to which our guinea pigs, vac-
cinated by a single inoculation. were subjected at varying in-
tervals, and about their mode of reaction depending on the
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degree Of their immunity On the basis of this behavior, the
BY viru-va9Cin* could represent a reference test, a controlO which would parrit making instructive comparisons in order to
evaluate the qualities of a vaccine preparation under study.
Mae initial attempt to a-thieve this was made by Xeppie et al.
184) who obtained. by the repeated action of ultrasound on cul-
tares of P. peatia -- which had been treated by an appropriate
techni~que I& order to eliminate the toxic fractions -- a resi-
Ane froe. of all live elements, a residue which would seem to
'represent the antigenic complex most favorable to the protec-
tion of both the souse and the guinea pig; these animals
could apparently be immunized against 100-1000 lethall doses olE
P1. postis. Knowing from our papers that no guinea pig vaccin-~
ated by two injections of any killed vaccine has ever resistod
our virulence test. regardless of the activity of this vaccine
in mice. the authors asked us to test their preparation on the
.guinea pig according to our technique. To this end, H. Smith
sent us the necessary equipment with a detailed experimental
procedure comprising two subcutaneous injections at 14-day in-
tervals, the animals having to be tested one week later. For
comparison we prepared a series of guinea pigs treated with a
single inoculation of EV vaccine. Fur~tharmore, we agreed to
set apart a=other group of vaccinated guinea pigs which were
to be tested two months after the vaccination. Each lot con-
taimod five animals and an equal number of non-immunized con-
trials.

The balance sheet of the operation Ray be drawn up as
follows:

"Ultra- EV virus-

sonated" vaccine Controls
vaccine

Test after I week.... S/S (a) S/5 (c) O/S
* Test after 2 months.. 0/S (b) S/S (d) U/S(e

The numerator indicates the number of survivals:

(a) The three surviving guinea pigs showei art intense local re-
action which regressed after 10 days. A5 for the two
animals which did not resist. out died of *cute pltgue.
the other of subacute plague.

(b) The S animals died of acute plague as did the controls.
(c) There was no local reaction.
(d) Slight reaction for 3; more marked reactiora for 2.
(e) The survival of a control which reacted with a voluminous

1"_1. abscess is probably attributable to a latent or
"acient Infection by Past. p~eu4dotvbae~uloei#which en-
toils a certain degree of resistance to the plague infec-
tion. This observation, Which is not exCep~tional In Paris,
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was never made on a control `uinr pig in Niadagascar,
where pseudotuberculosis is unknown.

All guinea pigs which rosistec :he infection were sac-
rificed after two months; they were in a perfect state of
health, and showed no residual lesion.

Despite the fact that in this comparison the ve-us-
vaccine came out best, we informec• our colleague that this was
the first time that, undei- the condi-.Ions of our controls, we
have seen any guinea pigs survivz this test after immunization
with a preparation devoid of live ger-ms; hence, we added, the
"t1ultrasonated" vaccinu represents a notaobe aavance over tnf
other, totci~y or partially killed vaccines which we had had
the opportunity ro administer to the guinea pig. Subsequently,
Cocking et al. [85] have elaboxated on the considerations which
hio led thezA to the manufacture of this type of vaccine which
they planned to use in humans. However, Chen and co-workers
[23] have recently reported, on the basis of an argumentation
which differs from that of the precedii.g authors, that a total
formol-treated vaccine to which an oily adjuvant (mentioned
above) had been added gives better results in the guinea pig
than the 'ultrasonated" vaccine. It would have been interest-
ing to compare this vaccine with the EV virus-vaccine, using
our experimental procedure whose results as we shall recall,
permit three graduations in the interpretation of the animals'
responses: total immunity (TI), partial immunity (PI) and ab-
sence of immunity rAI).

In an article ,:ritten in 1936 for the general public
[110], Prof. Pasteur Valliery-Radot referred to our work and to
the prospects opened up by tke use of a preventive vaccination
against plague by Aeans of a liv. vaccine, which at thax time
had aroused some interest in the meical world. After stress-
ing that Yersin had been the originatoi of this idea some 40
years earlier but that this idea had :ot been followed up, the
auth'ir concluded his article as follows: "The germ, whose
virulence is spontaneously attenuated by nature or deliberately
disciplined by man, no doubt creates a more stable immunity
than the microbial body which has stopped living: life must be
preferable to death."

These lines were written 25 years ago. For us, they are
just as valid today as they were then, and we shall end our
paper on this concluding note.

SUMMARY

1. In the first part of our paper we discussed the
reasons which had led us, in 1926, to corsider the substitution
of a live vaccine (virus-vactine in the Pasteurian sense) for
the usual vaccines in the vaccinal prophylaxis of plague in
Madagascar. These reasons were the manifest lack of success
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with killed vaccines; the epidemiological circumstances
specific to the Plateaux region of Madagascar with the constantQ threat of epidemic pneumonic plague, and especially the im-
possibility of conferring an appreciable immunity on the guinea
pig by means of a killed vaccine, a fact which, moreover, had
been admitted by all researchers. As it happened, we had many
times noted in the laboratory that if a guinea pig resisted the
inoculation of certain strains which had lost a part of their
pathogenic potency, this animal subsequently enjoyed total im-'
munity. One of these strains, called EV, appeared to us after
five years of monthly subculturi.ng at laboratory temperature
(20-25*C) to possess the two properties required of a virus-

!vaccine: inno.-ousness and eff-.ctiveness, the lv,ýter reflected

especially by tne duration of the protection conferred by a
siagle inoculation.

The application of this virus-vaccine to man, cautiously
attempted by Robic in 1932, was gradually extended to the en.-
tire population exposed to the risk of infection, or about
one million persons. As soon as the massive vaccinations had
been carried out -- they were favorably accepted by bothEuropeans and Malagasy -- the plague mortality rate ccnsider-

ably decreased, which could be attributed solely to the vac-
cination, because the etiological prophylaxis was practically
ineffective under the conditions in which it was carried out;
some observations made under various circumstances are of an
experimental va~ue from this point of view. Vaccinations 3nd
revaccinations entailed only mild reactions. These vaccinations

disinfestation inaugurated about ten years previously and the
and~~~~~~~~~ 

er repcraevioeecotnedu~l 9 utheslyseai

general decline of the incidence of plague all over the world
have considerably reduced the role of vaccinal prophylaxis in
the fight against plague. Wt stressed how an analogous under-
taking in Java by Otten, using ai.other attenuated strain
(Tjiwidej) had made it possible to strengthen our position
adopted in Madagascar, doe to the fact that the Dutch scientist
has had the opportunity to prove, by a so-called alternating
pilot experiment, the superiority of the live vaccine over the
killed vaccine ffHaffkine's lymph'. More than one million in-
oculations were carried out in Java between 1934 and 1937 with
results comparable to those recorded ir Madagascar: in both
places the number of cases of bubonic plague was reduced by
EO percent. Without claiming that the EV virus-vaccine gives a
definite protection against primary pneumonic plague -- even
thotugh the experiments in guinea pigs did give an indication
of such a protection -- the regression of pneumonic plague was
parailli to that of the bubonic form, because the latter form
is always at the root of the pulmonary complications which
trigger the epidemic process by interpersonal contagion. In
the meanwliie the laboratory studies led us to define the
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characteristics of the EV strain and, as a result, define the
characteristics which ought to be present in all other strains
capable of being used in the form of a virus-vaccine; these
characteristics are: the persistence o-F a residual virulence
attested by splenic reactions in the ouinea pig subjected to
inoculation with large doses. and the persistence also of a
toxic power linked with this low degree of virulence. However,
of several cultures of this type, EV was the only one which

gave the guinea pig an immunity (which was still appreciaole
after several months) against a very severe virulence test.

The antigenic value of the strain was made use of since
1933 for the preparation, by intravenous hyperimmunization of
the horse, ef a therap utic serum whose quality was in no way
inferior to that which would have been obtained with virulent
germs; the latter, however, could not be handled without risks.

The interest aroused by the new vaccine stimulated new
studies in foreign government laboratories co which the strain
had been sent; these studies confirmed the data acquired in
Madagascar both on the theoretical level an. in the practical
field of application. Stress was placed particularly on the
studies of the Russian authors who, for almost 30 years, have
been making a major contribution to the study of antiplague
vaccination using live microbes, and notably tha EV virus-
vaccine whose high protective power is emphasized in their pub-
lications.

II. In the second part, the relationships between the
immunological processes and the EV virus-val:cine are analyzed
and discussed as a function of the modern researches on the
antigenic structure of P. pestis which had been unknown prior to
1945. The circumstances arising from the Second World War have
been the starting point of a large number of investigations aim-
ing at the isolation of the protective antigens for the prepar-
ation of vaccines destined for troups which were called upon to
stay in or travel through the African or Asian areas known to
be foci of endemic plague. While recognizing the value of the
live vaccine whose application in Madagascar became necessary
on account of an exceptional situation, the officers of the
Anglo-American medical corps nevez considered the use of the
live vaccine.

In San Francisco, a team of American workers under the
direction of K, F. Meyer isolated a water-soluble antigenic
fraction -- F 1 -- in the crystalline state; this substance is
devoid of toxicity, has a high protective effect in the mouse,
but not in the guinea pig. Subsequently the authors re-examined
this assertion, noting that the addition of an oily adjuvant to
the F 1 solution elaborated in the cultures incubated at
370C -- the temperature most favorable for the production of the
capsular substance of which F 1 is one of the constituents --

made it possible to protect the guinea pig as well. Since then
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the immunizing power of a vaccine, whether killed or live, was
considered by them to be a function of the F I content of the

Sstrain. This simplification of the immunogenic process, com-
bining into a single mechanism the action of a killed vaccine
"*and that of a live vaccine, did not agree with what we had
learned from our experiments with the EV virus-vaccine. In this

* connection, we have to recall a few definitions relating to the
terms viralence, toxic power, and pathogenic power, whose in-
terpretation -- different from that adopted in France after
Maurice Nicolle -- was a source of confusion. The notion of
attenuated or weakened virulence was absent from the Americanstudies which knew only of virulent or avirulent strains. Now,

atrain EV is not avirulent, and our colleagues from San Francis-
co took this into account, because they confirmed and went be-
yond our old observations by reporting that the components of
our vaccine showed a transitory proliferation in the animal
organism while we had only demonstrated their existence in the
organs of the guinea pig several days after a subcutaneous in-
oculation, without having had any grounds for speaking of pro-
liferation; the latter, although temporary -- showing specific
reactions which were defined after histological examination by
Bablet and Levaditi -- cannot be interpreted in any other way
but as a manifestation of a certain degree of virulence. It is
this persistence of live microorganisms within the lymphatic
tissues for which P. pesati has an elective affinity that is,
for us, the essential factor-which determines the rapi dity and
duration of the protection conferred on the animal by theO virus-vaccine, while the preparations devoid of live cells re-
quire at least two injections at 8-15-day intervals in order to
"confer an immunity whose drration has never been specified be-
cause the tests generally took place during the two-week period
immediately following the vaccination. As for the presence of
seral antibodies whose measurement nay perhaps permit an es-
timation of the antigenic potency of the various killed vac-
cines, it has no relationship with the quality of the immunity
which may be attributed to the live vaccine, an immunity which,
in plague infection, is primarily of a cellular nature. It is
the increased phagocytic capacity of the macrophages and micro-
phages that conditions the degree of protection following the
vaccination, and there is no doubt that this process develops
to the greatest extent in the lymphatic organs in contact with
the live germs, just as it takes place in the defense of the
organism against natural plague infection.

It was the studies of Burrows and Bacon at Porton Lab-
oratory that convinced us of the originality of the EV strain,
and permitted us to find an explanation for its powerful im-

* munizing power which had been noted 25 years previously by our
experiments in the guinea pig. By proceeding to the study of
the factors responsible for the virulence of P. peatis, of
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, ~ which precipitation-diffusion in an agzr medium brought to

light two special lines attributable to an antigenic couple ? -

VW which to a large extent determined the resistance of the
coccus bacillus to phagocytosis, the authors were surprised to
note the existence of the complex VW + in a single one of the
so-called protective avirulent strains (actually, attenuated
strains), namely strain EV 76. Other characteristics inherent
in the virulent strains are also detectable in the EV strain,
but we tend to think that the strain, which exhibits so many
similarities with the virulen:t strains without having the lat-
ter's pathogenic power, owes the permanence of its character-
istics which were unchanged for 30 y3ars *a the conditions at
which we had preserved it in the laboratory. We have dwelt at
length on the importance of factor VW, despite the fact that
the English-speaking authors refuse to admit that it plays a
protective antigenic role. Comparison of the Tjiwidej strain
and the EV strain revealed the existence of profound differ-

ences between the two when mice are subjected to the action of
cortisone or to iron salts prior to immunization, substances
which have an inhibiting effect on the operation of the
reticulo-histiocytic system: under these conditions EV appar-
ently becomes pathogenic for mice, while Tjiwidej does not.
Certain considerations relating to two other attenuated strains
whose behavior in the guinea pig was found, in recent experi-
ments, to be similar to that of the EV strain, justify our
point of view.

A phenomenon of homologous interference between EV and
a virulent strain was discussed from the point of view of the
various related hypotheses, notably that of specific and non-
"specific immunity.

Because of the heterogeneity of the P. pestis cultures
and of the cellular dissociation which may produce the more or
less rapid degradation of the antigenic power of strain EV, its
method of preservation is not a matter of indifference, and all
possible precautions should be taken to prevent this dissocia-
tion. However, animal passage would make it possible to re-
covor a regenerated culture without the latter having become
pathogenic by this process.

While today antiplague vaccination is only of secondary
interest, and we have stated why this is so, the mechanism of

.the immunity conferred by the various types of vaccines con-
tinues to be a matter of current interest on the level of gen-
eral immunology. The nature of the protective antigens has
again been called in question by the recent studies of the Por-
ton team.

Without ignoring the importance of the data obtained
from the antigenic analysis which, prior to the employment of
the techniques of precipitation-diffusion, has revealed the ex-
istence of an unsuspected complexity of the antigenic system
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of P. peatia, in the final analysis it is the animal experi-
ments which retain primacy in this area; it is these experi-

" merits which, apart from any theoretical considerations, have
formed the basis of our studies and of the applications which
these tests have sanctioned. The vaccination by a live vaccine
and especially by the EV virus-vaccine will have marked a stage
and signified an advance in the protection of man against

plague.
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APPEN•DIX

Production of Crystalline Concretions of Proteinic
Nature by the EV St::aiir of P. peatis

During 1933, the attention of our collaborator J. Robic
was captured by an anomaly wh:c-n occurred in the cultures of
strain EV which had been subcultured in the laboratory of E.
Dujardin-Beaumetz at the Pastaur Institute of Paris. He noted
the appearance of whitish concretions which dotted the mi-
crobial layer on the surface of the sloping agar, and which at
first sight could have beer: taken for contaminating molds.
However, this was not the case, and microscopic examinztion
showed that these new formatiors were composed of crystalline
needles and of plague bacilli %hich could be readily subcul-
tured in the pure state, after which the phenomenon tended to
recur when the cultures were 2-3 weeks old. Nothing of the
sort occurred at Tianai~arive where strain EV had been maintained
by regular subcu]turing for seven years on sloping agar. Under
these conditions it `ia• to be assumed that 1) for the time be-
ing 'the medium used at Pa:-i,i was the on!y one favoring the ap-
pearance of this ph:rnomeron; 2) that this phenomenon was
specific to tnie EV strai;A, because it had never been observed
by Dujardin-1:eaumetz who had rultivated and preserved strains
of plague bacilli on this mediuw for a long time.

Robiz had noted that the appearance of the crystals was
- partly lin':ed with a certain degree of desiccation of the

medium, because if the tubes were sealed after a sufficient
developme-•t of the culture, the latter retained its normal ap-
pearance. He ccllected tubes which showed a more or less
abundant formation of these concretions, according to whether
they had been scaled for a longer or shorter period of time.
However, this phenomenon did not take place consistently, and
it could not be reproduced in series; under apparently iden-
tical conditions the subcultures originating from "crystal-
containing" cultures did not always produce it. The harvesting
of these crystals was a laborious task because of their deep
adherence to the medium: samples taken by means of a spatula
contained both plague bacilli and agar particles. Neverthe-
less, wc were able to collect a Eample of this material in 1936
and this sample was sent by E. Dujardin-Beaumetz to Professor
G. Bertrand who detected in it the presence of phosphorus,
magnesium and a nitrogen-containing compound which showed the
characteristics of trimethylamine; however, the operation was
carried out on a much too limited amount of sample to enable
the eminent chemist to carry out a more detailed analysis.
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Here the matter rested for a while; furthermore, wedid not consider it opportune to draw, attention to a transi-
tory anomaly observed on our virus-vaccine strain at a time
when human vaccination was our primary concern in Madagascar.
Let us say that the phenomenon was no more than a bacteriolog-
ical curiosity which did not in any way affect the properties
of the EV strain.

However, we occasionally noted, in Paris, the appear-ance of crystals on old cultures grown on ordinary nutritive
agar, preserved in the refrigerator, and Robic had made thesame observation in Tananarive; from our collaborator we re-
ceived a tube of culture in deep agar whose surface was en-
tirely covered with crystals. Circumstances had led us to
study the value of various media for the cultivation and pres-
ervation of our plague-bacillus strains and, in particular, of
the EV strain; and it was by accident that we noted, in 1947,that all colonies of this strain, isolated on a certain medium,
were covered with a sort of rime which appeared within 20
days; in this rime we found the crystalline needles inside a
mass of normal plague bacilli. By their appearance, these
colonies offered a striking contrast to those which had grown
on other media simultaneously seeded with the same sample of
EV. This medium was a cold macerated homogenate of fresh beef
(the heart was not suitable) treated with 20 g of commercial
peptone (type "Uclaf") and with 5 g of NaCl per liter, with

O agar being added to 20 parts per thousand, and the final pH
adjurted to 7. The crystals formed equally well on the agar
surface in the tube and in Roux's glass box. from that time onwe were able to reproduce this phenomenon and carry out its
study.

We then recalled that the medium used in the laboratory
of Dujardin-Beausetz consisted of a cold macerated homogenate
of beef followed by peptonization of this same meat by the
gastric mucosa of the pig. Thus, the characteristic common to
these two media -- his and ours -- was the maceration and notthe peptone, because the "11claf" peptone could be replaced by a
casein peptone without interfering with the formation of the
crystals in some experiments; however, afterwards we Used
solily-n•he first medium of which we had an ample supply re-
served for this use. For four years, despite several failures
which are still unexplained at this time, we were able to
maintain a collection of "crystalline" cultures by multiplying
our subcultures on this medium, and to report, in 1952 [71],
our first findings on this curious-phenomenon:

"1) The new formations are composed of true birefrin-
guent crystals and of 2lague bacilli. Their color is mostly
chalk-white, sometimes yellowish; they are never observed on
ion-seeded control tubes, regardless of their degree of desic-
cation.
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2) Their transfer to a new medium always gives a normal
P. pest-s culture, with a-,1 the propertk.ies exhibited by the EV
s£ rain.

3) The vitality of the cultures associated with these
crystals is at least equal to and often greater than that of
cultures which do not contain crystals, as is proved by the
subcultures carried out with both types after several years of
preservation in the refrigerator.

4) Three clones derived from cells A, B, C, isolated by
Tc*an in 1949 [144] by means of the micromanipulator give rise
tc crystals in the same way as does the sample of EV strain
:rom which they originate.

5) Two avirulent aud one virulent strain of P. peatis
and a strain of P. pseudotuberculosis, cultivated on the medium
defined above, show no crystallization after several weeks,
while the EV strain exhibits crystallization after the lSth
day."

At that time, the nature of these concretions was unknown
to us, but, let is add, the numerous French and foreign micro-
biologists who had the opportunity of visiting our laboratory
concurred in stating that no new formation of this macroscopic
appearance had ever been observed on any microbial culture.
As far as we know this is still the case today.

Our first objective was to collect a sufficiently large
amount of material so that we could proceed to its investiga-
"tion. In reality, although for several months we were in a
"favorable position because we had an almost continuous produc-
tion of crystals on the above-mentioned medium, we noted that
this production was subject to capricious variations, and it
was only after a long time that we were able to determine the

conditions most favorable for their production. Thus, the
seedings must be carried out on dry media, without water of
condensation; then it is necessary to start from cultures
already containing crystals, in which the microorganism re-
mains viable despite the fact that the cultures had been pie-
ser-ed for several months at room temperature; a concretioa is
transplanted into peptone-wafer where it crumbles when scratched
with a spatula; the plague bacillus is grown in this medium
in 2-3 days in the oven at 25-2S, an4 it is from this culture
that a loop carefully spread on the surface of the agar is re-
moved. If we use Roux's glass box, the seeding is carried out
with 4-S ml of the culture in peptone water which will be
quickly absorbed by the dry surface of the agar after a few
to and fro movements executed in order to cover this surface
uniformly. The tubes and boxes are incubated at 25-28' for
4-S days; the culture is already quite visible; they are then
placed, uncapped, in a chest maintained at the temperature of
the laboratory. Fifteen-twenty-five days later in the case
of the tubes, and 3-4 weeks later in the case of the boxes the
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concretions appear on the upper part of the medium chere tLe
j agar is thinnest and driest, and then gradually spread over the

whole surface, or remain limited to the upper quarter of the
medium, without our being able to predict which of thesn two
modalities will be adopted by the process. It is a curious
and consistent fact that a series of tubes or boxes will always
have the identical appearance after a seeding carried out
simultaneously with a given suspension, which in no way pre-
judges the events which are observed in another series with cul-
tures originating from these tubes (Figs. 5, 6)*.

.1o- .- .

f .- r ...-.,.

Fig. S. Culture of P. peetia, Strain EV, Interspersed with

Crystals. On the right, control culture of the same strain on10 peptone agar.
*The photographs illustrating this chapter were made by

tho Photomicrogrtphy Ser vice of the Pasteur Institute, under
thanks for his valuable'assistance0
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F; . 6. Crystallizations in Cult.rc Tubes of P. pestis EV,
with Two Tubes of Control Tubes of Normal Culture. On the right.
two tubes seeded over the entire surface, in which the crystal-
lizations were limited to the upper part of the culture.

These formations are linked mainly to the development of
the culture, but become visible only at the level of the colon-
ies themselves; this is manifested on tubes comprising veil-
isolated colonies, even a single one (Fig. 7). This can be
proved in a peremptory fashion as follows: Let us touch the
surface of a tube of the broth-peptone (Uclaf) agar-containing
medium with a trace of P. pecti.- 'I ar culture which hý.s been
rendered lysogenic under the effect of a phage, after spreading
on this surface a drop of a suspension of crystals and EV mi-
crobes; the lysogenic strain will develop discretely at the
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MII
point t.ouc.4eI and will create w:1tt~ a radias of 3 to 6 mm
around this point a zone which will, devoid of any culture;I
beyond this, both above and below t;.is zone, ti~e EV strain will

t~ultiply normally and the crystalliZations, absent both on the
lysogenic culture and around it, will appear where the growth
of EV begins (Fig. 8). Although, -,-s has5 been indicated by
Robic, the desiccat:ion iP a de~termining factor of this phenom-
eiion, since it is 'never seen in sealeýd tubes after a few days
of cultivation, the substan~ce which. L~akes up these concretions

fork~s also iu liquid aedium; hence, the agar playrs no role

I.--e. Thus, a culture, which had developed abundantly undcr a
thin sedium in an Erlenzeyzr .:lask for- six weeks at 2C-25% was
left in the oven it 37*C for several months. After evapora-
tion, the sedisen-c contai.ned a large amount of crystals having
the same appearance as t.hat of the agar cultures. We have re-
cently sade this ,bservation .n tubes left uncapped in a chest
for a very long time. although there is still z iittlos, broth
left above the microbial deposit. Nothing of this sort has
ever been observed in cultures of another P. peatia strain sub-
jected to Identical conditions for control purposes.

REPRODUL

IJIP

411

Fig. 7. Isolated Colonies of P. pgetia BY, All Covered with
Crystals. Note the absence o~f concretions ouatside the single
wid* colony in the left -Uibe.
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"These new formations zro of a v..riable consistency
which depend on their age, b-cause wc have noted that they
c*.-ble more easily in the wazer of samples taken from older
cultures zhan in that of younger cultures; however, this is
no- necessarily the case.

If, after grinding, one of these samples is suspended in
physiological. saline solution, the latter assumes the appear-
ance of line water; by contrast, i;Z distilled water, the tur-
bidizy is much less pronounced, bec.-sc -he crystalline needles
are soluble in it and only the plagu- bacilli incorporated in
:.•.r mass remain suspended in this material whose crystals
represent the dominant element. Hence, we were able to obtain,
by filtration on a filter candle, a solution of these crystals
devoid of microbial cells but nevertheless containing a part of
their water-soluble substance as well as traces of agar. The
addition of a saturated solution of NaCl to the filtrate re-
precipitates them in a form that is agglomerated Aostly into
more or less voluminous spiny clusters (Fig. 9).

Fig. 8. Tube Seeded with P. pes ti EV Over Its Entire Surface.
A point in the center was touched with a trace of lysogenic
strain. The latter developed by creating a ly ic zone around
itself. The crystals appeared only outside this zone where theI-V strain was able to develop.
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A.

F.. ,,A

! 
w

', ig.9. Appearance of the EV Crystals (P. psstia) After Pre-

cipitation with NaCl from Their Solution in Distilled Water,
( ) Filtered Over a Filter Candle (magnification 500 x).

It is on this material that our colleages C. Milhaud and
J. P. Aubert have carried out their first analyses whose re-
sults, which they were kind enough to commuDicate to us [72]
we have repoelted elsewhere, and which we will reproduce here:

"The UV spectrum gives a 280 inv/260 mi absorption ratioof 1.S. On the other hand, after hydrolysis in HCI for 14 hours
and subsequent paper chromatography, we have identified the
following amit.o acids so far: aspartic and glutamic acid,
alanine, leuciae, isoleucine, valine and lysine. These two
analyses permit us to conclude that the crystalline product isof proteinic nature." On his part, P. Manigault has examined
the "crude" concretions with the aid of a microscop)e iA polar-
ized light and iluorescence and published his findings [97]. He
noted that "the densest concretions may be resolved into
homogeneous crystalline fragments the smallest of which always
preserve the apearance of fine needles executing Brownian
movements." His communication also reports a few physical
constants of these elements which are all anisotropic and bi-
refringent, and of which he has obtained nice photomicro-graphs LF4IE. 10).
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O with which to carry out our studies*. T'here are notable dif-
ferences in the capacity of the differeat subcultures to form
crystals; this is particulaily the case with EV samples re-
ceived from other laboratories. On fhe other hand, in certain
tubes covered with concretions we have repeatedly observed the
development of voluminous thick colonies which are not in-,
filtrated by crystals; these colonies subcultured by spreading
them on a favorable medium never produced these crystals. They
may be classified with Wake's "third colonial form" discussed
above; they are usually ob-erved in the case of P. peatis aind
indicate, by the loss of their antigenic power, the degradation
oý the original strain. Hence, it would seem that the mainten-
ance of the integrity of the characteristics of strain EV is an
indispensable condition for the appearance of the phenomenon.
Let us recall that when this vaccinal strain was observed by
Robic 28 years ago, it was at the peak of its irmunizing power.
Hence, the production of crystals ought not to be interpreted
as a sign of degradation.

What is the extent of the participation of the very sub-
stance of the coccus bacillus in the elaboration of this pro-
tein which, because of its rapid precipitation by NaCl, must
have a low molecular weight? Does the action of the microbe
consist solely in exteriorizing certain polypeptides of the
culture medium by a special process? For the moment these
questions cannot be answered. The few tests which we have car-(l ried out in an attempt to demonstrate the existence of an anti-
genic relationship between these crystals and the EV strain
<.esulted in failure, as evidenced by the absence of specific
agglutinins and precipitins in a rabbit antiserum prepared by
intravenous injections of their solution, and the absence of
immunity in the mouse to which the solution was twice adminis-
tered subcutaneously (to be sure, without oily adjuvant). Per-
haps our colleage J. Fournier who succeeded us in the labora-
tory of plague research will derive some benefit from the ma-
terial which we have left him, in order to continue this study
which has only been outlined so far, and in which we know that
he is interested.

When we state that a similar phenomenon has never been
noted in microbiology in the form in which it presents itself
and which we have described, we do not mean to say that this is
the first time that crystalline needles were produced on
nutritive agar by pathogenic microorganisms. Pfeiffer (1889),
Parietti (1890), Preiz (1894), Delbanco (1S96), quoted by H.
Mollaret [102al have noted the presence of small crystals
around colonies on gelatin or in deep agar prepared by B. de

*With the technical collaboration of Andre Chovallier
and Madeleine Boutin, to whom we wish to express our affection-
ate gratitude.
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Malassez and Vignal. There are no h7nts as to the nature of
theseý formations which, at the time ta observations were made,
were interpreted in a questionable manner. Moreover, Dujardin-
Beu:&tz has never made such observations on the cultures of
this :,.icroorganism which he maintained on the same medium as
the one used for P. pestis. Nor has Mollaret observed the ap-
pearance of crystals on the 600 strains of B. de Malassez and
Vignal investigated in his thesis.

In 1916 Papin et al. [1091 reported the presence of
snal" black traces in the cultures of meningococci, which they
identified as being composed of crystals. They recalled tnat
even lettencourt and Franca (quoted by Mace in the sixth edi-
tion of his Traite de Bacteriologie(Textbook of Bacteriology),
Vol. 1, p. 498 (1912) had made a similar observation. Cultures
of typhus- and diphtheria bacTeria were likewise said to have
exhibited this characteristic. However, these "small black
traces" were visible only under the magnifying glass, and ap-
peared after 48 hours. For Papin et al., these crystals, which
infiltrated the colonies by forming a series of dots readily
visible when examining the colonies under the microscope at a
low magnification, constituted a valuable element for the
diagnosis of meningococci.

What comparisons can we make between these crystals and
ours? First of all, there is an incontestable analogy between
their respective mode of production, which takes place within
isolated colonies; moreover, both are real crystals, because
"they exhibit the characteristics of crystals when examined
under the polarizing microscope between two crossed Nicol
prisms. However, they also exhibit a basic difference: the
crystals which are isolated after the suspension of meningo-
coccus colonies in water are insoluble in the usual solvents
and notably in water; the action of sodium hydroxide made
these crystals more apparent, and they seemed (sic) to resist
the action of HC1. Moreover, their rapid appearance in the
cultures contrasts with the delay of at least 15 days required
in the case of the EV strain. Despite the intention expressed
by the authors of undertaking the chemical study of these new
formations which appear under the microscope as fine crystal-
line needles, we have found no indication which would shed any
light on their composition. Apparently this property asso-
ciated with the meningococcus, with the practical significance
assigned to it by Papin et al., did not retain the attention
of the bacteriologists, because it is passed over in silence
in the curriculum of the Pasteur Institute. We could not, in
the framework of this paper, fail to rescue this fact from
oblivion.

However, the phenomenon inherent in strain EV has per-
mitted us to throw some light on the nature of a strain of
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O•P. pestis isolated in 1950 in the former Belgian Congo under
a priori strange circumstances. It was only four years later,
after much hesitation for which we were partly responsible,
that Jesierski, Fain and Devignat [82] issued a communication
which contained the following summary: "The authors have
isolated in Elisabethville, from a sick horse, a strain of
"Past. pestis, var. orientaSls, which exhibited an attenuated
virulence and possessed vac."inal propertiL.s. This strain dif-
fers from all other strains isoiated until now in the Bolgian
COngo in the rural foci of the Ituri and Kivu, which are of the
an iqmo variety. Moreover, the distance between these two foci
_s more than 15PO'km, as the crow flies." The above-mentioned
strain had been obtained by Jesierski from the nasal mucus of
a saddle horse born in Elisabethville. a city which this horse

had never left, and which was slaughtered for subsequent de-
livery to the butcher trade, because it had exhibited a
i'tumefaction of the cranial framework which, it was believed,
could be attributed to osteoporosis.11

The germ was identified only after Jesierski had sent
the culture to the Blukwa plague laboratory. No doubt the
strain, a subcilture of which had been sent to us by Devignat,
had indeed possessed all the characteristics noted at Blukwa.

This discovery of a plague bacillus in a region where

plague had been unknown at all times (this is still the case

today) in a horse, a species which is refractory to both the

natural and experimental infection, and the fact that the

strain belonged to the oceanic variety (Devignat's orientaUli8
variety) when all the strains of P. pestis in the Congo had
been found to belong to the continental variety (Devignat's

antiqua variety) represented an enigma for us. From the very

beginning we found so many analogies with the EV s'rain that we
made a comparison and soon concluded that the two cultures were

identical [73]. Tn effect, Burrows, whose competence we relied

on in the antigenic study of the Elisabethville strain, iden-

tified, in the latter, the complex VW which of all attenuated
strains is present only in the EV strain as we have stressed

above; moreover, taking into account the other shared charac-

teristics, Burrows informed us that he had reason to believe

that "Elis" (abbreviation of Elisabethv-1lle) and EV were

strains that were intimately related to one another, one being

a derivative of the other. Now, by a lucky accident -- because

we know the capriciousness of the production of crystals by the

EV strain -- these concretions appeared in their usual form in

two tubes of "Elis" culture. Thanks to this decisive criterion,

there could be no more doubt about the identity of the two

strains. Since the EV strain, the only one belonging to the

opientaUZ variety, had been maintained ac. the Blukwa labora-

tory for the preparation of virus-vaccine and, on the other

hand, since it was confirmed that no experiment had been car-

ried out with it on the horse in question, it seems logical to
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• , con.lude from this curious story th.at the Elis -- alias EV --

szr.ii~n could only have resulted fro_.. ,•;.L.•4.r, ana it was not
zoncern to look for the origin of this error.
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