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1. UNSOLVED PROBLEMS
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AR R
IN PHTHISICLOGY AND THE

FUTURE OF HUMAN TUBERCULOSIS

Arnold R. Rich

The Department of Pathology, The Johns Hopkins University
School of Medicine, Baltimore, U. S. A.

I value very highly the honor of the warm
invitation of this Society, extended to me- by
your President, Professor Kaida, and by your
Secretary-General, Dr. Kumabe, to come to
Japan to address this meeting, and to have
the opportunity of personal contact with the
members of the Society.

In accepting the invitation to speak about
unsolved problems in tuberculosis, I knew
that I would have difficulty in selecting the
subjects for discussion,—certainly not because
of any scarcity of problems relating to the
pathogenesis of tuberculosis, but rather be-
cause of the overabundance of problems, each
of which holds so high an importance for a
proper understanding of this remarkable
disease.

There is, of course, no pathological state,
however trivial, that does not contain deeply
interesting and important problems if one
devotes sufficient attention to it to attempt
to understand it thoroughly. Tuberculosis,
however, stands preeminent among all disease
in richness of recognized interesting and
important problems relating to the establish-
ment of the disease, to the character of
the lesions, and to their progression or arrest.
I say this with due consideration. As far as
we know at present, no other disease is
influenced by so many recognized bodily and
environmental circumstances, each of which
introduces its own particular problems into
the understanding of the pathogenesis of the
disease. N

The great abundance of recognized pro-
blems in tuberculosis is, to a large extent, the
result of the enormous amount of study and
investigation that "has been devoted to this
disease during the 78 years since the dis-
covery of the tubercle bacillus. This long
period of intensive study and investigation

in many different countries throughout
the would has brought to light many
important facts about the tubercle bacillus
and the disease that it causes; but,as I have
had occasion to remark in ancther connection,
it is one of the paradoxes of science that
each new discovery that extends the realm
of the known, instead of decreasing the area
of the unknown, increases it; for the answer
to each important question holds in itself
the germs of a swarm of new questions. It
is not surprising, therefore, that we are still
faced with a great many important problems
relating to this complex disease, tuberculosis.
Some of these problems are common to all
bacterial infections; some of them are appli-
cable to a few infections other than tuber-
culosis; but all of them are problems of
tubérculosis. In addition to their theoretical
interest, the solution of any one of them
could have important practical implications.

Beginning with the infecting agent itself,
there are the fundamental problems relating
to the manner in which various organic con-
stituents of the bacillus (the nucleoproteins,
enzymes and other proteins; the lipides; and
the polysacchardies) act to enable the bacillus
to produce the pathological, immunological
and clinical characteristics of the disease;
the problem of the manner in which each
antibacterial drug acts upon the bacillus to
kill it or to inhibit its activity; the very
important genetic problem of the factors
that cause the bacterial mutations. that are
responsible for the development of drug re-
sistance; the problem of the actual basis of
virulence,—what it is that enables a highly
virulent tubercle bacillus to multiply in the
tissues more readily than a bacillus of low
virulence; the problem of the mechanism of
native species and racial resistance of the
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host (i. e.,, what it is that prevents a bacillus
of a given virulence from multiplyin'g as
readily in the tissues of a natively resistant
species as in a natively susceptible one), and
the even more immediate problem of the
mechanisms that determine the highly impor-
tant differences in the native resistance of
different individuals of the same species and
race,—differences which play so large a role
in determining the outcome of an infection;
the problem of the inguence of sex, and of
the reasons for the differences in the clinical
and pathological manifestations of tubercu-
losis in infancy, in childhood, at adolescence,
in adulthood and in old age; the problems
relating to the factors responsible for the
development of the strikingly different types
of tuberculous lesions; the problem of the
differences in the susceptibility of different
organs, and of the tendency, in the human
being, for progressive tuberculosis to develop
in one bilateral organ if the opposite one is
infected, even in the case of organs such as
the adrenals or the eyes, in which no direct
pathway of infection from one to the opposite
organ exists; the problem of the mechanism
through which hypersensitivity increases
tissue damage and symptoms, and the pro-
blem of discovering a safe and effective me-
thod of desensitization to prevent those un-
favorable effects in appropriate cases; the still
unsolved problem of the mechanism of ac-
quired resistance,about which our information
is far more deficient than in the case of
most bacterial infections; the highly impor-
tant practical problems of the manner of
action of the different factors which are
believed to influence resistance to tubercu-
losis unfavorably, such as malnutrition, phy-
_sical overexertion, mental overstrain, insu-
flicient sleep, intercurrent infections, silicosis,
endocrine disturbances such as diabetes, and
the adjustments that occur at puberty; the
problem of the nature of that very real but
still completely obscure condition that can
affect tuberculosis adversely and which, for
want of more precise knowledge, has long
been designated as “the run-down state”;
the debated problem of the beneficial effect
upon tuberculosis of the out-door life, of
sunlight, and of meterorological conditions;
the problem of the relative importance of

exogenous and of endogenous reinfection in
the initiation of progressive tuberculosis,
and the related problem of the degree of
hazard in marital exposure and in the ex-
posure of physicians, medical students and
hospital nurses to the disease; and finally,
the problem as to whether an arrested pri-
mary infection is likely to be more dangerous
in itself than protective against further in-
fection.

This recital of some of the unsolved pro-
blems of tuberculosis is far from complete.
Many more important problems could be
mentioned. But this incomplete list can serve
to recall the complexity of this remarkable
disease, and to make clearer why it has been
difficult for me to decide which of these
many interesting and important problems I
should select for discussion in this lecture.
The solution of any one of the unsolved
problems of tuberculosis would not only
greatly increase our understanding of funda-
mental pathogenetic processes, but could
also have decidedly practical implications.

On looking over the many problems in the
pathogenesis of tuberculosis that I had
occasicn to discuss in the first edition of
my book on the subject, while it is gratifying
that light has since been thrown upon some
of the problems, it is rather unfortunaté’
that so few of them have been solved in ‘the
intervening years. There is little doubt that
one of the chief reasons for this has been
the development of the very helpful drugs
active against the diseaee. It is perhaps
natural that whilec the discovery of a drug
that is highly effective in the treitment of
an infection may stimulate investigation into
the manner in which the drug acts upon the
bacterium, investigation into the fundamen-
tal problems of the pathogenesis of the
infection itself often decreases greatly, for
those important problems then appear to be
less urgent. This, however, is unfortunate;
for even though the morbidity and mortality
of an infection are greatly reduced by drug
treatment, as long as infection by the caus-
ative agent continues to exist some of those
who are infected will be incapacitated by it,
and some will die from it. It is small com-
fort to those unfortunates to know that,
statistically, fewer persons are incapacitated
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or killed by tuberculosis than formerly,
though they, themselves, might have been
saved had there been a better understanding
of the pathogenesis of the disease.

Furthermore, as long as the causative agent
exists, there is the threat that conditions
favorable to the bacterium may arise, and
may cause a revival of its spread in the
population. There is also the threat that the
development of drug resistance by the bac-
teria may outstrip the ability to discover new
effective drugs. It is therefore of long-
range importance to learn as much as possible
about the mechanisms that increase or dec
rease individual resistance to the infection,
independently of drugs; for that knowledge
could be of great value in the very important
matter of preventing the. development of the
disease and, indeed, in assisting recovery
under drug ‘treatment in those in whom the
disease has become established.

In selecting certain problems for this dis-
cussion, I do not wish to imply that, they
are necessarily the most important problems.
I should like to stress this, because when
dealing with fundamental problems of path-
ogenesis, it is, as you well know, often quite
impossible to forecast which problem will
have the most farreaching effects if it is
solved. The history of science is filled with
instances in which the solution of what
appeared at the time to be a minor problem
of no broad application, has unexpectedly
provided the information which made possi-
ble tremendous advances in knowldege and
in the welfare of mankind. However, we
may fairly begin with the question: What
problems, if they can be solved, appear at
present to offer the greatest promise of as-
sisting in the control of tuberculosis by pre-
venting progressive infection, or by arresting
it when it occurs ? I have chosen to comment
upon problems relating to chemotherapy and
to host resistance to infection.

I think that you will agree that among the
highly important practical problems are those
relating to effective drug therapy, for that
is not only) life-saving for those who are now
suffering from tuberculosis, but by healing
their lesions sources of infection for other
are reduced.

About twenty-five years ago, the authors

of the most authoritative bdok on the che-
mistry of the' tubercle bacillus and of the
tuberculous patient, discussing the possibility

of discovering a bactericidal drug that could

cure tuberculosis, stated: *“In the animal
body the bacilli are protected by living cells
from attack by agents introduced into the
body of the infected animal, and gcnerally
these cells are much less resistant to strange
chemicals than are the hardy, wax-armored
tubercle bacilli. The plasma has also a dis-
concerting power to bind and inactivate bac-
tericidal agénts.' Therefore the possibility
of actively killing tubercle bacilli in tuber-
culous lesions by means of any conceivable
sort of antiseptic agent seems remote or
hopeless” (1).

While the antituberculosis drugs that arc
available today are effective far beyond the
expectations of most thoughtful tuberculosis
experts of past generations, there are, as
you well know, continuing active efforts to
discover better ones. The chief improvements
that are desirable in an antituberculosis
drug are, first, that it should possess a more
potent bactericidal power; second, that its
manner of action should provide no favorable
opportunity to the tubercle bacillus to develop
resistance against it; and third, that it should
cause fewer or no injurious sideeffects. The
first two of these desired qualities depend
upon chemical interactions between the drug
and the bacillus; the third, upon chemical
interactions between the drug and the human
body. If we are not to be left dependent
upon blind trial-and-error in the search for
antituberculosis drugs having the desirable,
and as yet unattained, qualities that I have
mentioned, it is essential to gain a better
understanding of the chemistry of the meta-,
bolism of the tubercle bacillus, and of the
manner of action of the various antibacterial
drugs that we now have; and we must ac-
quire knowledge concerning the chemigcal
qualities that enable a drug to act as a sensi-
tizing agent.

In an intelligent search for a drug of
superior bactericidal power, one should cer-
tainly strive to learn more about the possible
ways in which drugs can disrupt the life
processes of the bacterium. A limited amount
of important information in this regard has



26 Rl

been obtained; but it is very limited, and
had its beginnings in studies concerned with
bacteria other than the tubercle bacillus. You
know, for example, that the sulfonamides
have a chemical structure resembling that
of para-aminobenzoic acid, a metabolite es-
sential for the life processes of the bacteria
that the sulfonamides affect. This structural
resemblance deludes the bacteria into accep-
ting the sulfonamides, instead of para-amino-
benzoic acid, into metabolic reactions that
require para-aminobenzoic acid; but since the
sulfonamides, though structurally similar;
cannot perform the chemical function of para-
aminobenzoic acid, the essential bacterial me-
tabolic reaction is disrupted.

This provides valuable information about
one way in which a drug can exert an anti
bacterial effect, and offers one rational me-
thod of attack in the search for new and
better antibacterial drugs. This particular

method of approach, of course, can be used -

only in the case of a metabolite that is
essential for the life processes of the  bac-
terium but not for cells of the host, else they
too would be injured or destroyed by the
~drug. It is obvious that an increase in in-
formation concerning the nature of the me-
‘tabolic systems neccessary for the life of the
tubercle bacillus, could greatly aid the appli-
cation of this bactericidal principle to the
tubercle bacillus, —that is, the principle of
excluding an essential metabolite from a
vital enzyme system by causing the bacillus
to accept in its place a drug that is struc-
turally similar, but which cannot fulfill the
function of the metabolite.

Information regarding other ways in which
antibacterial drugs exert their effects is ac-
cumulating slowly, but there is still very
little really precise information available.
Obviously, the more knowledge that is ob-
tained regarding the metabolic processes of
the tubercle bacillus, the greater will be the
possibility of searching intelligently for
drugs which can interfere successfully with
essential life processes of the tubercle ba-
-cillus. But in addition, there is every reason
to believe that a better understanding of
the metabolic processes of the bacillus would
increase our understanding of the manner
in which it damages tissueAand produces

. the pathogenesis of tuberculosis.

disease; would greatly assist our attempts
to understand the mechanisms of virulence,
of native resistance, and of acquired resis-
tance; and would point the way to the solu-
tion of numerous other unsolved problems in
The study
of the metabolism of the tubercle bacillus,
therefore, has much wider implicatioris than
those concerned with the development of
better antibacterial drugs. It occupies a cru-
cial place in the effort to find answers to
‘many of the most important unsolved prob-
lems in the pathogenesis of tuberculosis.

To return to the subject of improving the
efficacy of antituberculosis drugs, a sccond
major problem relating to antibacterial drug
treatment, particularly in a chronic infection
such as tuberculosis in which the drug has
to administered for long periods of time, is,
of course, the prevention of the development
of drug resistance. When a bacterium deve-
lops resistance to a drug during the treatment
of an infection, the antibacterial effect of
the drug is, of course, weakened or com-
pletely abolished, and the drug loses much or
all of its usefulness as a therapeutic agent.
In addition, the drug-resistant bacteria can
then be spread in the population, giving rise
to an increasing number of infections which
will not respond to treatment with the drug.
This is precisely what has becen happening
in the case of the well-known,- serious in-
crease in drug-resistant staphylococci in po-
pulations in which the use of antibiotics is
widespread. Even if drugs are discovered that
are far more effective against the tubercle
bacillus than .those now available, the pro-
blem of the development of drug resistance
by the bacillus will, in all pfobability, still
be with us, unless more is learned about the
ways in which antibacterial effects can be
produced by drugs, and about the processes
which enable bacteria to become resistant to
the injurious effects of drugs. Our informa-
tion about these matters is still very slight.
A more adequate understanding might well
make it possible to design a drug that would
exert a bactericidal effect by acting at an
essential metabolic point in a manner that
the bacierium could not evade by developing
a compensatory mechanism of drug-resiss
tance.
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I shail not discuss the fragmentary infor-
mation concerning the possible mechanisms
responsible for drug resistance. One thing
about the development of the process, how-
ever, seems clear: it involves an inheritable
change in the bacterium, which enables it
to escape the injurious action of the drug.
It is widely believed today that the inherit-
able change is not caused by the action of
the drug, and that it would have occurred
even if the bacteria had never been in contact
with the drug, —in other words, that the
change represents a spontaneous mutation
which gives rise to drug-resistant bacteria
among the progeny of the multiplying, drug-
susceptible bacteria. When a spontaneous
mutation of this sort occurs in the infecting
bacteria of a patient under treatment with
an antibacterial drug, the resistant mutants
will survive contact with the drug, while
all or most of the bacteria that remain
susceptible to the drug will be destroyed by
it, leaving the body at the mercy of the
multiplying drug-resistant mutants.

There is, indeed, good evidence that in a
culture of bacteria that are susceptible to a
given drug, mutants can appear which are
resistant to the drug, even though there has
been no contact of the bacteria with the
drug. Hewever, in the présent inadequate
state of our information, I think that it
would be unwise to exclude the possibility,
if not the probability, that drug-resistant
mutants may also result from the action of
drugs. upon susceptible bacteria. There are,
/in fact, reasons for believing that this may
occur. Certainly, it would seem much wiser
to leave the question open at present, rather
than to conclude, as some would do, that
drugs cannot influence bacteria to produce
drug-resistant mutants. If the question is
left open, it can encourage further study,
and that is important; for if it is established
that drug-resistant mutants can result from
the action of a drug upon susceptible bacteria,
study of the conditions responsible for the
production of the mutation might well bring
to light information that would make it pos-
sible to desing bactericidal drugs that would
have no tendency to cause the drug-resistant
mutations, which are so serious a problem
in antibacterial chemotherapy at present,

The third important quality to be sought
for in the attempt to obtain a morce cffective
antituberculosis drug, is that it should be
as free as possible from undesirable effects
upon the body, which either make the drug
difficult to tolerate with reasonable comfort,

" or render it seriously dangerous to the body’s

tissues. The avoidance of effects which are
caused by a direct toxic action of a drug
upon body fissues (such, for example, as the
effect of streptomycin upon the 8th nerve)
is, of course, of decided importance. I shall
not, however, discuss here the forms of direct
toxic injury produced by individual drugs.
I shall confine the present discussion to the
problem of the injurious and even fatal ef-
fects that result from the development of
hypersensitivity to a drug; for while each of
a series of drugs may produce its own specific
toxic effect, the group of injurious effects
produced by hypersensitivity are the same,
regardless of the drug to which the body
becomes sensitized. The development of
hypersensitivity, therefore, presents a special
type of danger that accompanies the admi-
nistration of sensitizing drugs of widely di-
ffering chemical constitution, ranging from
simple chemical elements such as iodine, to
organic compounds such as penicillin and
streptomycin; and it is a danger that can
accompany the use of drugs that possess no
direct toxicity, but which, because of their
sensitizing power, are rendered capable of
producing markedly injurious effects.

The number of useful drugs that are now
known to produce hypersensitivity is very
large indeed; and it is a continuing experi-
ence that among the additional newly devised
drugs that are being produced in rapid suc-
cession and used in the treatment of infec-
tions and other conditions, many trun out to
be injurious sensitizing agents as well as
useful drugs. It is therefore urgent to at-

‘tempt to obtain information that will serve to

reduce or abolish this rapidly increasing dan-
ger of seriously injuring patients by drugs
that are administered to help them. The
importance of this problem has, indeed, led
to the formation of an international sympo-
sium which, during three days, was occupied
exclusively with the problems of serious
hypersensitivity reactions to drugs (2).
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Present evidence indicates that a sensitiz-
ing .drug becomes antigenic by
itself to body protein, thus creating a protein
configuration that is foreign to the body, and
therfore capable of inducing the formation
of an antibody that reacts specifically with
the drug. The clinical, pathological and ex-
perimental information that we now possess
leaves little reasonable doubt that the inju-
rious effects of drug hypersensitivity reac-
tions are the results of the interaction of
the drug with its specific antibody. The
hypersensitivity is of the anaphyvlactic, not
the tuberculin type.

Apart from its familiar, life-threatening
hematological effects, drug hypersensitivity
may produce injurious local effects, accom-
panied by marked inflammatory infiltrations,
often containing eosinophils, in various tis-
sues. Shortly after the sulfonamides began
to be widely used in therapy, clinical effects
that were quite like those familiar in ana-
phylactic serum-sickness, and which were
clearly the result of hypersensitivity to the
drug, began to be recognized by various
observers (3), and we reported a sharp rise
in the incidence of periarteritis nodosa on
our autopsy service. It was found that these
cases of periarteritis nodosa had occurred in
patients who had been treated with sulfon-
amides and foreign serum, or with sulfon-
amides alone, and had exhibited clinical evi-
dences of a hypersensitivity reaction before
death (4). Dr. Gregory and I (5), in experi-
ments that have been confirmed by many
investigators, then showed that this destruc-
tive vascular lesion, in all respects like that
of human periarteritis nodosa, could be pro-
duced experimentally by subjecting animals
to be protracted hypersensitive reaction of
the anaphylactic serum-sickncss type. I think
that there can be little doubt that the vas-
cular lesions that Masugi and Sato (6) and
Miura (7) observed in animals that were
given repeated intravenous injections of fo-
reign serum, were of the same type.

We then reported the occurrence of peri-
arteritis nodosa in a patient who died from a
severe hypersensitive reaction to iodine (8),
and in another who had exhibited hypersen-
sitivity to aspirin (9). Other visceral lesions
which are caused hy hypersensitivity to drugs

attaching -

arc myocarditis that can be severe enough
to cause heart failure; pnecumonitis; necroses
in the spleen and lymph nodes ; degeneration
of connective tissue collagen; marked pan-
creatitis; and glomerulo- and interstitial ne-
phritis, both of which can be severe enough
to cause death from uremia (10). We have
become familiar with all of these results of
drug hypersensitivity. . The literature now
contains reports of the occurrence of these
lesions in hypersensitive reactions to a wide
variety of sensitizing drugs, including sul-
fonamides, Dilantin, neoarsphenamine, thio-
urea, phenobarbital, amidopyrine, penicillin,
streptomycin, and other antibiotics. ‘

There can be no doubt that in the instances
in which the death of a patinet is directly
due to lesions resulting from hypersensitivity
to a drug, either the development of hyper-
sensitivity was not recognized clinically, or
else the dangers of hypersensitivity were not
understood by the physician. Certainly, cases
in which the development of drug hypersensi-
tivity was mnot recognized clinically are
found to be not very rary in any hospital
in which careful autopsies are performed by
pathologists who are familiar with the le-.
sions of drug hypersensitivity. The failure to:
recognize the development of hypersensitivity
to a drug can be unfortunate, for the con-
tinued administration of a drug after hyper-
sensitivity has appeared can lead to a fatal
result, whereas if the development of hyper-
sensitivity is recognized early enough, and
a different drug can be substituted, the body
will be spared from further damage by
hypersensitivity. It is however, not always
easy to detect the development of hypersensi-
tivity clinically, particularly in patients who
are febrile from infection. Indeed, it can be
virtually impossible.; and this serves to em-
phasize the need of a reliable test for the
presence of hypersensitivity to drugs. At
present, there is no reliable test.

There is another potential adverse effect
of drug hypersensitivity which, as far as I
am aware, has received no attention, but
which deserves serious study. I refer to the
effect of the antibody of hepersensitivity in-
reducing the therapeutic activity of a drug.
FHhypersensitivity to diphtheria antitoxin pro-
vides an example of the action of hypersensi-
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tivity in 1*(‘(_![1(:in?;zth<: " effectiveness of a
therapeutic agent. It is well established that
in the treatment of diphtheria with horse
seum antitoxin, if the patient is hypersensi
‘tive to horse serum the antitoxin will be
much less effective than it would be in the
non-hypersensitive body. The reason for this
is that hypersensitivity to horse serum is
the resut of the production of antibodies
against the various proteins of the horse
serum. When the serum is injected into the
hypersensitive body the antidodies unite with
the horse serum proteins, forming complexes
of horse protein and antibody. If the horse
serum is injected into the tissues, the for-
mation of the aggregates of horse serum
protein with antibody interferes with the
free absorption of. the proteins from the site.
If the horse serum is injected intravenously,
the complexes of horse protein and antibody
are very rapidly cleared out of the blood
stream. Since the diphtheria antitoxin is
itself a protein of horse serum, in the hyper-
sensitive body it, too, will unite with its
appropriate antibody and form complexes
which will tend to be held at the site wher-
ever the antitoxin is injected into the tissues,
or will be cleared from the circulation with
great rapidity if the injection is made into

the blood stream. Either of these results will’

reduce the therapeutic effectiveness of the
antitoxin by reducing the amount that will
reach the sites where it is needed to neutral
ize the toxin.

It seems altogether reasonable to believe
that a somewhat similar interference with
therapeutic effectiveness may occur when
the body becomes hypersensitive to antibacteri-
al drugs. Though the union of a non-protein
drug with its specific antibody does not result
in the formation of large precipitating com-
plexes, it is reasonable to believe that the
therapeutic effectivenes of the drug could
be destroyed if a part of its configuration
were obliterated by the attached antibody,
and also that the attachment of the drug to
its globulin antibody would reduce its ability
to diffuse freely through the tissues and into
lesions to reach the bactera, and would also
interfere with the penetration of the drug
into the bacteria. The development of hyper-
sensitivity during the administration of an

antibacterial drug, therefore, not only carries
the danger of serious injury to the body
but, in addition, may decrease the antibacteri-
al effectiveness of the drug. Since there is
no doubt that during the administration of
a sensitizing drug hypersensitivity can deve-
lop without clinical recognition the potenti-
ality of hypersensitivity in reducing the
effectiveness of the drug in this manner is
a problem deserving pointed study; for in
the union of the drug with its specific anti-
body markedly reduces the antibacterial ef-
fectiveness of the drug, the infection could
progress unimpeded in spite of the administ-
ration of the standard dosage of ohe drng.
This further emphasizes the importance of
searching for a reliable clinical test that
will reveal the development of hypersensi-
tivity during the administration of a sensi-
tizing drug.

The problem of freeing the patient from
the dangers of drug hypersensitivity could
be approached in several ways. First, the
deliberate attempt can be made to create
drugs that are effective, but which have no
capacity to sensitize the body, or possess that
capacity to only a slight degree. To accom-
plish this, it is obviously essential to become.
better informed about the chemieal structures"
and properties that confer upon drugs the
power of acting as an antigen, in order to
learn whether those qualities can be avoided
in the creation of new drugs, or removed
from existing sensitizing drugs without des-
troying their effectiveness. There has been
only a beginning of studies directed toward
this end, and up to the present virtually no
serviceable information has been obtained.
The present lack of a test animal suitable
for studies on drug hypersensitivity, renders
study of the problem more difficult, but it
is by no means insoluble.

While the procedure - of eliminating the
sensitizing power of a drug, if that can be
achieved, would obviously be the perfect way
in which to avoid the dangers of drug hyper-
sensitivity, a second method of protecting
the patient would be to discover how to
prevent the interaction of a sensitizing drug
with its antibody, for it is this interaction
that causes tissue damage. Here we enter
the field of desensitization against the ana-
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‘hieved in scme patients
i drugs (11), there is at prese

cifective, generally dupncable
! " preventing the interaction of a
sensitizing drug with its antibody. This
problem remains to be sclved.

The harmful effects of drug hypersen-
sitivity could be avoidcd if we were able to
prevent the tissue mJur r that is caused by
the interaction of a sensitizing drug with
its specific qntlbc r, when that interaction
oceurs. The 1<4110ﬂa1 approach to this probiem
lies in the attempt to gain an understanding
of the mechanism by which the interaction
of an antigen with its specific antibody in-
jures tissues, In spite of the great importance
of this fundamental problem, not only in
regard to hypersensitivity to drugs but also
for all types of allergic diseases, we have
virtually no information whatever abeut it.

It has been widely believed that the tissue
injury produced by the anaphylactic type of
hyp 1sen>1t1v1t§, is caused by the liberation
stamine at the site of the antigen-anti-
interaction. Histamine liberation may
possibly account for some of the minor

ccts of hypersensitivity, such as urticaria,
hut 1 thmk that it is clear that it is not the
¢ of the more sericus lesicns of hyper-
ensitivity such as periarteritis nedosa, the
mononuclear and cosinophil inflammatory in-
filtrations that can be extensive enough to
produce heart failure or renal failure, dege-
neration of collagen, and the hemorrhagic,
inflammatory-necrotic damage to tissue
characteristic of the Arthus phenomenon.
None of these effects of hypersensitivity can
be produced by the injection of histamine
into the tissues, nor can they be prevented
either experimentally or clinically by the so-
called antihistaminic drugs.

1t seems highly likely that the lesions of
zn‘xaph‘i’laciic hypersensitivity. are p'"“fl’.l\,eﬂ
injurious agent of some sort that is

in some way, _z‘esu;t of the
-antibedy interaction; but the injurio
vet been identified.
lved ;
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we knew what the a(fremi
damage is, it might well be found possible to
neutralize its injurious effects. Knowledge
that would provide a safe, effective and specific
means of neutralizing the agent responsible
for the injurious effects of anaphyactic
hypersensitivity would, obviously, be of in-
estimable valie, not only in the prevention of
the damaging effects of hypersensitivity, but
also in abolishing the distressing and dan-
gerous effects of the antigen-antibody inter-
action in the great field of allergic discases.

Finally, only some of the many persons to
whom  sensitizing drugs are administered
develop clinical or pathological manifestations
of hypertensitivity to the drugs. Similarly,
as is well known, only some of those who
are repeatedly exposed to other types of sen-
sitizing agents in their environment develop
manifestations of hypersensitivity, while
many others who are equally exposed to the
same agents do not, even though specific
antibody can be demonstrated in their serum,.
The explanation of these individual differen-
ces in reactivity to sensitizing atnigens is
one of the great problems in the field of
hypersensitivity. If we understood the rea-
sons for these differences it might well be
possible to apply that knowledge in a highly
beneficial way.

Before leaving this discussion of hypersensi-
tivity to drugs, I would like to mention an
unexpected observation, of interest in relation
to tubercle formation, that arose during our
studies on drug hypersensitivity. The nature
of the force that causes the mononuclear
phagocytes to cluster together and adhere
to each other to form a tubercle is one of
the fundamental problems in the pathology
of tuberculosis, and it is an unsolved problem.
The attempt has often been made to attribute
tubercle formation in tuberculosis to the fact
that the bacillus has a very high lipide
content. We pointed out some years ago (12)

at while the lipides extracted from the
baci}.li will indeed cause the formation of
giant ce is and epithelioid cells, it requires
on of relatively enormous amounts
lipi dLS to produce this effect, —amounts
greater than that present in the few
Ui th suffice to cause tubercle formation.

erfectly clear that no lipide has ever

that produces the
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rcle bacillus that
can account for the marked tendency for
tubercles to be formed in the body infected
with the tubercle bacilius. Furthermore, it
is well known that tubercle formation occurs
not only in tuberculosis, but in certain Other
infections caused by bacteria, spirochetes,
and fungi that are not characterized by
having a high lipide content. Among these
infections may be mentioned brucellosis (bac-
terial), syphilis (spirochetal), and blasto-
mycosis (fungal).

During our studies of hypersensitivity to
drugs we encountered a fatal case of hyper-
sensitivity to iodine, in which tubercles, and
also tuberculoid tissue (that is, irregular
accumulations of coherent epithelioid cells
and giant cells), were present in the spleen in
the absence of tubercle bacilli or tubercu-
losis (8). The subsequent finding of tubercles
and tuberculoid tissue in other non-tuberculous
patients who had hypersensitivity reactions
to a wide variety of different drugs, led us
to believe that lesions of this type might be
‘caused by the anaphylactic antigen-antibody
reaction that is responsible for drug hyper-
sensitivity. This received ample confirmation
when we found that tuberculoid lesions could
be produced experimentally by subjecting ani-
mals to a protracted, systemic antigen anti-
body reaction of the anaphylactic, drug hy-
persensitivity type, though produced by bland
foreign proteins instead of by drugs (13).
These experiments have been confirmed by
others, and it is now clear that under proper
conditions, the antigen antibody interaction
in anaphylactic hypersensitivity can cause
the development of tubercles and tuberculoid
lesions. Germuth (14), in our laboratory, in
beautiful experiments, has recently shown
that lesions of this type can be produced
with surprising rapidity by introducing a
protein antigen and its specific antibody into
the blood stream of a normal animal under
proper conditions. The mechanism by which
the antigen-antibody interaction stimulates
the formation of tubercles and tuberculoid

been obtained from the tube

tissue is not yet understood. Whether an

anaphylactic antigen antibody interaction pla-
vs any role in the development of tubercles
in tuberculosis and in the other infections
in which tubercles occus, is certainly not

but in view of our ignorance regarding

clear,
the cause of tubercle formation in tuber
culosis, that problem is worthy of study.

There is at present no acceptable evidence
that the tuberculin type of hypersensitivity
is responsible for tubercle formation. .
" If T have spoken at some length about pro-
blems relating to antituberculosis drugs, I
have done so because, in the first place, the
main problems that I have discussed are of
decided importance in the control tubercu
losis. For the longrange control of tubercu-'
losis, it would be most unwise to depend
exclusively upon the method of trial-and-error
in the search for new effective antitubercu-'
losis drugs that can replace the few that
we now possess. There is very good reason
to believe that unless there can be discovered
new, effective antituberculosis drugs to which '
the tubercle bacillus will have little or no
tendency to become resistant, the problem
of the drug-resistant bacilli could, in time,
become a vitally important one; for the gra-
dual elimination of the susceptible bacilli,!
leaving*the the drugresistant strains to sp-
read uncontrolled through the population,
could lead to a loss of the great gains that
the present drugs have contributed to the
control of tuberculosis. T y‘?

In the second place, a rational approach to
the search for drugs that will destroy the
tubercle bacillus more effectively, and a ra-
tional approach to the creation of drugs to
which the tubercle becillus cannot bacome !
resistant, require a better understanding of
the metabolic processes of the bacillus than
we now possess; and, as I have said, a sig-
nificant increase in our information regarding
the metabolism of the tubercle bacillus would
be of great assistance to the solution of
some of the most important of the unsolved
problems relating to the interaction between '
the bacillus and the human body in the pa-

‘thogenesis of tuberclosis. i

In the third place, informatjon regarding
the mechanism responsible for the injurious '
effects of the anaphylactic type of hyperse-
nsitivity to drugs might well provide a clue

- for the attack upon the important unsolved

problem of the mechanism through which
the familiar injurious effects of the tuber-
culin type of hypersensitivity are produced.
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Finally. pathogenesis includes all influen-
ces, internal and environmental, that affect
the development of a discase, and antituber-
culosis druge exert a highly important influ-
ence on the infecting agent and on the tis-
sue reactions of the host. Problems relating
to the. effects of drugs upon the tubercle
bacillus and upon the infected human body
are, therefore, problems that are decidely
important to the pathogenesis of tuberculosis
and to the future of human tuberculosis.

The pathogenesis of a bacterial infection
includes factors that influence, primarily, the
activity of the bacteria, and other factors
that influence, primarily, the host’s reaction
to the bacteria. The development of the in-
fection can be profoundly influenced either
by changes in the activity of the bacteria,
or by changes in the host’s reactivity. I have
discussed some of the problems relating to
a factor of great importance that affects
primarily the activity of the tubercle ba-
cillus, namely, the antituberculosis drugs. I
should now like to mention several of the
.major unsolved problems relating to the
reactivity of the host.

Certainly, the most helpful alteration of
the body’s reactivity would be an increase
in its resistance to the tubercle bacillus;
that is, an increase in its ability to inhibit
the multiplication of the bacilli and to des-
troy them. There are, as you well know,
two different mechanisms by which the body
resists the attack of the tubercle bacillus:
one, an inborn, native resistance; the other,
a resistance acquired as a result of contact
with the bacillus.

There is ample evidence that the basic
mechanism of native resistance to the tube-
rcle bacillus is conferred by inheritance.
This is quite clear in the case of the marked
differences in the native resistance of diffe-
rent animal species; and even in a given
species the influence of heredity in determi-
ning the degree of native resistance of diff-
erent individuals has been demonstrated with
perfect clarity by the inbreeding experiments

of Lurie (15) and others. There is evidence
that the inherited level of native resistance
may be modified by a variety of circumstan-
‘ces. But what is the mechanism of the basic
inheritable native resistance? This is one of

major unsolved problems in the pathogenesis
of tuberculosis, for there can be little doubt
that the level of native resistance that is
possessed be each individual plays a very
large, and probably often the dominant role
in determining whether a primary infection
in a healthy individual will be arrested or
will give rise to progressive disease.

The marked differences in the degree:of
native resistance in different animal species,
and in inbred families of the same species,
have been clearly established experimentally
for many years. It seems rather remarkable,
therefore, that there has been so little study
of the mechanisms through which native
resistance restrains the actiyity of the tub-
ercle bacillus. In proportion to the fundame-
ntal importance of this problem, very little
study has been applied to it, and it is proper
to say that we have, at present, no welles-
tablished information that enables us to und-
erstand just how the natively resistant body
inhibits the multiplication and promotes the
destruction of the tubercle bacillus.

It has long been clear, and it is easy to
demonstrate experimentally, that tubercle
bacilli can neither increase in numbers nor
survive as well within the mononuclear ph-
agocytes in the natively resistant body as
they can within those cells in the natively
susceptible body; but the mechanism by
which the phagocytes of the natively resis-
tant body suppress the activity of the bacilli
is completely obscure. How does the interior
of the mononuclear phagocyte in the natively
resistant body differ from the interior of
the phagocytes in the natively susceptible
body ? And is that difference an inherited
metabolic quality of the mononuclear phag-
ocytes, or is it a difference that is conferred
upon the phagocytes by inherited differences
in the surrounding extracellular fuids?
These are unsolved, but soluble problems,
and they deserve intensive study, not only
because of their great biological interest, but
because if we had the answers to these qu-
estions—if we knew how the natively resi-
stant body suppresses the activity of the
tubercle bacillus—it might be possible to
apply that knowledge to the important pro-.
blem of increasing the resistance of the
infected human body. e
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During natural infection, and following
vaccination by a virulent or even killed tu-
berele bacilli, the body develops acquired
resistance, which manifests itself as an in-
creased ability to restrain virulent tubercle
bacilli from increasing in numbers as rapidly

‘and progressively in the tissues as they do

in the body without acquired resistance, and
to destroy them. As in the case of native
resistance, there are highly important uns-
olved problems relating to the mechanism
by which this protective effect of acquired
resistance is accomplished. It is true that
following infection or vaccination, agglutin-
ating, opsonizing, and complement-fixing an-
tibodies appear in the serum; but whereas
in the case of acute infections, such antibody-
containing sera from animals with acquired
resistance can ordinarily be easily shown
to confer resistance upon normal animals
when it is injected into them, the serum of
animals with acquired resistance to tuber-
culosis has not yet been satisfactcrily shown
to increase the resistance of normal animals.
It is fair to say that none of the experi-
ments of this type that have been attempted
up to the present have been carried out
under proper conditions. In a chronic infec-
tion such as tuberculosis, there are compli-
cations that make this passive transfer ex-
periment more difficult than in an acute in-
fection, but the difficulties are by no means
insuperable, and there are reasons for be-
lieving that the serum of animals with ac-
quired resistance to tuberculosis, or the anti-
body fraction of the serum, concentrated by
methods that are now available, may be
found to increase the resistance of normal
animals when injected under proper condi-
tions.

This matter has more than a theoretical
interest. If a protective antibody can be
demonstrated in the serum of the body with
acquired resistance, it would not only throw
greatly needed light upon the still unsolved
mechanism of acquired resistance in tubercu-
losis, but would also open the way for the
development of a test for the presence, and
perhaps for the degree, of acquired resistance
in man; and a test for acquired resistance
in tuberculosis has long been fervently desir-
ed. Such a test, if it properly reflected ac-

g
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quired resistance, would provide a means of
judging the relative ability of a patient to
resist his infection; it would enable one to
study the fluctuations in a patient’s resistance,
and to gain more precise information about
the conditions that tend to increase or to
decrease acquired resistance ; it would pro-
vide a means of determining the relative
efficacy of different preparations of vaccines
such as BCG; and it would be of great ser-
vice as a test in the effort to isolate an effec-
tive immunizing antigen from the tubercle
bacillus.

As in the case of native resistance, it has
long been obvious that the mononuclear phago-
cytes within the body with acquired resis-
tance have developed a markedly increased
ability to inhibit the multiplication of tuber-
cle bacilli and to kill them. I have pointed
out elsewhere that this is not simply an in-
crease in the degree of native resistance, as
had been assumed by some students of tu-
berculosis, but that there is evidence that
the mechanism of acquired resistance is di-
fferent from that of native resistance (16).

There has been some disagreement as to
whether the monounclear phagocytes, whose
ability to inhibit the tubercle bacillus is
so clearly increased within the body with
acquired resistance, can preserve that ability
when they are removed from the body and
kept alive in tissue cultures. Imay say that
recent experiments, begun in our laboratory
by Dr. Berthrong, seem to be demonétrating
consistently that the mononuclear phagocytes
of animals with acquired resistance to ex-
hibit a marked inhibitory effect upon the
tubercle bacillus outside the body in tissue
cultures. But the mechanism by which their
restraining effect is accomplished, whether
within the body or in tissue cultures, is still
completely obscure.

When this inhibiting power of the mono-
nuclear phagocytes has been well developed,
the bacilli can remain alive in lesions for
very long periods of time, often for years,
but their free multiplication is restrained and
the lesions therefore do not progress. This
bacteriostatic power of acquired resistance
plays an extremely important role in the
pathogenesis of tuberculosis. It is responsi-
ble for the fact that when a patient arrests
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his infection he may remain symptom-free
for years, with no increase in the size of his
lesion even when the lesion contains living
bacilli, since the bacteriostatic action of ac-
quired resistance prevents the bacilli from
“increasing appreciably in numbers. But un-
‘less all of the bacilli in the lesion are killed
(which often does not occur) the patient re-
mains continually in danger of a relapse, for
if he loses the bacteriostatic power of his
acquired resistance the bacilli that have re-
mained alive, but'inactive, in the lesion can
resume their multiplication, the destruction
of tissue will begin again, and the patient’s
life will again be threatened.

Although the mechanism responsible for

this bacteriostatic effect of acquired resistan-
ce is obviously one of the great unsolved
problems in the pathogenesis of tuberculosis,
very little study has been applied to its solu-
tion. As I have said, we know nothing of
the process by which the mononuclear phago-
cytes inhibit the activity of the tubercle
bacillus in the body with acquired resistance,
and nothing of the process by which that
inhibitory power becomes lost, causing a re-
lapse. As for possible humoral inhibitory
factors, a few investigators have reported an
inhibition of the multiplication of tubercle
bacilli by the body fluids of animals with
acquired resistance, but others have not been
able to detect such an effect, and there are
certain sources of error in the experiments
in which an inhibition of multiplication was
observed. The interesting in vivo experiments
of Tsuji and his co-workers in Kyoto (17)
provided suggestive evidence of a bacteriosta-
tic effect of the body fluids of animals with
acquired resistance, and these investigators
themselves, with an admirable judicial cri-
tique, pointed out possible sources of error
in their own experiments. While it certain-
ly cannot be said that a bacteriostatic effect
of the fluids of the body with acquired resis-
tance does not exist, it is fair to day that it
has not yet been clearly proven to exist.

i I shall mention only one more unsolved
problem, namely, the very important problem
of increasing the resistance of the uninfec-
ted body. Today, this problem is of especial
importance for the control of tuberculosis in
populations in which the morbidity and mor-

o

‘ degree of its effectiveness.

tality from the discase are still high, and
also for the protection of uninfected persons
everywhere, who have to live in intimate
contact with sources of infection. But let us
not forget that immunization will become a
problem of universal importance if drug-resis-
tant strains of tubercle bacilli continue to
develop faster than new drugs are produced
to destroy them.

We have in BCG a vaccine which definitely
increases the resistance of a wide variety of
experimental animals to tuberculous infec-
tion, and therec is every reason to believe that
under proper conditions, when properly pre-
pared, it confers some degree of increased
resistance upon the human being as well.
However, after 40 years of world-wide vacci-
nation of hundreds of thousands of individu-
als, there is still grave uncertainty as to the
I cannot discuss
_here the reasons for this uncertainty, but
undoubtedly one major reason is the great

difference in the immunizing potency of di-
fferent preparations of the vaccine that have
been used by different investigators. Even
at the present time, there is no standard
method of preparing and evaluating the vac-
cine that will ensure a product of a relati-

" vely uniform degree of potency.

However, there is no other immunizing a-
gent that is demonstrably more effective than
BCG; and in spite of the deplorable uncer-
tainties that still surround this vaceine, it
would seem advisable to take advantage of
whatever it may have to offer in increasing
the resisance of the uninfected portion of
the population in countries in which active
tuberculosis is still widespread. In countries
in which the tuberculosis infection rates,
morbidity and mortality have fallen to very
low levels, it seems wiser, for a number of
resons, to restrict BCG vaccination to unin-
fected persons who have to be exposed inti-
mately to sources of infection.

Clearly, a better immunizing agent than
BCG is needed both for mass prophylaxis and
for individual protection; and one of the im-

. portant unsolved problems of tuberculosis
today is the creation of a better immunizing
agent. Actually, since BCG is an avirulent.
bacillus, one would expect that its immuni-

- zing power would be less than that of a vi-

(
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rulent bacillus, for that is true in the case
of other bacteria. Vaccines prepared from
virulent typhoid bacilli, pneumccocci and
other bacteria are well known to be more
effective immunizing agents than vaceines
prepared from the avirulent forms of those
bacteria. As a matter of fact, it has long
been known that, for whatever reason, living
virulent tubercle bacilli are more effective
as an immunizing agent in experimental ani-
mals than are living avirulent tubercle bacilli
'such as BCG; but living virulent tubercle
bacilli cannot, of course, be used as a vaccine
in the human being. Since even killed tu-
bercle bacilli can produce acquired resistance,
it is clear that an immunizing substance
must be present in the bodies of the bacilli,
and it should be possible to extract it and
concentrate it for use as an immunizing an-
tigen. As is well known, potent immunizing
antigens have been isolated from the bodies
of virulent pneumococci and other bacteria,
and it is highly important to attempt to iso-
late from virulent tubercle bacilli the antige-
nic substance that is responsible for the abili-
ty of the bacillus to stimulate the develop-
ment of acquired resistance. I think that
there can be little doubt that the immunizing
antigen of the tubercle bacillus can be iso-
lated. Even if it can be obtained in a form
only as effective as the most active BCG
vaccine it would be a decided advantage, for
it could be readily standardized; but it may
very well be that the concentrated immuni-
zing antigen isolated from virulent tubercle
bacilli will turn out to be a more effective
immunizing agent than the vaccine prepared
from the avirulent BCG bacillus. Certaihly,
in the case of the pneumococcus, for example,
the polysaccharide immunizing antigen ob-
tained from virulent pneumococci is a far
more potent immunizing agent than is a vac-
cine made from living avirulent pneumococci.

In addition to its value as a protective age-
nt in the human being, the isolation of the
immunizing antigen of the tubercle bacillus
would provide an instrument of great value
in the experimental study of the nature of
acquired resistance. It might also throw
light upon the mechanism of virulence. It
will be remembered, for example, that it was
found that the polysaccharide of the pneumo-

coccal capsule is not only a potent immuni-
zing antigen against pneumococcal infection,
but that it is also the chemical substance
that is responsible for the virulence of the
pneumococcus. Finally, the isolation of the
immunizing antigen of the tubercle bacillus
could be of assistance in the development of
a test for the presence and degree of acqui-
red resistance in the human being, —a test
which, as I have said, would be of very great
usefulness in the evaluation of the resistance
of tuberculous patients during treatment, and
also in the attempt to identify the internal
and environmental factors that cause a lower-
ing of resistance to tuberculosis. e

I have been asked to comment on the fu-
ture of human tuberculosis. Prophesy, in
most human affairs, is only individual opinion
formed after considering the influences that
are recognized at the time; and forecasts of
future events are often proved wrong by the
occurrence of circumstances that were un-
forseen or unforseeable when the forecast
was made. I would thereforo certainly not
pretend that I can give you a clear predic-
tion as to what is going to happen to human
tuberculosis in the future, but I may outline
briefly what scems to me to be the most pro-
bable outlook for the future, in the light of
past experience and of the influencing condi-
tions that are apparent at present. £

There is, of course, no doubt whatever that
the introduction of streptomycin in 1947, of
para-aminosalicylic acid in 1949, and of iso-
niazid in 1952 has played an extremely im-
portant role in accelerating the downward
trend of tuberculosis mortality during the
past decade. The justifiable enthusiasm over
the lifesaving activity of these drugs has
tended to cause many persons to forget the
spectacular progressive fall in the mortality
from tuberculosis that occurred in many
countries during the fifty years before the
drugs were discovered. In the United States,
for example, the mortality from tuberculosis
fell from 202 per 100,000 population in 1900,
to 36 per 100,000 in 1946, —a decrease of 82
per cent; and a similar fall in tuberculosis
mortality occurred in various other countries’
during the same period. It is very important
to keep this clearly in mind, for there was
obviously a reason for such a marked and
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continuous fall in tuberculosis mortality dur-
-ing a period in which there were no drugs
cifective against the tubercle bacillus, and
in which there had been no appreciable use
of BCG in the United States and various
other countries in which remarkable declines
in the mortality occurred. :

In any consideration of the future of hu-
man tuberculosis, I repeat that it is highly
important to keep that remarkable period of
mortality decline in mind, and to strive to
understand clearly the cause or causes of
the phenomenon. A time may come in the
future when we shall Kave need of as much
information .as possible about it, if the tu-
bercle bacillus is to be prevented from rising
into ascendency again; for we are not vet
in a position in which we can, with confiden-
ce, depend upon being saved indefinitely by
curative drugs, and we shall not be in such
a position unless we can devise effective
drugs to which the tubercle bacillus cannot
become resistant. i

What was the reason for that decline in
tuberculosis mortality, which was of a de-
gree sufficient to cause numerous expert stu-
dents of the disease to believe that the tu-
bercle bacillus was actually well on its way
to extinction? I have discussed clsewhere
(16a) the various factors that may have con-
tributed to that extraordinary decline in
tuberculosis during the fifty years before the
introduction of drugs effective against the
tubercle bacillus, and I shall not review them
here. I shall only emphasize that there is
persuasive evidence that by far the most im-
portant of those factors was the improvement
in living conditions in the countries in which
the tuberculosis mortality decline occurred.
There are now sufficient sutdies to leave no
doubt that before the introduction of the
antituberculosis drugs, the tuberculosis mor-
tality rate reflected sensitively the living con-
ditions of all population groups that were
studied. The countries in which the most mar-
ked fall in the tuberculosis death rate occur-
red were countries that had experienced the
most marked improvement in living condi-
tions. Also, it has been world-wide experi-
ence that the tuberculosis death rates in diffe-
rent parts of the same country, or even in
different parts of the same city, are highest

among the groups with lowest income and
vice versa. Furthermore, when for any reason’
the living conditions in a country are de-

‘, pressed, there is a prompt rise in the tuber-

culosis death rate, which promptly falls ag-
ain when better conditions are restored. This
wasbrilliantly evident in numerous countries
as a result of each of the two world wars.
It is now thoroughly clear that the living
conditions of a population can exert a potent
influence upon the level of mortality from

“tuberculosis.

What do we mean by “poor living condi-
tions” and “good living conditions ’? A ve-
riety of factors are involved in those terms.
In poor living conditions, the most obvious
factors that could affect tuberculosis adver-
sely are -inadequate nutrition, inadequate
housing, inadequate hygienic conditions, and
unfavorable working conditions. Adequacy
in these factors is the obvious characteristic
of .good living conditions. There is evidence
that even when housing, hygienic conditions
and working conditions remain constant in a
population, if nutrition becomes inadequate a
prompt rise in the tuberculosis mortality will
occur, and if adequate nutrition is then re-
stored, there will be a prompt fall in the
mortality (16b). This, together with the
long-recognized beneficial effect of good nut-
rition in the therapy of tuberculosis, places
particular emphasis upon nutrition as an im-
portant factor in resistance to tuberculosis,

"and therefore as a factor deserving especial
. consideration in long-range efforts to control

tuberculosis.

There are three things which, if they were
readily within reach, and were applied under
intelligent guidance such as national tuber-
culosis associations could provide, would un-
doubtedly reduce tuberculosis in any country
to a position of slight importance among the
problems of public health, and would keep it
in that position, or perhaps abolish it entirely.
One of these would be the improvement of

-living conditions in population groups in whi-

ch the conditions that lower resistance to
tuberculosis, and increase exposure to infec-
tion, are prevalent; a second would be a safe
and effective drug to which the tubercle ba-
cillus could not become resistant; and the
third would be a standardized immunizing

¢
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agent that would increase resistance to infec-
tion and would be suitable for widespread
and even repeated use.

At the present time none of these are wit-
hin the reach of all countries. Indeed, an
effective drug to which the tubercle bacillus
cannot become resistant, or would have only
a slight tendency to do so, has not yet been
produced; nor do we possess an immunizing
agent with the qualities that I have mention-
ed. For immediate purposes, however, we do
possess effective drugs, though in time the
cumulative increase in resistant strains of
bacilli as a result of the use of these drugs,
will probably greatly reduce their general
cffectiveness; and for immediate purposes,
we do have BCG which, when it happens to
be in an effective form, can be uscful in
appropriate situations, though it lacks the
advantages that a standardized immunizing
antigen isolated from the tubercle bacillus
would possess. As for the improvement of
living conditions, although we know what to
do in general to accomplish that, there are
numerous countries in which it would be
economically impossible at present to put that
knowledge into practice, and there are other
countries in which, though it would be pos-
sible to divert funds to that purpose, the re
sulting dislocation of other important phases
of the national life would make it unwise
to do so at present. The problem of reducing
the incidence of tuberculosis is surrounded
by different circumstances in different coun-
tries, and those circumstances will, in each
case, influence the rate and the degree of
the reduction in tuberculosis in the future.
When we consider the future of tuberculosis,
therefore, we can do so properly only in
regard to each country separately; and we
can do so intelligently only if we understand
adequately the economic, political, scientific
and cultural conditions in the country that
we are considering.

There is, however, every reason to expect
that unless nations become subjected to dis-
rupting catastrophes caused either by Nature
or by the unwise actions of men, conditions
will eventually permit all nations to put into
practice the procedures that are necessary
to produce a marked and steady decline in
the morbidity and mortality from tubercu-

losis. While the task is still a formidable
one, there ,is now a high probability that,
with intensive effort, tuberculosis can eventu-
ally be reduced to the level of a minor public
health problem throughout the world. That
time could be greatly hastened, and its ul-
timate attainment assured, if studies such
as some of those that I have mentioned this
morning, succeed in placing in our hands
the knowledge and the weapons that the solu-
tion of those various problems would provide.'
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2 THE GREAT HISTORICAL CHALLENGES IN MEDICINE

Félix Marti-Ibdnez, M.,
Professor and Chairman of the Department of the History of Medicine,
New York Medical College. Flower and Fifth Avenue Hospitals;
Editor-in Chief of MD. the Medical Newsmagazine.
New York, N. Y.

INTRODUCTION

My friends, it is a great honor to have been
invited to Fukuoka to address this distingui-
shed Congress, and it is a great privilege to
speak to you as a colleague and brother-in-
arms in the field of Medicine. I am here to
learn from you. My modest person is only
a symbol of the many physicians who, across
the thousands of miles of the Pacific Ocean,
live and work in America and who, despite
the difference in nationality, share, as col-
Jeagues and as men of good will, your hopes
and your dreams. Our being together here
symbolizes the universal brotherhood of Me-
dicine, which recognizes no frontiers in time
or space. Such brotherhood has often made
possible creative collaboration in Medicine
between Japanese and Western investigators,
for instance, between Shibasaburo Kitasato
and Alexandre Yersin, and between Sahachiro
Hata and Paul Ehrlich.

Ever since starting my acquaintance with
Japan, first through my readings, then throu-
gh friendships with Japanese colleagues, and
now by viéiting your beautiful country, I
have felt that yours is a nation I know very
well in my heart. The reason for this is
that besides the Japan of the lovely cherry
' plossoms where we are right now there is
also a Japan of the dreams, which I met and
fell in love with when I first studied your
literature and your art, when I gazed upon
the exquisite Yamato-e and Kori paintings,
and the delicate paintbrush work of Kobaya-
shi and Hanyami, and when I read the inspir-
ed pages of Lafcadio Hearn, who later became
_Koizumi Yakumo, and who is buried here in

Japan, the land he loved sc much.

Japan has a destiny of greatness, because
it has suffered a great deal. History shows
that both men and peoples, before they can

enter the vast and luminous Hall of Great-
ness, must first cross the dark and narrow
door of suffering and hardship.

There is another reason for your destiny
of greatness. .Countries like Japan do not
forge their greatness only with magnificent
coliective achievements, but also, and above
all, with many individual wills to greatness,
even though some of these may not have
been fulfilled; for those wills are never to-
tally lost when enough work has been put
into them.

One of the reasons that I greatly admire
your country is that you combine an age-old
tradition of wisdom with a modern urge for
action. }

In the last century you have been “in a
hurry” to do great things in Medicine and
in Science. And I, personally, love haste, but
a deliberate, prudent haste, the festina lenta
of the ancient Romans, the haste to fulfill a
duty promptly but well. I love the kaste of
those who, like you in Japan, work fast be-
cause there is a great deal to be done and
little time to do it, for the road of science
has no end. One should hurry to do things
only to keep on doing more. That is why
haste is creative. He who makes haste is
he who longs to do something great in the
brief span of his life. )

I regret that 1 do not speak your beautiful
language; 1 am fortunate that you under-
stand mine. All men of science, however,
speak one language superior to that of words:
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the universal language of science. This
language recognizes no frontiers and unites
all physicians the world over in a universal
crusade for humanity and truth, dedicated to
the progress of science.

When a physician, whatever his nationality,
speaks to a foreign colleague about medicine,
the semantic difficulties that may exist betw-
cen them are overcome by the intimate bro-
therhood of their goals, their ideals, and
their dreams.

That is why 1 believe that every time
physicians from different countries gather
together, as we are now in Fukuoka, they
are weaving the splendid tapestry of the
Medicine of tomorrow. At meetings like this,
language is not only the flowery tunic of
thought, but also the chisel with which we
build new cornerstones for the ideal shrine
for the medicine of the future. For just as
ancient vases enclosing the heart of great
heroes stood as symbols of gallantry and
noble deeds, so does this scientific gathering
symbolize the scientific hopes of the physic-
ians gathered here in search of truth. Scienti-
fic congresses like this one are the beats of
the heart of Medicine; and only by listening
to these beats—the scientific congresses—can
one diagnose the condition of the health of
Medicine.

MAN AND HIS PROBLEMS

The philosophical purpose of this meeting
is easy to defin>. As in that other famous
symposium, recorded by Plato, held in Athens
more than two thousand years ago in the
quiet, silver-green shades of the olive groves,
and presided over by the physician Eryxi-
machus, you are gathered here to discuss
problems of mutual interest. That you have
problems indicates that, more than scientists,
you are human beings. For only man has
problems. This fact of his problems, from
which spring all his misery and all his great-
ness, is what makes man human.

The dictionary defines the word “problem”
as a “question proposed for solution.” Any
difficulty one may encounter is therefore a
problem. Your problem is to develop new
weapons with which to combat disease in ge-
neral, and especially tuberculosis. Thisis a

’

scientific problem. You must also turn these
new-found weapons into tools that will help
you understand the natural history of that
discase. This is a historical problem.

For most of us, scientific research involves
at least one of these two problems. Whatever
our interest may be —clinical, experimental,
biochemical—research to all of us represents’
something vital. This is verified by the fact
that you all have traveled to Fukuoka only
to tell one another what you have done and ‘
what you contemplate doing further in the
field of tuberculosis.

If we were to ask a historian fifty years
from now what was done every year at your
meetings, I am sure he would answer, “talk.”
But, to talk is to use words to communicate.
Let me, then, dedicate a few minutes to
speak about words. ‘

Words, spoken or written, are the most po-
werful means of communication between hu-
man beings. Until the printing press was
invented in the fifteenth century, the spoken
word was the paramount vehicle for medical
instruction, and ours was indeed the most
oral of all professions. Then, when human
knowledge began to be transmitted in print,
medical communication adopted a more visual
method.

Words, then and today, are the most impor-
tant facet of the scientist’s personality, for
science is based on the transmission and
assimilation of knowledge.

Philosophers have nct, even yet, agreed on
a definition of “man.” We do know, however,
that all men possess one characteristic-in
common that distinguishes them from all
other creatures. Man makes things, but so
do certain animals; man makes tools and
instruments out of various objects, but so do
a few animals. However, only man can make
tools with which to make other tools. The most
characteristic and constructive —and some-
times the most destructive— of all the tools
fashioned by man are words. )

Animals use notions and sounds as signals ;
only man learned to use them as symbols.

This was the simplest form of technolo-
gical advance. Man became efficient as a
toolmaker and tool-user, because he was a
maker and user of words. Only after making
considerable progress in constructing lang-
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uage, that is, in the technology of creating
symbols, did man acquire the ability to im-
prove his tools. Ever since then, for half a
million years now, man has been making
words and tools. With words I shall now
try to paint the historical picture of the
great historical challenges in Medicine.

What counts in the life of men and of na-
tions is not so much their achievements as
the challenges they face. In this sense, the
history of your annual meetings is the histo-
ry of the great challenges encountered in
your fight against tuberculosis and of the
way you have faced them.

History- tells us that medicine obeys the
law of action and reaction. Each medical
discovery starts a chain reaction of challeng-
es, which the physician must resolve if he
wants to ensure’continuity in the history of
medicine. In science, each conquest engende
TS new menaces to itself, and the scientist
must stand ready to overcome these menaces.

Science, like human life, moves forward.
Like life, science must also face its repertory
of problems. In life, as in science, one can-
not evade problems. They must be confronted
with a valiant soul, for problems fiee before
the fearless fighter, just as ghosts in a haunt-
ed house vanish before the dawn which sheds
light upon everything.

THE SEVEN GREAT CHALLENGES IN
~ THE HISTORY OF MEDICINE

It is as important for physicians to look
back at History, that is, fo remember, as it is
to anticipate the future, that is, to dream ; for
man’s most engrossing occupations are to
remember and to dream.

The emergence of challenges on the road
of contemporary medicine is nothing new.
At every period in history the physician has
faced tremendous problems, which he has
resolved by his ingenuity. We could reduce
to seven these great challenges to medicine.

The first great challenge arose six thousand
years ago, in the world that emerged from
the neolithic world of the flint. “ River civili-
zations” sprang up on sun-blazed steppes, and
.peoples, originally from Asia, condemned to
annihilation by a scorching sun and whirling
sands, struggled desperately to survive in the

desert. Such were the archaic Egyptian and
Mesopotamian civilizations, when man ans-
wered the challenge posed by the shapeless
world around him, peopled by invisible pre:
sences and demons, with protective pyramids
and ziggurats. That was also the time when
medicine-men tried to master the invisible
forces of disease by means of the frst pse-
udoscience, magic medicine. The archaic
medicine-man resorted to the stars and to
auguries to safeguard the life of his people
against the demons that caused what they
called spiritual possessions and fevers and
we today call psychoses and infections.

The second great challenge occurred in the
golden peninsula of Greece and its sun drenc-
hed lemon- and olive-groved islands, where
the first great philosophies and religions of
the western world were born. There, moré
than 2,500 years ago, man, for the first time
in history, dared to face the intellectual
challenge posed by the nature of the universe,
of man, and of disease. The Greek philosop-
hers, many of them physicians, were the
first to use the magnificent instrument of
thought to awaken man’s conscience and di-
gnity, and to formulate the concept of dise-
ase as a natural process that could be healed
by empirical and rational means.

- It was in this same period, around 500 B.
C. (which the psychiatrist-philosopher Karl
Jaspers called “ time-axis ” because of its
portentous historical meaning), when, simul-
taneously in three countries independent of
each other, China, India and Greece, inspired
by the words of Confucius, Buddha and the
Greek philosophes, a gigantic spiritual move-
ment developed, human dignity and conscience
were born, man aspired to self-liberation and
asked himself profound spiritual questions,
and the great religions of the world began.
This memorable period was probably caused
by the sudden appearance of men on horse-
back from Central Asia, who, together with
the strange animals they mounted, brought
their age-old wisdom to the sedentary matri-
archal cultures.

The third great challenge happened under
the dark skies of the Middle Ages, when the
Black Death and other great pandemics thre-
atened to destory the human race. The men
who met this challenge were physician-priests,



shut away in monasteries, which, stationed
along the great travel routes, were a dyna-
mic combination of news agencies and centers
of bookish research. Theirs was strictly a
“book medicine ”; nevertheless, in their fight
against epidemics they created hospitals, un-
iversities, and public health measures, which,
together with the Gothic cathedrals and Dan-
te’s Divine Gomedy, were the great medieval
contributions to Western civilization.

The fourth challenge arose in the European
Renaissance, a period inspired by the paraliel
urges to explore the human body and the
horizon stretching beyond the seas, both of
which until then were terra incognita. The
urge of the navigators to discover the lands
asleep beneath the virgin stars of the western
sky was matched by the urge of the Rena-
issance surgeons and anatomists to uncover
with their scalpels the mysteries hidden be-
neath the human skin. The challenge posed
by the mysterious structure of the organic
fabric was answered by the hands of the
Renaissance surgeons and anatomists, urged
on by their rational thought.

The fifth challenge was to decipher the
sccret of the physiology of the human body
and its mysterious functions. This problem
was solved in Europe in the seventeenth cen-
tury, when the motion and emotion chara
cteristic of Baroque art were reflected in the
concepté applied to scientitic investigation, as
in the discovery of the circulation of the
blood, which represented anatomy moving in
space, just as in the same period embryology
represented anatomy moving in time. When
dynamic physiology replaced the static anato-
my of the past, the way was opened for a
series of discoveries in circulatory, digestive,
and nervous physiology, on which modern
medical science is founded.

The sixth challenge was presented by di-
sease-therapy, which at the end of last cen-
tury was still almost as-empirical as it was
two thousand years ago. Clinical and labora-
tory investigators answered this challenge
with immunobiologic, endocrine, and, more
recently, antibiotic therapies, which represe-
nted a naturalistic criterion in the treatment
of disease.

The challenge of our own time is to decip-
her the nature and biochemical substrate of
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disease and its natural history, the biological
cycles of germs, the enigma of genetics, and
the secrets of ecology. We might then be
able to anticipate the biological destiny of
man, and to turn therapeutics into the key
with which to unlock the last door opening
to the threshold of life.

THE CONCEPT OF BIOCHEMICAL
RESPONSIBILITY

We have therefore progressed from the
primitive anatomical notion of disease, which
placed all responsibility on one organ only,
to the physiological notion, which accepted a
multiple-organ functional responsibility, and
from there to the biochemical notion, which
accepts a biochemical responsibility.

This means accepting the rorality of the
pathological disorder, which, though initially
arising from the alteration of one organ, is
not limited to the boundaries of that organ,
but follows the concept that the seat of every
disease is the whole body, and the disorder
is therefore a gemeral disturbance of all the
organic humors.

We have thus returned to the original Au-
moral notion propounded more than two tho-
usand years ago by Hippocrates, but with the
difference that we now agree that diseases
are localized in organs, but affect the totality
of the organism, due to the correlation me-
chanisms of the body, particularly the en-
docrine system and the mysterious tissular
jungle known as the hypothalamus-pituitary-
adrenal axis. This jungle is now the site of
experimental explorations that ‘are destined
to make discoveries in the inner space of man
more extraordinary than those that rocket
ships may make in outer space.

Today we give great importance to physi-
ology, because there is nothing more physi-
ological than the pathological. That which
is pathological is no longer considered some-
thing strange that is added to the personality;
it is now considered the reverse of the coin
of physiological personality. Pathological
accidents are accelerated phases of life’s most
physiological process: the inexorable progress
toward death.

We also accept a new revolutionary concept.
Today we agree that,man is not only nature
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but also history. Man is what he does, the
succession of moments in his life, his passage
as a spatial form through time. Man is a
form, always subject to the forees of his
genetic equation, his environment, his internal
stresses, and his free will, all of which create
his biography, of which disease is a part. We
accept the concept of the patient as a whole.
The human being is regarded as a somatop-
sychic unit in motion, “ making itself in the
course of time.” Disease is disharmonious
living, an abnormal, painful, way of life, a
series of interactions between an etiological
cause and the patient.

Moreover, we accept that in therapeutics it
is sometimes more important to lessen the
organism’s total response to the morbid atta-
ck than to treat the attack itself. The drugs
of tomorrow may be used to lessen excessive
organic response to microbial attack, just as
those of today are used to destroy the attac-
king stimulus.

MEDICINE’S SEVEN ANSWERS TO THE
CHALLENGE OF OUR TIME

The challenge, therefore, that Medicine
faces today is to protect health and prevent
disease by increasing its knowledge of health
and disease. '

In facing this challenge, modern medicine

has established the basic problems it must

first solve:

First, to know the biochemical substrate
of health and its alterations, including the
chemistry of the mental processes of joy and
SOrrow.

Second, to know the processes of growth,
convalescence, aging, and death, so as to
rehabilitate the sick, prolong life, and ensure
that the sunset of man’s life may be as brig-
ht as possible, while delaying the final fall
of the mist-shrouded night.

And third, to know the biochemical proces-
ses underlying the etiology of the three great
groups of diseases: neurosis, biosis, and scl-
erosis, that is, functional, organic (including
the infectious), and degenerative diseases,
for this is the only way.we will be able to
prevent or cure them.

To solve these problems, contemporary me-
dicine has already started on different tra-

cks:

It is using biochemical resources to streng-
then organic dafenses as the best means of
converting the body into a fortress, walled
against the invasion of disease, and capablc
of expelling any invader that may succeed
in penetrating its citadel.

It is applying ecology by providing man
with the most suitable environment to protect
his health. Pursuing this end, “ portable ”
environments, with adequate food.and the
best artificial climate, have already been creat-
ed to enable man to travel to the polar zones,
the tropics, or in cosmic space.

It is combating the causes of disease —ger-
ms, toxins, traumas, stresses, radiation, nox-
ious foods— by trying to prevent them and
to eradicate them. Our aerocosmic age has
brought about the vertiginous development
of a new discipline: space medicine, whose
greatest value lies in its findings not so much
about man’s life in cosmic space as about
man’s normal physiology.

Since the diseases of childhood and youth
are mainly of an infectious nature, they will
probably be eliminated through the proper
prophylaxis. The enemy of man’s early years
is external; it is a threat from without, and
we know how to deal with it. The enemy
of the mature years comes from within —stress,
psychoses, cancer, heart disease— and we
have not yet discovered its prophylaxis. By
overcoming infections, like tuberculosis, whi-
ch until recently could cut off life at an early
age, new drugs are forcing medicine to con-
centrate on the treatment not only of degen-
erative diseases but also of “new ” diseases
(such as anxiety neuroses and antibiotic-
resistant infections), which are man’s penalty
for the progress of civilization. Medicine is
also using new drugs to treat “old ” diseases,
replacing the old “bow-and arrow ” type of
medication with weapons of “long range”
scope, such as antibiotics, ataraxics, and the
new vaccines.

Medicine is also studying those processes
of the body still unknown, in order to force
the organs to reveal their secrets in their
mysterious language, which is translated into
microstructural images and laboratory reac-
tions. These new techniques are also revolu-
tionizing the teaching of medicine, by placing
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At its service a dazzling armory of electranic
rFesaources.

To diagnose discases still unknown, medici-
ne is investigating new substances, such as
experimental antimicrobial agents, the new
cholesterol solvents, and the hallucinogenic
drugs that are now being used in- mental
diseases and that one day may disclose some
of the secrets of schizophrenia and perhaps
even the roots of artistic genius.

A LOOK AT THE FUTURE

If we now, in the light of these advances,
look toward the future, we can advance some
scientific predictions:

Today we are writing the medical literat-
ure that will be considered “classic” inthe
year 2000. The medical student of the end
of this century will have to cope with a
pathology devoted specially to neuroses, ra-
dioactive and industrial diseases, cancer, har-
dening of the arteries, degenerative diseases,
and illnesses caused by stress and nonspecific
agents, as contrasted with the highly specific
infectious pathology of our time.

Some germs that populate the air about
us, in waves of everdecreasing virulence, may
finally become saprophytes or may disappear
altogether; others may develop new ways of
resisting the natural organic defenses.

Medicine, in the year 2000, will be more
prophylactic than therapeutic. Before invest-
igating new antibiotics to treat tuberculosis,
for example, attempts will be made to prevent
it by means of good food and housing for
cveryone.

In the future, health, like peace, will have
to be created through a peaceful and bene-
volent coexistence with germs (coexistence
with ideological antagonists, in the case of
peace), independent of chemotherapies (or
long-range missiles). Disease prevention,
through conditions (pure air; wholesome fo-
od) that will improve physical and mental
health; will lead to healthier minds and clear-
er thinking, which in turn may contribute to
a ‘world peace based on the absencé of fear

and on the love for life. Healthier, happier

men in the future may create a more peac-
¢ful, happier world.

St

THE DANGER OF CREATING A
MY THOLOGY OF SCIENCE

These, then, are the historical challenges
that medicine faces today, which must be
met not by philosophers, as in the past, but
by scientific investigators, by men who have
been driven into research by their search for
truth and for their own personal destiny.

If that brave infantryman of Medicine, the
general practitioner, must daily provide pro-
mpt answers to the immediate problems of
his patients, the medical investigator must
provide more permanent answers to general
medical problems, answers in which he must
even anticipate ths future.

Never before have investigators had at
their disposal so many and such good tools
and equipment and so much economic aid
with which to face medical problems. Even
popular support, which in every period in
history has invested great heroes with a
golden halo, is now granted to investigators.

Unfortunately, the present formidable ad-
vance of science is creating a great danger:
the superimposition of a mythology of science
over contemporary scientific thought, a dang-
er that, like a storm cloud, is darkening the
sunlit scientific panorama of our time.

What do I mean by mythology of science?

We know that ancient mythology was cha-
racterized by an exaggerated overestimation
of the hero’s powers. The mythological hero
was credited with supernatural powers and
energy, which enabled him to master all
things and to face impossible enterprises wi-
th the confidence that he could accomplish
them. :

The hero’s weapons, also overevaluated, had
an importance equal to that of the hero him-
self. Siegfried’s sword and Apollo’s arrows
were considered invincible. o

Finally, each individual triumph of the hero
was so overestimated that his final goal was
forgotten. Each successive ‘victorious step
was confused with the accomplishment of
the hero’s mission. The labors of Hercules
became more important than their original
motivations; Ulysses’ voyage, in the Odyssey,
because of its epic magnitude, obscured the
original purpose of the hero: to return to
the loving arms of his wife Penelope.
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However, mythology was not made only
by the poetic bards in the days of Homer and
classical Grecce. Mythology has continued
to be made all through history, even in me-
dicine, and the result has always been that
myths, which are only projections of man’s
hopes and fears, eventually supplant reality.

Man, to this day, continues to create mytho-
logy, because he simply must have heroes to
protect himself against the tedium of life,
and because he still needs to project his ho-
pes and fears onto extraordinary beings.

In medicine, a dangerous mythology of
science is now being created, which has the
same characteristics as the old Greek my-
thology: overevaluation of the supernatural
power of the hero (in our case, the scientific
investigator) ; overevaluation of his tools (in
our case, technology) ; and confusing his
partial triumphs (in our case, the conquests
of applied science) with his final goal : to
protect health, and to prolong life.

An example of the first characteristic is
the publicity nowadays given all around the
world to the scientific investigator, which
leads to the belief that he who has developed
a new substance has already conquered the
disease for which it is intended, or that each
new drug —steroid toxoid, antibiotic— is the
definitive therapy for a disease. An example
of the second characteristic is the almost
religious worship of technological advances,
such as electronic instrumentation and labo-
ratory techniques, while the object for which
they are destined takes second place. An ex-
ample of the third characteristic is the re-
cent overestimation of certain drugs, for in-
stance, tranquilizers, which are only a key
to unlock a few doors in the unexplored
castle of psychoses.

We must be on guard lest this mythology
of science grow roots and take the place of
reality ; lest excessive faith in the investig-
ator’s invincibility and in the power of his
technological weapons, and excessive glorific-
ation of technical victories result in diverting
science from its true path. Technological
progress might make the investigator forget
to keep his eyes on the broad sunny horizons
that are the true objective of science. Each
of the investigator's triumphs is a step for-
ward in the march of progress, but techno-

logy —applicd science-—~ can never replace
basic science, from which flows, like wates
from a fountain, the clear philosophical stre-
am that guides man on his way through
history.

Above all, it iS necessary to banish the
growing tendency to experiment for the sake
of experimenting, without a philosophical
purpose. Though Claude Bernard recommend-
ed hanging up imagination with one’s hat
upon entering the laboratory and taking both
of them back only upon leaving, he himself
never failed to exercise his scientific imagina-
tion, a luminous, poetic vision of what he
wished to attain with his experiments.

Experimentation is the foundation of sci-
ence, but it is not the sole reason for the
existence of science, as devotees of the my-
thology of science claim. Experimentation
must be guided by ideas, by an intuitive vi-
sion of the ideal goal that it wishes to reach.
Should it not be so guided, the now develo-
ping hypertrophy of “pure” experimentation
may lead to atrophy of the investigator's
imagination.

We must differentiate between the two royal
roads of Medicine: that which follows the
technical path in search of knowledge - and
that which follws the philosophical path in
search of wisdom.

The best protection against the danger of
mythology is for all scientists to remind
themselves that both the investigator and
technology have their limitations. Although
the answers we have found to concrete pro-
blems up to the present have been dazzling,
the greatest problems still remain unsolved’
after six thousand years of written medical
history.

‘The mythology of science, that is, excessive

~ belief in what science can do for humanity,

may continue to grow among the gencral
public; but I feel sure that you will try to
maintain a human, non-mythological attitude,
because you know that without it there can
be no real progress in scicnce.

1 believe this because, quite apart from the
shining mythological armor in .which the
public clothes the investigator, the scientist
does possess certain virtues, invisible to the *
public, in which reside his true greatness
and that of his work.
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THE SEVEN VIRTUES OF THE MODERN
SCIENTIFIC INVESTIGATOR

Everyone knows the technical resources
today available to the medical investigator in
accomplishing the formidable task entrusted
to him. I shall not quote statistics, for though
I sometimes use them I dislike them strongly,
just as I hate umbrellas yet use one when
it rains. Instead, I shall mention the spiritual
resources of the investigator, his seven ca-
pital virtues, virtues that hold the key to
his greatness and that justify our optimism
in Medicine’s ability to respond to the great
challenges of our time.

It is important for us to remember the
great men in medical history. While artistic
work is intimately bound up with its creator,
thus leading us to speak of Beethoven’s Ninth
Symphony, Cervantes’ Don Qnixote, or Leonardo
Da Vinci’s Mona Lisa, scientific work is sy-
nonymous with anonymity. Though every
time we use a drug we are offering mute
tribute to its discoverer, still we administer
antiplague serum, anti-smallpox vaccine or
anti-syphilitic medication without giving a
thought to Shibasaburo Kitasato, William
Jenner, or S. Hata. It is essential therefore
that, on occasions like this one, we recall the
great men of medicine, that we rescue not
only their work but also their names from
the dust of oblivion.

History, including the history of medicine,
is made by men, and on the number of spiri-
tual carats such men possess depends the
possibility and magnitude of their triumphs.
But even in the clean, fresh climate of scie-
nce one needs a purpose, a method, ‘a spirit.
I have already spoken of the purpose and
the method of contemporary medical science.
Its spirit is that of the men who are today
making that science. Benjamin Franklin,
said, “ All mankind is divided into three clas-
ses : those that are immovable, those that are
movable, and those that move. ” Medical in-
vestigators are those who move, who do things,
who express their greatnees in actions of
vast consequence to humanity. On their
virtues depends the progress of science. The
best scientific instrument, the most perfect
laboratory, the latest electronic adv%mce, all
these would be worth nothing without the

man who, in the laboratory, clinic, or library,
contributes his life so that the chariot of
medicine may move forward. Without these
men no history of medicine could be made,
just as no good building could be erected
without pillars to support its foundations.

Let us not forget the four great historical
duties of the physician: He is the man who
heals, using the what (the drug) and the how
(his knowledge); he is the man who knows,
and uses his wisdom to contribute to the
progress of civilization; he is the man who
can forsee future events, predicting the course
of an epidemic, being a prophet of the bio-
logic history of men; and finally, he is the
man who organizes human life, improving dwel-
lings, clothes, foods, and habits. The phy-
sician must also be a philosopher, to be able
to fulfill all these missions and to set the
cornerstone of the historical destiny of man.

Let us remember that what really cures a
sick person is not drugs or instruments, for
instruments cannot make a diagnosis by them-
selves, and drugs alone cannot effect a cure.
The cure is achieved by the man who knows
how to use these drugs and instruments co-
rrectly and effectively. An antibiotic no more
cures an infection than a scalpel cures peri-
tonitis. It is the brain and hands of the
physician or surgeon that perform the mi-
racle of healing.

The relationship between a patient and a
physician is not a generic relationship be-
tween an infection and a drug; it is a specific
relationship between two human beings, one
sick and suffering and the other possessing
the knowledge necessary to treat him, The
final .cure is accomplished by a combination
of factors involving the nature of the patient,
the characteristics of his disease, the know-
ledge of the physician, and the therapeutic
resources at his disposal. It is only under
the guidance of the physian that drugs per-
form their curative miracle.

Thus, the physician must believe, must
reason, and must experiment. Faith, Phi-
losophy, and Science must always inspire the
physician. For, in their own fashion, both
the physician and the scientist are striving
for the good of mankind, either by the flic-
kering light of a candle at the bedside of a
sick fisherman, or by the pallid light, like a
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twinkling star, of the gas burners in a labo-
ratory.

b Foremost among the seven virtues of the
investigator I place goodness. A house is as
strong as its foundations. Every great man,
every great investigator, begins by being a
good man. The humaneness of daily life
must overflow into the humanism of the in-
. vestigative genius. In no profession as in
medicine is it so important to be a good man.
Science without conscience is nothing but
baseness of soul. The true investigatlor, re-
nouncing success and profit, chooses the trou-
bled seas of investigation instead of the calm
harbors. Modesty is usually the inseparable
companion of such goodness.

The second quality is greatness. Greatness
is simplicity. This has been so from Hippo-
crates to Takamine. A greatness that is an
aristocracy of the spirit is the only sovereign-
ty people can accept without relinquishing
their own sovereignty. Greatness in the true
investigator is<to go through life doing with
a simple spirit things that may benefit his
fellow-beings, building a mighty scientific
pyramid without losing his childlike innocen-
ce of soul. It istoremain indifferent in the
face of indifference, to have faith in his con-
victions, even during the interminable night
of failure, certain that the dawn will come.
It is to accept life as splendor and radiance,
lighting the shadows of his laboratory with
the inner light of his own soul.

Simplicity of thought, simplicity of felling,
and simplicity in speech give meaning to
medical greatness. The form adopted by a
scientific truth often becomes an integral
part of the truth itself. Truth means clari-
ty. To express things clearly is of supreme
importance in science. Scientific truth de-
mands transparency, order, simplicity, preci-
sion, and harmony. Laennec, Tarawa, Pasteur,
and Fleming fulfilled this demand.

Sometimes, genius is added to these qualities,
as in the case of Hideyo Noguchi. While in art
knowledge is non-accumulative, in science it
is accumulative and keeps on replacing itself.
A Sharaku, an Ogata Korin, a Beethoven, a
Shakespeare, each in himself is a complete
cycle that needs no predecesscrs and leaves
no school. This is why a work of art —sy-
mphony, statue, painting—- is immortal, while
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the life of a scientific work —report, lect:
re— is cphemeral and is z2lways superseded
by a more recent work.

In art, a genius is he who creates his ovwn
universe in its entirety; in science, a genius
is he who expands the universe by applying
his intuition to already existing knowledge.
Genius is intuition, but it is also logic in the
service of a vocation. Besides quality, genius
is also guantity, as exemplified by the prolific
work of Paracelsus, Harvey, and Kitasato.
The true genius rarely makes a single disco-
very. The great investigator, generally,
makes many.

Add to that as the fourth quality the spiriz
of inquiry, such as was possessed by Bichat,
Koch, Nagayo, Kiyoshi Shiga, and Hideyo
Noguchi, whose work benefited all mankind.
Experimenting is the indispensable comple-
ment to theorizing thought. Patience in wai-
ting and quickness in thinking, distinguish
the investigator. Often, intuition in the ge-
nius flashes suddenly, but the true investig-
ator will spend years in verifying his spark
of truth, reconciling noble haste in his endea-
vor with patience in its confirmation.

In all investigation, the search for elemen-
tary data always precedes the search for the
dynamic interrelationships among objects,
that is to say, research properly so-called. The
flame always precedes the light. Dimilarly,
the thirst for knowledge is born with human
life. Are not children always asking thc
“how,” *“ what,” and “ why ” of things? The
eyes of the researcher light up with the
same curiosity as a child’s eyes, which look
at everything in astonishment and wonder.

Lucidity is the fifth quality indispensable in
the investigator, because style is the man,
and man in his human quality is his style.
In Paris, in 1879, the historian, Ernest Renan,
paid a tribute to the scientific style of Claude
Bernard, which could be applied today to any
Japanese investigator: “ Human intelligence
is a whole, so well united that a great mind
is always a good writer. The true methods
of investigation embrace the solid qualities
of style.... The standard of good scientific

5 lucidity, perfect adaptation to the
theme, complete forget fuiness of self, ab-
soluie sbnegation. That i3 also the standard
for writing well, whatever the subject. The

style i
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best writer is the one who develops a great
subject and forgets himself in order to allow

his subject to speak for itself.... e uses
“words like a modest man uses his clothing,
to cover himself.... He thinks, he feels, the
words flow....”

The style of the good investigator sparkles
with the diamantine limpidity of thought,

typical of the man who knows certain things .

well and wishes to explain them so that
everyone will understand. Reading great sci-
entific writers, like Fleming or Takamine,
one realizes that style is like the acrobat's
tights, which cover all of him, yet sharply
mold every line of his body. A he style of
these men is a transparent wmdovx with-
out a single mote of dust, thr,.ough which
one can see the wide prairies of their thou-
ght. The creed of the true investigator is
fidelity to the truth, and that means not
only to seek it and serve it, but also to ex-
press it in language intelligible to everyone.
Cajal, Roux, Sahachiro Hata —these men al-
lowed no exaggeration of concepts to creep
into their prose and cripple its scientific pro-
bity. Lucidity in style presupposes lucidity
.in thought, and this implies clarity of spirit.
A clear style, like a clean window pane, in-
dicates that the owner does not fear inquis-
itive eyes. The investigator’s prose must be
fresh and crystalline, like the water from
a mountain brook.

He must also keep a rofal perspective, seeing
things, as the philosopher Spinoza said, “
view of eternity ” and “in view of totality.”
To live perceptively in this manner, as an
investigator with a sense of history, who
knows that his work is the heritage from
his predecessors and, itself, the heritage of
the future; to live as a philosopher at heart,
who loves wisdom; to live thus is to be a
complete man. He who does this will always
speak with the clear, friendly tongue of the
naturalist.

How the lack of lucidity in reporting can
hinder scientific progress is proved by the
fact that of about 2000 human diseases re-
corded in textbooks, the etiology of not more
than 800 is known. Of several of the others,
for instance asthma, gastric ulcer, hyperten-
sion, we know their pathogenic peculiarities,
but we know little about their true etiology.

These diseases, whose pathogenesis is known
but whose ctiology is not too well known,
arc discases specific to mankind ; they are not
observed in identical fashion in animals. On
the other hand, the diseases against which
we have efficient etiological therapies are
the same diseases man has in common with
the higher mammals. Present-day pathology
only makes temporary, “prosthetic” repla-
cements; it is etiological only in so far as
it relates to the pathology of the higher
mammals. Progress has been greater in
those fields in which reporting has been clear
and precise, instead of theoretic or interpre-
tative. Tuberculosis is an excellent example
of how accuracy, clarity, and excellence of
description, from Hippocrates to our own
days, including such men as Laénnec, Pas-
teur, Villemin, Koch, Trudeau and Waksman, '
can smooth the path of research. On the
other hand —in schxzophrema, atherOScler051s,
and cancer— multiple interpretations and
semantic confusion have greatly hampered'
diagnosis and therapy. The better we learn
how to describe the etiology and course of
a disease, the easier it will be to find the
proper treatment. Clear and promptre porting
is a vital part of the solution to medical
problems. 4

The sixth quality of the investigator is
patriotism, for he is a living part of the his-:
torical conscience of his epoch. He can look

at the problems of his country and of his

time with eyes both critical and loving; for
the true lover loves his beloved though hlS
eyes are wide open to her defects.: i
The investigator’s homeland grows bigger
with each of his discoveries, until it becomes
a universal homeland not to be found in any
geography book. That is what happened with
your genius and medical martyr, Hideyoi
Noguchi, who became a glory not only to
Japan, but to the whole medical world. The
investigator is the homo universalis of our time,
who helps to promote the health of all peo-
ple on our planet. He can sometimes, w1th-'
out leaving his home or country, reach so
deep in his work that he reaches universal
roots, preferring vertical profundity to hori-
zontal spread, which guarantees his univer-
sality in space and his imnmortality in time. '
Finally, the investigator Hhas universality.
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Hideyo Noguchi and S. Hata had universali-

tv In the address already quoted, Renan
said, “ glory has something homogenous and
identical. Everything that vibrates produces
it. ‘There are not various types of fame, any
more than there are various kinds of light.”
All glory derives its rays from the same
source. T'he investigator’s’ glory is univer-
sal, and it clothes with honor all those who
admire an ideal and dedicate themselves sel-
flessly to it.

Universality 1s imperative in Medicine.
Even the new drugs today give us a lesson
inuniversality. Antibiotics, for example, have
done more than amy other drug in history
to universalize medicine. The search for an
antibiotic substance starts with samples of
earth from the four corners of the planet.
Today, a lump of earth picked up in a field
in Asia by an Australian pilot, and develop-
ed by American micrcbiologists, may be ap-
plied in the form of a new antibiotic by a
Japanese physician, and save the life of a
Latin-American patient. Can one ask for gre-
ater therapeutic internationalism?

Work in antibiotics is more international
than in any other area of science, because
today its principal source is the earth (to-
morrow, it may be the sea), and what nature
gave to all mankind cannot be made the ex-
clusive property of one scientist or one co-
untry.

CLOSING REMARKS

In these times of atomic and cosmic terrors,
it must be remembered that when the me-
chanical marvels of this age have been re-
placed by other marvels, the example of the
selfless investigator will endure as an ins-
piration and as a memorial pillar for all
time.
b On such virtues is founded my optimistic
belief that the mind of the investigator, like
a many-colored glass dome projecting its ra-
diance on all fields of human knowledge,
guarantees the unceasing progress of human
effort.

At the beginning, I spoke about words as
a tool of science. Words, however, have ano-
ther mission besides imparting knowledge, a
mission of great importance, particularly at

WO

a meeting like this onec in Fukuoka, where
old friends meet and new friends arc made.
That mission is for us to approach each other
and, by talking among ourselves, to turn our
individual loneliness into professional com-
panionship. It is, perhaps, the noblest work
that words can do: to act as carriers of sin-
cere friendship among men. For, the simple
act of two physicians meeting and stirring
the air with the sound of words of greeting,
the simple words, “How are you, my friend?”
establishes the human basis of history with
all its glory and grandeur.

Other colleagues here, more learned than
I am, will describe the numerous technical
instruments and institutions now at the ser-
vice of medicine and of the investigator of
tuberculosis. I, like a botanist emerging
from the woods with a basket filled with
cherry blossoms, would only like to pin in
your lapel a sprig of seven cherry blossoms:
goodness, greatness, genius, spirit of inquiry,
lucidity, patriotism, and universality. On
those seven ineffably sweet-smelling flowers
is founded my belief that you in Japan, with
your colleagues in the rest of the world,
will solve the greatest scientific challenges
that humanity has ever faced, by writing
those glittering pages of goodness and hu-
maneness that can be written only by the spirit
of man.

A classical Greek legend tells that the town
of Delphi, site of the famous oracle, was the
center of the world, because if two eagles,

- they said soared into the sky from the two

ends of the earth, they would inevitably’
meet in Delphi.

Today we know that these two eagles: the
eagle of science and the eagle of the art of"
medicine, are flying not through Space but
through Time. We can imagine the art and
science of Medicine soaring across the sky,
their golden wings flying toward their true
temple, which lies in the Future and in the
hearts of all of you, my brother-physicians,
who have answered Destiny’s call to grea-
tness by devoting your lives to serve man-
kind.
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Table 1 Results of single cell culture of
tubercle bacilli

| No. of Percentage

No. of e
Strain ‘ isolated colony g(f)]ggil%f
‘smgle ce]ls 1 formatxon mation
HgrRv 9 5 | 55.6(2)
H, ; 21 15 71.4
Ha:Rv ? 19 9 47.4
Ho 18 7 38.9
Aoyama B | 24 14 58.3
H, 47 27 57.4
H, 46 21 45.7
Aoyama B 70 51 73.0
H, \ 31 19 64.5
H, i 64 38 59.4
H, 57 46 80.7
He ! 53 28 52.8
(Average
61.0%)

Note : All trials were made after the given strains were
passaged three times through Tween-albumin me-
dium.
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Table 2 Drug sensitivity test of various strains of

tubcrcle bacxlh by smgle cell cultivation

tSet;?gg Drug concentration (ug per cc)
Streptomycin
6 0.1 0.2 0.4 0.8 1.6
HaqRv 0O 0O 8O OO OO 0O
@O OO @0 OO 0O 0O
@O OO OO OO OO 0O
[ ] 00 OO OO0 00O 0O
o o0 O O OO GO
o O o0 O O OO OO0
Streptomycin
0 10 50 100 1,000
o0 00 060 60 oo
o0 00 606 00 o0
O 060 O 90 o
O 00O 6O o0 ©o
[ J [ ) O 00 ©
Streptomycin
10 50 100 1,000
A SM-depen- O OO @O @O @O
dent strain O o0 @O 00O @0
named 18b O 00 O 0 00
O OO O OO0 @0
@) O o0 O
O O o0 O
Tsoniazid
0 1 5 10
Hg:RVR-INH @ e® 00O 00
[ ] 00 60O 6O .
@ @O 0O ©
e @O OO O
® o O @)
([ O O

Note : @ Successful colony formation

} from a single cell.
O Failed colony formation

:/,7‘}? P 7
r@w%',ﬁn%@%m%wmxunﬁ%%ﬁ%ﬁ
A {2 DEIED AR 2 b 2 BER LTV 3
iDMv@cmoZu
ac, BAEETERAER LA L /00 7 v 2 BT
EoOTIE 15 R » S D, ZNEFNERZ(EDT
SRR P Ts, (HTER HarRv SMRZE
Thr,

#£ 3 IRUIT L O, BEEHROEEFEDTT SM
B —ER T L, U b —RIT BBz U TR
WepSEnN O AA A, ELiT, 5, 9, 11, 12 DL
CHEEEREDOZ O DIRBWTHRL D HLIITEN
BEMORINTNA L LB D 5,

P 2 DOFEH»SH, I AWz Her Ry #s
SEFIBSEVEIT B L T—#78 & X 2 HEMIBOESD bk
AT &, Fho, BEECEETAEE @5 ), EA
e Rl O e it LY DA i < D (R NS AR E S
BN AINDS, B L Did—BBiirc o TS
T EPHEER XA,

ZDFEERIL, H % population size % b O ITFEEE:
DIERNESEVEDFRFTIT LT, 1 D0 clone #FE{RL 5
AEMIT I, BEEEER X by THM I —5k
PR D AT ERRU TV A,

IV virulence [C¥lT3EEoAHACHT
IEBREREZIOLA

B O virulence 1231 AZEEE U TR, B
BAEH/ DO USROS Z DB L WHIE LTI S
N3, BCG, 4k, HarRa, RyRv, 18b /&3,
ZORFENZGITH B, ZNFNOHKT 5 HEIZES
AH3, HEEER 8T AR BRI X o TR
ALINTZEABUIHEDTD %o

5, Dhvbiuk, EEERFECHTTOT, EHFIMAT
FEHC G T B a4 virulence iR
TALENE DY THES C &%, virulence OFHL
728, EREIC Lo T virulence D[EIE 2
DH AL ERUVIEUVIERERT %,

C B OEER, ATHEHLE T virulence DFEH
s, T EMRN TR virulence DRWVEDS, £
NZ BRI N2 &0 RS RIEE O 2 RR T
ho FALE r'lﬂ 1T, FEREREE)S virulence 2 BITT A
SHEHEIADEAD SR HILOT &, LIIH2T, ZOH
FD virulence fgﬁﬁzﬁ‘é bz, z0H bt EEN
% virulent 7gfmiafE (Rv #Y) <E avirulent 73 #HiEEE

(Ra #1) LOEATHAC L2 R LY 5. 21
WA b LR MR, LR T AME 4 Off
B REET 5 ¢ Lig XoC, virulence ZEITT A
EHOWE S TRREE S ADTHAO L, LIt 2 TE
7z, virulence (2B AEEDEFE#HET ) AT X
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Fig.1 Experimental process

Ogawa egg medium slant

Tween albumin medium

Dissooiated by single
cultivation

cell

—

(Fig2)

12

J

g 9" 12

/mmmmmnw

2 v

Cell Line of High Virulence

1
H
1
'
)
.
v Infected intravenously

%gRV

Symbols in animal are explained in Figs. 2 and 5.

DY TIEETH A EBbN S,
i&wﬂﬁtbfiHn%@uhﬁOC@%immm
féiic Lo T 1935 43¢ A MFEIE» S oS iz b o

T, UELJU TSN T X 72, DIUbNOPIgES
XD TL L ORI DTN A RS,
;zx\J";;s virulence &, BfE D& A XD TR &

EE oy b

DA RE T -
\REAG-

Infected subcutaneously

H, strain

< Kirchner, agar-film secticn

»
1 12 13 placed on Kirchner agar slant

- =

00

Cell Line of Low Virulence

"Wﬁﬁﬁﬂ@ﬁ“wz
TInfected :,ulvcumnsnurlv

4 Infected intravenously

%&@mt@:

esaosa=

(Fig 6

ll n n
(Fig 8)

Infected intravenously

H:Ra
WHIEE TS, UL viralenceSDZEH h3bbizm
PINDT, ERCIERSEERTDH 5,

PIF, N“—'Wa?r';% He Fid> 50 virulence (2B89 %
REEIER 22 R % 3, 2 DFERD 23 2agidN 1 o
Dl ThH A, ThDL, COEBRTE, BRE I EET
Jer 3 (AL, virulence 1T T ReE sk 15
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Table 3 Streptomycin sensitivity of 15 daughter strains obtained
by single cell mlt1vat1on from quRv strain

i Slze of inoculum to | Streptornycm con(,entratlon (ng/cc)
Strain tested each tube — e A e
(viable cells) ’ 0 1 5 10 50
Jhe original HasRv | 565 x 103 i + 10% 4% 0
No.
1 100 x 103 H H 0 0 0
: 70 X 103 Hr + 0 0 0
3 | 320 x 103 Hr . 0 0 0
4 ’ 103 He + 0 0 0
) 1,640 x 108 Hi -+ 0 0 0
6 _ 20 x 103 IH E= 0 0 0
Daughter 7 7 % 103 HE 0 0 0 0
strains 8 8 x 108 e 0 0 0 0
9 850 % 103 He L 0 0 0
10 160 X 10s i =k 0 0 0
11 ! 560 % 103 Hr + 0 0 0
12 1,850 x 103 fit 0 0 0 0
13 | 8 X 103 ’ H 0 0 0 0
14 | 3 X 102 1it 3* 0 0 0
15 80 x 10“ i + 0 0 0

Note : One tubs (slant) was employed frea: h drug concentration.
* Number of s litary col nies. (0) in icates no growth and other symbols, CGit, #, + and :) in izates :oughly
the grade of confluen growth.

Fig. 2 Schematic representation of the degree of pathogenicity in guinea pigs
of 15 colonjes dissociated from a strain of tubercle bacilli (human type

H.) by single cell cultivation (The first step experiment)
(Subcutaneous inoculation test)

Colony No. 1 2 3 4 5 6 7 8 9 10 m 12 13 14 15

Size of inoculum

(X10*) Viable 50 2.5 680 3,500 33 1,000 33 1,700 45 250 2.5 4,8005,3002,500 ?

bacterial units

Degree of involve- &iﬂ%l‘
Jilit it &

(T,
D
=D
=)
VB
S,
=T
)
)
3
()
=P
e

f:'l-
N
(a5
=
)
B
SP
N

s
Spleen weight (¢ ) 0.8 0.8 1.0 0.8 0.9 39 29 99 1.3 1.1 1.0 1.0 1.0 1.3 1.0
1.0 0.8 2.7 1.8 1.0 41 1.2 11.3 1,1 0.6 2.0 1.0 1.2 5.2 2.1
Number of viable
bacterial units
recovered from 3. 0 71 2,5001,800 770'660 74 0.3 4 0 260 1,600
the spleen 37 0 530 1 1 2,300 3 1,600 68 7 3,0000 0 100 51
( per 10mg)
. Note: . . .
<= Abscess at inoculation site
1. Lung .
(T 2. Liver #§ Numerous miliary tubercles
E]@ 3. Spleen @  Many caseous or noncaseous tubercles
&  Scattered miliary lubercles
© A few miliary or granulomatoug tubercles
O No lesion
° Involvement of Jymphnodes
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HLEPTETL,

(1) Jrek i

INTESHRERD He % Tween-albuminksiliic # 4,

1o o 3 Uik, ailko )ik 2/MaT 21 2o
BAEEE 2 898 L T, Kirchner S2REEMNCTIBLEAL 72,

9 Wk, U 16 HEED b ZNENER 2D,

=y POETIHEEL, 7 @il 1z, SRR
BRI 2 DT ELTh B, WRATR 3 LW 2> 5 D435k
EE»SH 5L, BREICHN NS0 15 £E1
* virulence IZBIL TH /2 VRS ZIEZFRL TN A &S
Wb TI8b b, 128 AR EEROERERT 2 &
UT#%, virulence DI E D S50 OF CHEA T
Ho1z, TN 5O daughter strain D) LipHh oL}
ERZAZE UTZE O (W 1—No. 8) &, /R
DN D S TPED X OD TSI L 0 (X 1—
No. 13) L2EAT, ZTNFNMESE 35 L0 R0
Pk E U TN IERc g, EUT

ZD 2 5] daughter strain % #1241 Tween-al-
bumin FEHLICEREL, RLADOHETE 2 [HHOBER
W31 L B VAN N

=

DPpH2T, ZLT, BEHRDI B, D& dmnd |l
Hivs No. 7 ZHERD grénd daughter strain - |
2o FIEBHRTIX, No. 13, 15, 16 © 3 Fra @A T
5575_(0 grand daughter strain & 172,

C5 @ grand daughter strain %/ I 325 8 2s 5
Tween-albumin ESRLICFEAE, WL, 3 [EH o
{EE RSS2 T 0T,

R No. 7 205 4 =, 38#5% No. 13, 15 B L8
16056 Z2NZNI02550EEZ L), Thb
MTHAREERE L T Z 0§45
R7BL0N8ITRTTELTHA,

WHRD 4 BTN EHSRE LR,
ence C)‘ob\fmfmk Ho ICHLNT LR UL, £12
FESR» 5D 30 BRiZ I Y virulence 7385, &
1[0l E D BEMEE T Lo CBEIE N 72 95k Pk (No.

=] FE

E
virulence % {77, i

viru-
1

13) 12U T, virulence 1L THINOSTEAS & b Hilfk
SNTWBHT ERIRLIZ,
TR & o IRESRERE Ha-Rv, 53ERERE

Hz—Ra EXNY, NI Uz,
P Diid, HEROERMADS,

virulence Mf:

WAAD 5 27 =, BWERe 5 16 2 OHEEL0 R R T AMEMIEOEAS £ DS L & BEINTRT
T, ZNZI» DBEWRIED, ey FORFES L LEBIT, Tk A e b*oﬁ;@iﬁ‘l\%J ]
WHIRPIC PR L 72, 1EFATS 8~12 Bl kh, B2 IR WD ZIZEDT, S L DDSTEE Lichio TiER
DONGEIEX 3, 4142, F ISR EERED G115 LU T Loy ”‘@iﬁj(ﬁ»ltﬁﬁ*?l 25 EERLTH
AL 12, %o ZOEBRUL, (LoD RS LItk -

X7 S8 S 0075 X 90T, TRETR TR 28 25 iR P, BERSHES SRR TSR, Toabiwaig, &4
WIS, SR TR B2 f;z@l}/ﬂ.’? (X ) T, W (T virulence (ZHH9 2BAFWHELERMA S H 7 1L,
BB T U -T2 L, S b i s 21 h DO TKREL 2%%%@“5%@:“7&&59'

Fig. 4 Schematic representation of the degree of pathogenicity in guinea pigs of 16
colonies dissociated from a daughter strain of Hs (No. 13 colony in Fig. 1)
by single cell cultivation (The second step experiment)
(Subcutaneous inoculation test)
Colony No. No.13 1 2 3 4 5 6 7 8 9 100 11 12 13 14 15 16
Parent
7
Size of inoculum ;: 190 20 13,00013, 000 650 700 3,500 300 390 220 190 170 320 450 5 150

(X10°)

¥
0

Degree of involve.

ﬁﬁlﬁ@ﬁl

ment =
ﬁ @
NV - DO D
Spleen weight ( 1.0 0.8 06 30 1.2 0.6 1.0 1.1 0.9 0.9 0.6 1.0 1.4 1.0 0.7 5
1.2 0.6 1.0 o8 0.6 0.6 1.0 1.0 0.6 0.7 i4 1.0 0.7 0.8 0.8
Number of viable g ) " ;3 , \
bacterial units P : LSRN g.'
d f
fpeoveres rom <1 <oge 150 <1 11 <1 0 1 <1 2 33 0 0 0
4 20 0 60 5 (1 2 140 22 <1 <1 0 35 <1 1 4 2 7
(per 10mg )
Note : Symbols are the same as in Fig 1.
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Fig. 6 Schematic representation of the degree of pathogenicity in guinea pigs of 16
colonies dissociated from a daughter strain of Hy (No. 13 colony in Fig. 1)
by single cell cultivation (The second step experiment)
(Intravenous inoculation test)

No.13
Colony No. . 1 2 3 4 5 6 7 8 9 10 112 13 14 15 16

Parent

Size of inoculum 190 20 13,00013,000 650 700 35,000 300 390 220 190 170 320 450 5 150 9

il

(X 10%)

l)e;ree iof invnlve-‘ Eé% f‘!_j'“ O D mﬁé\ DO

=D
=B
=8
5

=

EZE’

z ¥

ment AR ETA A
i o o o
% 100,100 00 [ 10
Spleen weight (7 ) 2,0 ? 1.8 2.0 1.5 2.0 1.2
7.5 1.0 1.5 1.5 1.5 2.0 1.2
Number of viable . . 'y: -
bacterial units . . . .
recovered from 150 150 2 2310 0 2250 48 680 1 7 23 23 0 7 0
the spleen 700 ? 77 5,200 620 3,6001,200 320 55 138 o 41 14 1 1 0
( per 10mg) .
Note : Symbols are the same as in Fig 1.
+ Died of generalized tuberculosis before autopsy.
/ Accident death before autopsy.
Fig. 7 Schematic representation of the degree of (X1, % 4) sI0E TR (X 12) ol
pathogenicity in guinea pigs of 4 colonies H, 0 28D virulence 75 U L HIET BT &,

dissociated from a grand-daughter strain of
H. (No. 7 colony in Fig. 2) by single cell
cultivation (The third step experiment)

HoRv (35ekk He & RIBRICHRETDH 553, HuRa
1% virulence p3xbHwTHH L, 1313 HyRa <L

(Intravenous inoculationftest) T A ERRLUTONS, F12, K 12 1T, vir-
P . ulence OZZEM 2 A BToWICELEy b 1 [HE
Colony No. H oot #oD HeRa 2 S bicen =y b ICHREUIEES
HIRUTHS, BIERIIC IV T virulence [T3)3dh
Size of inoculum 180 5o %% BERBDNEV. b 554 iU 1HOEY
(%10%) : BEICT IOV, CILDA %P DT virulence

) iﬁ. Table 4 Comparative observation of survival days

”ﬂ:::t of involve- ¢ in two groups of guinea pigs infected

1ntracerebrally with HsRv and H. Ra

Survwal days

HsRv 21 24 24 25 28 28 31 31 32 40

Spleen weight (¢ ) 6.0 2
6.2
HsRa 40 63 S S S S S S S S
Number of viable -
bacterial units . 1.200 74.000 1,800 31,000 4,200 S : Survived for 74 days.
r:””;'e" from 51,000 6.0007.000 2,1002.400 Comparative observation of days to the
the spleen ‘_‘

onset of paralysis of the hinder leg of one
side in two groups of guinea pigs infected

Note : Symbols are the same as in Fig. 1. . . H
2 2Ra
* This dissociated colony was named HzRv. intracerebrally with HyRv and H,R -

‘ Days to the onset of paralysis

() ks nic 2 gkoEx -

HoRv 35 X8 HeRa @ 2 BRIT-OWT, virulence, HgRV§ 18 18 18 21 21 21 21 21 25 None

immunogenicity, hﬁﬂ EHGFORIE LTI H2Raj 25 35 35 40 49 None None None None None
ey PICHT 5 WIRPEERE (K 9, 10), My /

(per 10m9 ) .
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Fig. 9 Multiplication and survival of three
strains of tubercle bacilli (HgsRa,
HzRa and HyRv) in guinea pigs
after intravenous infection

10'...
5 S N
<k N 3
< \ 3\"
1 2
2 2 :
E 10°¢ 3 3
%
s
I 105—
£4
=
E
=
=
— = 10
- V
L
S
1]
@ k] od
§% 10
I
@
< =
1 1 ] 1 1 ]

1d 1w 2w 3w 4w Sw 6w
We ks after infection

The number at each point in the figure indicates that
of examined animals.

Fig. 10 Change of average spleen weight of
guinea pigs infected intravenously
with H;;F[Rﬂ, H.;Ra or I{QRV

8t
7 X
2

6

X\x

3
5L 3

H:R,
4

Average spleen weight (g)

1d 1w 2w 3w 4w 5w 6w

Weeks after infection

DOREWDPEIRZPZ L THCELRHFTH B C LTS
FTHEL, ZONHITIE I 5 IHE & BBEERE »E
RBMESDH S5,

'y MTUT 5 EETOMH 1332 5 B 10X 13 12
AU, ZOE#ICXiud, HeRa i3, BCG B L8
HgrRa &, £ METTHE TN TEDINT E2FL
T3,

T, HEARENEILE 6 1WRT & { T, HeRy, Hy
Ra & b7, 11F [AKs ZHE pattern %73 L 45GH
He OZNEFEAEE DOTW B, TO T &,

Fig. 11 Average body weight change of three
groups of guinea pigs uninfected and
infected intracerebrally with HasRv

or HgRa

,/To
~—"10
500 - /1‘0 Control
> 3
/10
x
10

en
<
<

1

body weight (¢)

Average

200. 1 1 1 1 | - 1 1

We: ks after infection

The number at each point indicates surviving animals.

virulence T35\ % BB & AT T 5 AR L
b5, ALMNAITRI D H AT ERRUTND,

(D) SRR DB NE

T B IR ORI R BES 3 A T, /b1
B 142 6 B, BO ORI OV THRE %
Az, T8b 5, MEEKRALREHD 10 Hi5E)
SEIRZVED, =rxy PEFICHERELUIS, S
X 14 2R $ T & & T, HeRv BHIRMIREES 5 0NTsy
BB T He MERREIZ LA EE DS, RIS
Thbh, chits UT HeRa 1313 & A E RIBHYIRE %2
RE, sHOTHBETHDI,

I s OB S, k0TI HNT, B
BB 21150, Ry 3R 20 =2, RasR10 =48k
2RAWT, zhzho s 1 ARRUEER,
Table 5 Comparative observation of tuberculin

reactions produced in three groups of

guinea pigs infected subcutaneously
with BCG, Hs;Ra or HsRa

e v e

Group ‘ Size of reaction (diameter in mm)
BCG 18, 18, 20, 19, 21, 16, 17, 18, 18, 18
Hs7Ra | 19, 19, 18, 17, 15, 18, 15, 16, 20, 19
HgRa | 21, 19, 21, 21, 21, 22, 21, 20, 19, 22

The test was conducted three weeks after infection.

A 1:100 dilution of OT was injzcted intracut neously
in an amount of 0.1 cc and reading was done 24 hours
after.
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Fig. 12 Comparative observation of virulence of two strains of tubercle bacilli
(HsRv and H.Ra) by massive subcutaneous infection to guinea pigs

W
”2Rv 1 4% mti
Spleen weight () 37 5.4 2.9 4.3 47
Culture 1,1003,5001,600 3,5003,000
’ R
After animal ?L\ afg JAN y/[j.g Txg
pascage (008,04 004
=~ N
Spleen weight (¢ ) 1.7 1.4 1.0 1.3 1.1
H,R, Culture 1 1 28 8 57
Y
No animal /AN AN
passage DO [
Spleen weight (g ) 1.7 1.0 0.8 1.0 0.8
Culture 150 8 1 8 10
Culture indicates the number of recovered
tubercle bacilli (v.u) from 10mg of the
spleen.
A few miliary tubercles .
Innumerable miliary tubercles accompanying organ swelling
-~ Several tubercles
¥~ Many tubercles
Lymphnode swelling

Fig. 13 Comparative observation of the immunogenicity of three strains of
tubercle bacilli (BCG Hg;Ra and H;Ra) against subsequent intra-
venous infection with virulent tubercle bacilli

Immunized with
BCG Ha R, Control
Gress
lesions %u e DD]@ i) DO @@ ﬁ%
Spleen 1.0 07 1111 1.1 1.1 1.1 1.4 1.01.0 1.2 1.4 1.1 1.5 1.1 2.1 2.1 :
weight
(9)
s s
Viable '
bacterial 1 9 2 0 19 3 ¢ 7 22 1% 17 2 17 770 1,200 1,400
units tin
10mg of ‘
the spleen —_—
Viable
bacterial 16 0 0 4 0 0 2 1 0 0 01 0 1 0 37 120 210
units in
10mg of
the lung

Challenge infection was condu ted t ree weeks after immunization.
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M 15 WRTTELTHB, T/80H, HeRv KD 20
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6 7 BOWMNEET LD ST, ZhzEhd virule

Symbols are the sime as thcse in Fig 2.
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Table 6 Drug sensitivity test of three strains of tubercle bacilli (Hz, HsRv and HoRa)

Size of Drug concentration  (pg per cc)
Strain inoculum e e ' - I -
per slant 0 0.25 0.5 1 2 4 8 16 32
S M # o owm a4 24 0 0
g 5 INH Hr 5 4 4 1 0 0 0 0
Heo 190007 ypag + 0 0 0 0 0 0 0
K M it ! - - 0 0
S M 1 HH HE 1 kit + 2 0 0
5 INH HE 7 7 4 2 4 2 1 0
HaRvo 27x10°vu yp A g + 2 0 0 0 0 0 0
K M +t Hr HE ke +r 7 3 0 0
S M HE H H +H +H + 35 0 0
INH H 2 3 2 0 0 1 0 0
9 5
HaRa  18x10%vau. fpp g 0 0 0 0 0 0 0 0
K M H H +H -+ 20 0 0 0 0
Reading was made afte 5 weeks’ incubatio}l z;t 37°C. - ) 7
#+ Confluent growth cover.ng the entire surface of a slant
4+ Innumerable distinct colonies
+ Over 100 colonies
Less colonies were irdicated by num er.
Table 7 Viomycin and Kanamycin sensitivity of strains obtained by
single cell cultivation from HoRa and HsyRv strains
D e ] . VM concentration ( i ¢ per cc
. . ! ng per cc) KM concentration (ug per cc)
Strain tested 128 O(fxlilgf;ﬂumi - o R A
) “ 0 2 5 10 20 0.5 1 2 4
H, § 43 L + + ~ - | ow + ae
Hy,Ra | 34 _— m - - R — + + —~
R S — - e o . R ' B . — - S
a-1 B 32 Lo 1 ~ ~ 3 = - -
2 28 Lo o = - - HHt + +- -
3 33 P He \ -~ = ,;‘ - -
4 20 Lo - + - - At + 1.5 -
5 40 | - - - = Ht + - =
I
6 15 Lo C - - - HE e + &
7 42 | H = &= - 1 A4 + 1.5
8 12 | it - - = Ht + * -
9 37 [ -+ - - - - + + -
10 15 I + - - —~ e + —
S
v-1 50 Lo 1 + -~ -~ m o o +
3 18 o e + - - H . T
4 39 TH 1H i - — } N ‘il- L =+
5 30 H L I + _ up T 1 .
6 46 m o + + - i o i :
7 59 +H 11 + - - H o o -
8 36 i | - -+ -+ t I . +
9 38 n L - - - | o . . =
10 24 H H + - - | -
|
11 4.5 i 1 | — - m M o -
12 25 11t H + — - 1t o L +
13 15 { H + - - Ht n o -
14 12 4 It - - - i ,'1L v -
15 21 i ¥ + - - o o i 10
16 3.7 | v 25 - - m o f -
17 12 H + - - - H o M -
18 33 Hh i+ + 1 - 1t o L '
19 | 32 Ht + + - — Hr h _,{‘ -
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Fig. 14 Comparative observation of virulence

of three strains of tubercle bacilli (H.,
HyRv and HuRa) after one and half
year subculture on Ogawa’s medium
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in 10mg of the spleen
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TET

’

0
2,400

H, (82X10%v.u)

Spleen weight (¢) 1.6 3.0 4.0 3.0 2.8 5.5
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in 10mg of the spleen 3,500 . 3,200 5,000
V 3@ £
e T T T T e T
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Do
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Fig. 156 Schematic representation of the degree of pathogenicity in guinea
“pigs of 10 and 19 colonies dissociated from a daughter strain of each
HoRa and Hs Rv by single cell cultivation

H.R,

H, H:R,

H.R,

ﬂllﬁﬁllﬂﬂ@

Spleen weight () 1.0 2.5 1. 0 1.3 1516 1.4 1.3 1.4 1.5

5.9 1522 2.01.0 2.0 1.5 1.8 1.22.2

Viable bacterial units 3,200 110 800 300 34 106 1.3 2.3 9.7 11 30 24 9.3 8.7

in 10mg of the spleen 770 31 29,000 9 60 8 121.3 2 3 8l 31 270
H.R,

18 19 20

T
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BB R B R R
LRI B B

Spleen weight (¢) 5.8 3.02. 5 2.0 2.5 9.5 5.0 2.5 2.6 1.4 2.5 3.0 2.0
- 6.3 2.46. 4 3.9 0.9 1.0 8.5 53 7.5 4.5 4.5 9.0 1.5 3.5
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1,500 5,700 4,600 100 1,600 1,800 870  2.800
330 16,000  3.600 6,700 130 4,100 1,100 3,200 1900 .
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5. Sorbit-NH, Cl #37 (Lebek) 1351} % &
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M #E: SM FHritizzhzN 61 % 8L 58 % &
Y, COETIZAM, SM WERICAELZ» ST, &
CAh pH 9 IKHET 5 DILSMETIE 100 % TH
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67

v v
8. 5 %M B IBHM: ($8)
5 % RINIMIE N B TREZS BRI A - RRIEIT
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= &t 44 25 ( 57 1)
H R R B | 30 30 (100 7)

1. o5 o fbte, 719 » MRIAES L OB EK
FFEERE (3 11)
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” A 5 3 '3 WES L OEE AM %% 20 9%, 1Rg8 AM 13 %
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# 13 Niacin test B : # o #H & o k %
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1 0.47)
34 1 2 3 (15 7)

H (0 97)

Hoo® R OH 31 11 1( 39)
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BRDSEMED & UL T XTI Th b, FEEAMTIED CORTHENBLUVOERDD H T W0 DT0
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A<V / A CBR OB
| Sod. succinate “ Sod. citrate

A 7 2 0 0

¥ e i) 2 0 | 0

B 5 i 2 1 0

| om om(RwEn | 2 2 (9% 0
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7% : Sod. acetate, Sod. pyruvate, Sod. lactate, Sod. tartate, Sod. oxalate, Sod. benzoate ikt Sod. propionate O
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ERTIE 14 %388 AM Tid 35 %) CUCE L,
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ERTIX 28 9 (338 AM Tik 48 %) 25, F1z A -
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ra— €& ZOMD 1SN U SO Rk % 55
BIALDP C FHETAHE, SM BETIZ 96 % O
B, 12 AMBERIRTY 72 % DL ZNENC
TUTBUTZHS, a8 AM T3 2 0ITERD 17 %0
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PIRIT LY, [REREI SMEESE DL b IEHRTH D,
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R 5 C DT,

17. 400 mg/cc B CHAMBBIEOEKROBE (3 17)

VR RSB RROBIE I A - SiERE 1009, B
B 67 i X0EE AM # 80 VTN mRER
LIzDITF LT, SMETIE 25 9, K38 AM ETi
30 % LV HERRITT K801z, Ui > THEED A
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ZO 1 O ERE & 2E STER X H @ No.
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B chberg) | Ppaoto = X X
] : X N .
B X BRAR-FER, ¥EIE Eosin-methylene blue i,
R 2 JEEHERE (MR8 & ARSI & ORI
wo W | k(B RE e WA L] ] <] |y mm
e o Bl s | Mg v A )
M % X:gﬂ i f§f2>52/201 *;g‘; Y ?k.,ﬂ- > [ & A
B I (o) | %7 %] N T
il & & U= S O = I z
B 7 B | D g | | o | 2 o |~ =
| BEaE o g | gy g9 | 0 g WE\EG R,
LRI EE Y RS I IR I
. B T B
%‘EZ% Myc. B Non- | ¥ — g T + # # |+ + 4+ V||| & —| - # #
751 fortui- | photo By
%% tum l ) A | | %
Ex Non_j+¢§]++l+++ﬁ SEEE N B S I A R T
/ﬁ IB | & photo.! I8 « |
H I | | |
B X ENSR-EER, X @IS Eosin-methylene blue i, A N3 15 £,




72 v v ¥ Y 7 A
. ® 22 JpEmipiEsr (K28 & HARIRHIEEE & oIEpgl
giow o | v |mwR RW U RR HmHEE| L]y s |~ e
| | ]
| N | = | v w4
| " - wovoOn B g 7520 1 ﬁﬁ 7 ) > [
‘ J6 ~ | % Ui‘; ,k
B B 1 pH ooy (%% Ty B y -
H fa, M 7 g U ER I R - - R T
i B V4 ﬁ e ﬁ Al 7,, - E 2| . N =
| ! 5 9 | 20 40 Vo B VIR
B o4& (B MW Woo e Bl 4k o Ak e B B OB
’ ‘ . [ ‘ \
%FTK ot Non- |+ = F f o+ | o +++IV—+\+—'—-——i+i+-H+
grfg%% 120 photo. « Y ! ? \ X
HT Ji. : ! |
w0 = H (T Y R
i | i‘ T e I B e b A B R e I e A
i Bl ;ﬂ::l photo. % B | ‘ X
;% . I Vﬂ‘ I D B R e _
A X EIRA-ZHR, ¥ B Ecosin-methylene blue B5i, AFNZE 15 2

BB ORI L b AES 1z 120 Bik (K38AM)
FFE 22 OLoiw Ak haoEED BLER (SM) &,
Lebek E5ETO FERES L O » = vEERIFHEED 2 LAt
DFMHIRICIBNTIZ EAE—FT AR ZE LT

22. 19~21 D/NE
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vy v ¥ Y 7

P

% 2 JEEHEEE OB L 2B (20 2) [ U L %PERO Non-photochromogens 1251 T
o | oM m#w —~ 5 ¥ wo
;5’% VG i W o= o | ogp LT AR U T BE A 7
i‘ 20°C 4h ' o~ £ o 40°C |—— 1 Lz ﬂ)/ = @%‘Z
360 ~T | ‘E,, | ¢ 5 L y
a2 Kooz T o 7 y | 7
7o | ® %;@m%j;ﬁﬁ%% I
i R Bl lw | ® A
7E | B b # @ BE, H K | & | m f | xm W A
= | | : {
No. 7. | — -+ — E - = < IZI — NE - — -
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@ 100616 #k: & A HE DRI ) Lebek HPRICTIIT %
B, 5 %ITH T A, T v METDAE, B
ALRFEFEE 15 B T 2 o~ 2R3 X OFUIER ORI HRED KT
378 OFFEDFRYD 61T,
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* 26 IEERPIREOERC X 2B (20 4) AU JBIGRTED 223
SeFe ot 2 BT AERRIC oW T (a)

"?I; ple E wolx B i g, | v |mme| s | 2 | 2 z

Z B | m e ) 1 3 A =

& % By T i B | ~w 5 L | 2|y

] PN O 9 % v

g TR \ 240w m | ow|mE M| x| |
- S — __’ PE— — S S .‘._ —— — S
No. 8 Photochr. +o< 5 H[ b — - — _ — — ‘\ - _
No. 7 | Non-chr. — 71 i 4+ //gs ;; '\i LS — - - : - -




74 5

VoK

:/_.

7 A

S JERMHERE OB X ABEH (20 5) FU {EISRTIE D 548
FEFEENE 2 BT T 2 EBRC oW T (b)

10 il b P BN _ e B ®
& v v 5 VA B ! B # * 7 oy T m | *77«7777*
- = Iy =1 i Vi V4
gl':" PN o/ ” ~ ;{% L % B y " -
71 Loy ‘ o B b, o | e v
# @ g W 7R OB I 73 v | B
W B S A O | s id . :
i Cx | #® | B | B L PP W
" w | ® | wm | Bt E A Y
T _ _ I ) N < L |\Tva—
100616 Non-chr.; H H — F-i7 W+ —1270) o _ _
i 3F | Scotochr.| — + W = - — - <7y 4 L raa—| _
o 1 H D
1 3EN3 Eosin-methylene blue i,
£ 28 JEEMABREOBEBKIC L AR (20 6) [HU ISR T 58
SrFEEM: 2 B 3 2 EifkicovWT (¢)
#” il i e * ~ B R
E
Ik Jt OO pH| g iR Bl < | Z | v | pH|BEHME| » | 5| 2| »
£ 7% B\ 5 %EZ)'_ i B it 717; ' J; q?*_ 5 1 7=
wo bt E Bl (o0 K x b » | ¥ % F | V| 2| v
£ w & RiE |y ESN v 7 B % }1;. v | 7 Ee | e
7 A1 TR 2 ey b |
- H 5 B E| B i e | B BB | HE k| T M|
T o i | I
| <5 _ a—E8 _ _ _ _ _
No. 8 | Photochr. + H H j@}} \ — i+l =l =1= 4 :
No. 5 ‘, Scotochr. | —lgpm T | * * 7 7‘6;“7; Tl iyl o === x| = —| = =

WiRLIz kst 2 214 % & 25D No. 8 B
& No. 5 B:ORIC b HEER LOFKBORES, Iits
H EORBTOEE, pH b5 ILB T ARE DS, HEE
e, BYLKEEAEDOEME, < dF v — eFEEOmR
5572 & NCHFIHERI A O BB W THMU DB S 34 o1
126

PUED L5, AU AMC T AM OFikEC
AMHNAEEDTH2TH, EHRITI >TiEdhs h kiR
BRTT2EDPENZOTHEET AL EN T DI
P, TOCTEIZ AM OFEFRERYD AIThIcoTH43%
BICAN SN R IUE L BN ECATH A VDT H
BWETEH A EW,

24, =wv 2 (dd-K 7R) 109 2IREMECH T 5 AM
& SMEDIELH (3 29)

1) iR IR (Bigs H OREEAM) —EBEIRP 1
mg HifE—

a) PIKOWIRINZE(L (No. 13) @ Ji—D U L EK,
BB b N SR OFE R GE B

b) RS 2E L (No. 13 OFF) - 32 UTHE
BekmRapRiuie & b 72 AR50 sE L & 2 O EFEIT

b b FE B I3 AR A,

c) L b DIGEEE (No. 13) @ fifid b kAR
D, EH B, BXOHESED, zhehEEEc—
I HEERE,

2) 120 BBk (Hm Lk b DK AM) —EHIRA 1mg
PErE—

a) WIBOWIRINZE L (No. 1) @ Lk f iR T gk
FRGIOBIC A 51z SR OB R OREE BT H DIz,

b) JREERRT 2 L (No. 1) @ BT AR T R
FEHIOBNCI T 5 L RBROFT RSO OTTENITIE E AL
TR T ORURECHEEE LTSI L Tz, 223, KAEE
R b 72 b JIB O & BRICEE I N, ) BIKE K
DOHERE 23N TSI /NCE R SN, — T s
Spinning disease DJEk % UTZHRER & Bbhiic,

c) WL b D#EILEEE (No. 1) : ik b IZDHOD,
FFas L O X D3RSO, B hRSBOENE
NHEEEIC -3 T AEEORE 2 AT,

3) S50 B # (FAkkbd SM)—BHkHN Lmg
Pefdi—

a) PIEORIEAZ L No. 37) @ BTk dl O £ 1l



DRV

v 7 & 75

hdf% BRI 2 5 NT20 LIRS SThE AR

Uiz,

b) FEERET R L (No. 37 OF) -
GO R &AW T2 R S iz,

c) Al b oItk (No. 37) & filils X OHFL b
BORO, FEBIOBE I DESHO, BRI
TAEENENENIEE LI,

4) 4 30 Bk (X bDOSM)—BEBHEIRA 1 mg B
%___

a) NOWEMZEL No. 7) :
A E DA LN,

b) FREEF (L (No. 7) : BT S HOKME
fAE CF RECHIIaRR) 1240 v v 48R & K EMER
LRMED & A DREIIREED A SN, CIUIEE
DORERED C &% TSI LIz Hic L, &
U B IBBRCE B2 R U T, 7835, RBNTI3EF ) UARkEC
FRDRI KR S BB b?"@%%%%{‘*if L AHDHE

et T bz

B L B DS EIAA

b BRI L D 7 AEEHIEHE L IZ. T D=
v 2C Spinning dissase MIERZESEL 724 O & HKr
INt,

c) WX b omgak#E (No. 7) : fifik hiZDHo,
FRE DS 2 Ms LB L b 3o zhzn
PRI A EEOFEV DO,

5) /N

P kb, B X D sk s I AMO IR T
BRiE = 20 U Tnig b i OEEM: 2084 2 & 0300h
Stns, AEHTIESE AM @ 120 Sk (B kb 28k
HoTh, IBHIE SM THaREZADFARLHD
S 50 BB Lorhkbhd 30 BERchH-THEIZTD
Pl I BRI R DR 2O UIREE 2 < 7 2 1ITR U 5
HTELHDETHMPON, LK >TTD X5 s
PHLTH AM $EE SM B & TIIHEAIGEMY UIZE
FROTEET 5 C EDHERIT X 2D TH 5,

25. ==y MEIREAKEIZOWT

£ 29 <vz (Ad-K) g AREEICHEIT A2 AM & SM & OIEA
Img BB # Ik R # &)

e R B HE

<o nrnn | B @ | Spinning | W I WOE 6 Gk A )

I RS B N
e P | E | B ) 3 e ow e | - e e N R O D)
iﬁ i “ | v s | 2325 | = G B A 1 IR G I U G
# | gt 9§ w | 15| 7 | 24 19 ~ S R G N N G W e
- s i 1| 21 3 | 28 17 + I N R D,
18 5 1 - ) —y ) — oy e
o 120 o 2 v 25 17 (=) (=) (=) H (=)
Bt o | 319 7 | 2818 4+ F (=) (=) = (=) ()
s | 17 | 12 7 | 19 14 + *(~i —K—>‘—(—) + (=)
A 50 2’ 42 % | 19 20 - (=) = (=) == (=)
P B | & | 3 | 18 38 | 15 10 - — ()| = ()| = H G
. 7w s - ] e -] o
+ 8 | 22 7 | 24 14 LSt B B b I e G I B A G
H 30 o | 42 ®m | 19 16 + — (=) = =) =)
ey FOFIREMIC 0.2mg 580 FilOHFE % DL AM) = B 101 £ (X DOHiD SM) >4

R U CIRIRITH 3 2 B EGAE ORI DR 2 1 ~28
HIENC Do TBSR U TCHER, Z DRREICTIZ AL HyRy
PRk Sy gk (BB b SO AM) == 120 5
PR QR b PEEOIRZE AM) = BRE 71 Sik>+
305#k (R h/AEo SM) ==ERERIER BERE H7
BEDIZE AM) = BHE D £ (% A3 SWEX b8k

=7 —ff = S 50 B #k (& boEkD SM) = ML
1658k (e FORML Y FEEORE AM) > =2 2/ <
FRODIBED A BTz,

PRz kb =enrey FORBRCH T AIREIL, a8
AM TH AHESAD DO D2 (UA Sy B KiE

SM (4 30 Bk 2ADb Db b5 (FEHEIFR) C



76 v v

L, KSR AM THEEE AM (LA Sp B X

BEOLOLHY (120 SR, )y SM(F =7 —f)
mAHADEOE DA (MLIGEER) &z Eniahoi,

26. WMLBIIHBEEIZOW0T

Mg AM OUE Ly B (BIBENGKL D R, A
Sy # (EE L bR BXOURgE AM O 77 a BR(H
Mk /e 0% 1 mg %2 7~10 HEMELZIROHE
IR TRk SN AR R i U Ts & T 5 2 OFR
JRTIE TR Ly BRE == 77 a B> 1R Sy BROIED A S
niz,

Tk, EEAMTH T 4 HERAMOBE KD I
it k> T EN EABEOE{LZRCLIZY, I 6IT
B2 xR UIZH U 2BA0H AT L
DLz, Tixb b, TDC LIXERAMYEIEAM
WU TRIZWLT U B S i X b &
PRBTAEDENDOTINAI,

I # ¥ &b &5 &

T3 LOBEGEED 5 B OEWSEAYIN UHEALSAN 3
EEZONWT A A1, —f&MD->T 2T SM T
BNT ol b AL, DWTEE AM ¥, BEEAM
H, BUEOHTH hIEAESEEC BT D s}
WEBTH 5 C ENFED BT,

X BT RO TSI D AR T R T fii
EREUTHAHE, AM BIIITHMEREE SMEED
FRHZALL, UL EBL o EWVAIEEEERL D b &
LA SM #DIESITL VIRV E DD L S iIcibii,

LCAT, SHLILAXOBRRR &Y DT TEELTH

L, AULAME JIENTOAEBKRTHH T, 21
B0 S HITIZ— e M A ERBEIEOEITIE b b

TR VB UOHERE AT T L O b — A
TNTHEBEDP D TR, X HICEHLROAL b F <y

2O AREIRCN TS AL, B AM B
CETAMODERE DL LA SM BIZET 2E
BRODHHEDE 3D LA PTO A Ev-ots k9 5Bk S
ZHABTUIENLLTEINTVA T E 0121,
LT3 2 T LRI R 5 3 HUE—TT TIZBIED AM
VS FRRE D FTHEEMNZLDIZTEBNEDTH
ST, LN H—FOREEICHT 220 0 Genus
Species DHFHD T E FIZ5HI DITTE AT EZHD
TERIEE X D OFBEE 2R L, FARRCEE S 5 0T
LT SM 2L b cNFE TS BIR E U THE
RUT, ZN5IETO0NTORMIGELGRC X 5 Eehadss
FbNIzOBITE VD TIREINLIXETHAD &
5T &, LI TR FRO#ATRIE AM OARE
IRV UHSRICEA U T DHEEE E b ARRE DB 2457 4
BDOTHAI LD L EPWVAREEZ NS,
(B SEEEE (RRETFER)
KRIFAFETAEBEFFLE Y 9 ¥ O Hoden T84
B 2T 2 L 3BH0 3 DT Hoden ITHREFIERC
U, S OWHEICHEZRITEMm TV %, i
HaqRv #5 L OF JEE g % Hoden 12 #0712 &
% Hoden & 2~7 HTEULEIEL, 12 » KT
THRUTZET S HarRv 2 LI v ¥ FITB 0TI
Hoden 123317 2JRZED A 75 5 4T FA /o555 38w
b AL, JEERIGUAE 2 HERE U1 v 3 ¥ T 4 Hoden
W1 AFREDIT D>, FiCEEEIHFED BNz HIERIT /N
3L Hs:Rv OZNEEHALITESL>TWVWZ, (25
4 FHEH)



v v R

77

T A

1. HBEOEREDHICEHT HRHHE
@ £ LBEWHITH D

FUNAS BB L il S

I L&l

BREHURIEE 2 LB 5 C L3 s by TH
s L Th A, AN HERANTASHE T
ONIFEREE LT OB OMMRDZEIT X
20, LEAE n YDESHICEENS 7 3 VRO
P (Asselineau %) LfFEE/HCONVTHI = <2 + v
ftigd 2058k (Randall 5) BEFHEINTVL, *
TQVERBOZCLAb D, 1221 a) FiTy
v7 2+ (58), b) BERCHTAETLIO, c)
BRI X 2758 QU D), BRALKSE s
AAFBOMBIC X 2HE (KE) 5EMBD 5,

COFEITH O TRE®RRS & UTHRMc & hHiah
AHDODHEHEE UTRE, 20 50K L>T
EDLDTEBTTL AWRWNIZ, 2D L5 DEHRK
FEUTHEEDNDODNSDEE LIz Y < 2 ) v iElE <7
FF (TA P LW&ED) 3 X ¢F Cord Factor (Trehalose-
6, 6’-dimycolate C.F. ZW&id) @ 2 2% & hdIFic,
TAP IZoWTIHEEmdIR & spgzemtE, CF. 12
DWTIHLEAPEE & BRIT oW TR L 2,

m__.

I YRLYUVEERTF FIZOWT

FIWGEAE & UTE, RN T, AR
Hs-Rv P, PRSE SRk JEEAE & LT3 #
22, Kansasii, AFtEE, No. 8, Zmili M.phlei, M.
smegmatis, M. butyricum, Nocardia asteroides (D33
DBEDH» 5, DIVONDFEILHESTY ~v 2 v viFEE
BHTH AT F PR aREL T,

LN B4 7T FORANBIRIT ST A HEERMIS =
ey P RAVTHRAELI. BIORBNCIE AT
HgrRv B, PRIESZE =R, JEEmpimse & LT #

" 22, Kansasii #®flh M. phlei, M. smegmatis, M.

butyricum, Nocardia asteroides DFERE %2 f#L>, Fre-
und’s adjuvant #MMZ TFi2so712, HNEISIZIE 5 pg
FI2E 10 pg O ~7F ¥R N,

LRI CND <7 F FO C R 248 F >~
7 F X — CHETHT,

FEREER ¢ <77 PO T NOBERZ AT
Bk 10 g Dy 10 mg Td 5,

BRFISOREREE 2% E» 28R 1 OLOEE %,

1 <77 PORARISITET AF5RE
e M B H G
BN B O Zz 0 fls o H | Nocard-
TN W B m I . ‘  1a aster-
| Hm—R:/ = ;m £ 22 Kansasii Phlei ‘Smegma‘ Butyr. | oides
g TAP(AR) @ +H + - - - - —
| rmEE@| ® - + i + —~
e : R e e R
g | # 2 + + &) + I _
7' 7% Kansasii - + + @ - - * -
o - - — - - - + —
g | At -+
H | No. 8 - — - — — - — —
% i
7 ¥ Phlei I - —~ ® - - _
%@ Smegma - - ‘ + - - T ® + -
P B4 Butyr. - - — — _ _ ® _
Nocardia _ _ _ [ _ _ _ .
asteroides B _ ‘ l ‘ _— ®_
oT +# H + + R w | o ’ -
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ERESPRCE

1) AENEEE (HarRv) & REEERE (S8 o
27T FISMEICEEL T %,

2) JEERHEEEO S b #22, Kansasii I3fHEICE
TRHU, FEFEEO B RS R 5,

3) Kansasii £k <77 Fi3 & 12 2) O HE)®
[

4) JEERHERED 5 b No. 8, HAFEkD ~7 9 rid
T A

5) M. phlei, smegmatis, butyricum MO ~7 5 i
P75 D EEEYEDSE L,

6) —EINTH <7 F PIXFEBROBE TRBIE S NITEIY
THoE M KRG %, ’

7) HY~nr ) vid Nocardia 2[5 37X TOHEE
B RN T %,

8) Nocardia asteroides |ZftlDHIEAES & 134 L HS
U7gwn,

ALEF Y RTF X —CHEILLOTE~A7F FOCK
ERRTANS L 2 DX D ERREI, UL BN
EIEETH BH3, 13 EAERPICHRANTIHHIAT 5 < — 3
— w7774 —-FD2RYy FEUT, 77=v,

E )

DWNWT a4 vy RFEATET,

UL o TR EREIT A &, 20D ~7F PieEEE(l
SN D DREBEM R § 5T 208, (LFICE %
128 ~7 7 FRRBIT A2 L TIRIRNTZO TSN &V S
ZEITA,

I Cord Factor [cDL~T

SRR E UTCERR E U Tid ARSI HarRy B, INAH
MEPE NS B M Bk (3578), JEEAIHTRRM: B ok [
Sk #22, No. 8, No.7, Bostrum, [ RHEEHAF:
BR¥ L of M. fortuitum, BRIE A71, M. phlei 72X T
HA,

C.F.o38D thFhbet & U T B2 iRBERH & Ander-
son DFEIC LI OTELNAFEH = v (PW) 2,

CORRn v 2RH=—71 - = =51 (1:4) ITE
U I AFre 274 (2:1) THFE IH, F3
RS EREE 600~700 ml THEE LI, 2% » =
= 7774158, NBEREOSGEMIT 2 »
= raasra (1:4) OFHETCED S
DT, COMETE I HITER 4 WRT EHITE STy
AV w7 A P RMVY v 77 4 — RfilEo
o INBra=<r 7274 —TMEXXR, BMZran

IUAEFYRPFE—€ A ITEDH C KO

|

j:_f;zﬂ-i’yb |

FE : ﬁ% (-E;V,tt)=10Q 12 )

e ] zZ o M o = x® 5 b
= il B Ala = Leu Val > Gly, Glu, Asp, Ser, Tyr, Thr
Hs:Rv Ala > Leu Val > Gly, Glu, Asp, Ser, Thr >Tyr
Kansasii Ala == Leu Val > Gly, Glu, Asp, Ser, Tyr, Thr
Butyricum Ala > Leu Tyr, Val > Gly, Glu, Asp

Phlei Ala > Leu Val > Gly, Glu, Asp >Tyr, Ser, Thr

#22 Ala = Leu Tyr, Val >Gly, Glu, Asp, Ser, Thr
Smegma Ala > Leu Tyr, Val > Gly, Glu, Asp, Ser, Thr
Nocardia Ala > Leu Val > Gly, Glu, Tyr >Asp, Ser

AT OE Ala > Leu Val, Gly, Glu, Asp, Ser, Tyr, Thr
T-Casein* ; Tyr = Leu Phe, Ala > Gly, Glu, Asp, Ser, Thr
Insulin®* ’ Ala 75 ¥ h

* Casein @ Trypsin 8%  [AHGMHMIEL 223 ©
*< 7 ¥ 7 4k& Insulin

®3 BEBHevDre<irrozs-—- 1 (Silica-gel-Celite (2:1) 21 g)
ws : PR s | B A0 pg iTLB=v =

FigNo. | ¥ i W | mooa | BES
BoOop | m B ey | se34mg 490 |

A l Flli=—71:=—51 (1:4) 432.5 ; 51° | 0/10(1mg, 14H T3 =L swn)

® | 2z /7—=niranxnras (1:4) 125.2 | 55° | 10/10

cC | xx s = 7.6 | | 1/10

I & 565. 3mg+103%;




vy v K& YV 7T & 79
£4 BEODrw=<17974-— T (Silica-gel-Celite (2:1) 21 g)
7 i T = |
. | = LR
4 No. ; 7 - ﬁ B 1 )8 = i 2 =4 | _"(10 ﬂg‘L
Hoow B @ 5 | 264 mgi |
1 pomom oo 200 ml 3.4 i 0/6
2 rangklal AR -1 (99: 1) 200 ml 6.7 i 43~ 46° 0/6
3 v 7 (98 : 2) 200 ml 3.0 41~ 43° 0/6
@ 7 7 (95: 5) 500 sl - 139.0 43° 6/6
5 7 7 (90 : 10) 200 ml 33.7 145° 6/6
6 7 V4 (80 : 20) 200 ml 39.8 190~200° 0/6
I B 225. 6mg =95, 49
%5 No. 4 43D Rechromatography I  (Silica-gel-Celite (2:1) 15 g)
Wizt No. | i B | m | R B 2
' -
BB No. 22 5l n v B4} | 55 mg ‘ 55 ~ 63°
a VAR PN 23 56 ~ 61° 75 v
b rmuakin AR —) (99 : 1) 1
© ” y (98: 2) 12(2295) 46 ~ 53° 10 pug T 5/5
d v . 7 (95: b) 0
e 7 7 (90 : 10)
I it 36 mg=65%

Fan e AR —n (95:5) WL (90:10) (D
LATIHY, BRL, FRIMRA ~2 r (IR) O
rRamstneAr s —n (95:5) Oy, C.F.T
BB EPTIPOI,

Ud» 5 ICSRERIBER R 2 Ol i Tid, T DEk
Drma=ry 774 =T, (95:5) OENEHEDEL
—BCREEYE L, 7, IR 3 C.F.E B2 ADT,
ILIREK S WRT IS BEHEST rn= v/ 57
« —RfTIEDN, IR re=t 274 -1 & X2,

UL E 22 OPITLDrR= 1757 4 =285
B3R 55~63°C TIR & 1,560 cm 1CZHR 720N %
WBDBY, TDOra=<r 574 -—T (98:2) OFEL
BRI S 46~53° Lz h, OB MIELTC.F. 0
IR (RIULDMEBONI, LIhsoT e bDEIC
DWTIIHEE, Zn<1r 77,4 — I OREE TR
D TDLIXUTERC. F.ESOLEEAMR, B
, DR 2 AERERE OB G LB URD & 5 nfsRs
=

1) &L 3% 6 ITRTCEL, FBille vOIEIZEE
HROMITIZ & A ERIZ 2003, C. F.HESOIE T A
EREREDIE O 3 <, REEREAR T LT Rk 0.3~
0.5 9% Thrhs, ZDMODHEEL 0.1 % FikTH
b0 &Ry m=1tr 274 — M 2FF8DOTHEDIL
B xbHTEL 0.05 % LITFICKE>T N3,

2) R R TWWRICEL ve=rro74 - 10
DEPETIX AEISEZE & M. phlei %2 THIDEBED

C.F.HZOMMAEEL, —ficra<trr 774 -1
2i7725 LR B AEABD B LD TH %,

3) ¥k : C.F. morOMKSHR2IT8OTHD & =—
FATEMESIETRT s a —ABE XiEN 5 3 DDHR
ITA Do KBTSV Tid, ABEEEEIE Noll 5
DEEERUL, 7ra—=xThrHS, JEEMNHRRET
B7nma—-20N0E Op—RICHRHEIN T2, T2
5§22, ATL TEERWEE 7 va—=, RIERTIZA
J¥y b Vevy, SEO7ra—x2, No. 7, ph
lei 7" ;v=a—x, Kansasii & fortuitum Ti o A Ht

& 6 No. 4 [H4) (Cord factor fl4;) DULE

Ftie v No. 4(C.F.) E4
FEPREAIC ) SAREEIRIT [FElle vIT
XHUT % LT % IWLUT %
NEE | HgrRv 3.5 |0.35 10.0
i IVHEEE | 55 {09 14.2
- # 22 1.7 | 0.17(0.037)  3.4(0.30)
% | Kansasii 2.0 | 0.1 (0.022) 4.7(0.92)
% ye | 3.5 |0.16 4.5
% | No. 7 2.5 |0.22 9.0 -
B | No. 8 7.7 10.17 2.9
#%i | Fortuitum 8.0 0.3 (0.045)| 4.0(0.6)
@@g A.T1 5.4 0.5 (0.2) |9.3(0.7)
OB | Phlei 2.0 0.09 4.3

(D) ARB7a=br5374— T DEED %,



80 v v ® I T n
% 7  Cord Factor BE/FDALFMIMNR & 35
B m ok 5 ® | ® ok
H 3 ra=< ¥ @ =3 d d N 578D
= RS K W Ot W 5 (i 5tek )
A %l Ha7Rv il 43 ~ 44° ‘ 3 a— iR Faa—= +( 5pug)
e INAH MHHEMER I 43 ~ 44 3 a— g yaa—= +( 5pg)
No. 22 T 55 ~ 63 .
e i 46 ~ 53 sa2—af | BEMEFILa-—2 +( 10)
& .. o 54 ~ 61
i%é Kansasii I ‘ 46 ~ 49 N . 2,1/) J/zg 5} (:) | | fglggg
i V= It I 56 3 a—afig i{;é;];ii:) +( 10)
H No. 7 I § 54 3 a — R Fra—= +( 10)
No. 8 n | 18 | —(10)
% : m | e0~63 ‘
%"%nmmm - % 43 ~ 46 s a—fk ;;Z;i}oq 1 +( 10)
DA TL I | 55~ 62
% i \ 54 ~ 63 . S T ‘ +( 10)
& | Phlei : it i 45 3 a— g Fra—= +( 10)
* T 3 Silica-gel-Celite €k 7v<br574— M %, LRzre<trs 74— 257,
o ppaBt~ Y AORE, t1d 2/5~3/5 DIERFT.
k=D OD=— TR A Y 27—V THRERE UL,
=8 DFrva—zkd vy PR7 Y Y Y TRIEORAO
MR AR | Ay br—r—pa=t+r T 74 —TRDI
OH Ester S8 (1,000~1,200n-) 4) ﬁ’ﬁ: : )\@%EZ% HsrRv #kis X 0F INAH M
¥ ¥ (7) B (@) 3T 5 pg T=Y 2 2HFEI R 5. U
» BICIEEROHERE O 5 b 4 22, AIFERkE 10ug T
#PE»5:L, Kansasii, No. 7 i3 5 Gt 2~3 JuD < v
2 RHFEIV T, No. 8 ICIXEHBHIE B Y N2 21,
ZOIEH T3 fortuitum CEHDTEY bNTIHS, ATL,
\ 1, S F— phlei 135358 TH A T & 2RUT
VBB <O (7 Y) z o fb 5) Fhhnar b 8 ITHRT X 5T NHESED
A HarRy ol+l+l + 518 5N AN C. F.13-OH, =272 BL00 D
i) IVNHﬁ’ﬁfr‘T& \ W ARG OHT 1,000~1,200"1 DOFHIT 7 DD Pty
% Mk Ll N A BRI R RT . IR Z DTy n <17 7
¥ 22 ol s BB | seoem 74— T ORI TORBRTIRCNE—FLIVE O
I ol |+ B, DB, DI ra<tr Ty, — W RS & A
afu Kansasii mlel+| = é,sgzoéég%gzo, %OD%ﬂi—?ﬁ? 50D (# ?‘2,‘ A7) & m ? 14
# 5 wlmlelel s 1,610, 7.4 —%f'ﬁ;&bﬁb‘f%—*ﬁ?b SN E D (f{fnsasn, fort-
- = 1, 540cm—1 uitum) 25dH B, M. phlei Zrn<1r2r 77,4 - D
%1%.7 o+ |+] - BRE T TIC ATIE & 13 & A EARDIRMN 2 <2 P
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CREER, WD)

L 104 T 123 gl
L 5101520251 5101520256 5 1015 2025
5 78_ P .. e
e
'fﬁ: 78 A "v N
T g = N
Hx .
610 . - :
2.1 10 L s N e |
# LN S
£l N N N B

Bricisin T, 20RO REEZFEE A5, X4 D
BIEUREICI51T 5 Scotochromogen i D E; 21T &
T84, 5, 6, THHRBUZEZFEL T b, SBXRIKE
DI E IR ORI REGI 2, EROM» - TE
BROBEDTOD BAHZINT Z DRE 21150120 & %0
o U0 THIRBRMIFI 2 (53 2 PR A X WV ET
WFEGIREE, 7 O FRO R 2ERILIAT O H R R
To FIBEOHIIZ AM Bz z 74, X5
X410 A, 11 A, 12 HIZIB17 255 5, 6, 7 Jaki
DT DI 2PERL, WE2LRLUIZEDTH 5, KT
JHE, —ERERHIESHELUIZENS XD b, —EwRH
T EIRAELNDOZT BN TEFELIZE WDV H 5D TiE
IR EER B
T 12 FER3BEf1 34 426 B 1 H~6 A 15 H
DN EN R OWEPESIE T B0 TR 5 L iz
Nonchromogen D& THHT, WVWFILE I~ =D
EERHILDATH B, CTILHD 6 BRIME ids
B SZV CRB 2 . C &1z No. 98 B
PEROTIZE EAE R A—RTH 205, T HoDE
FOOIREDS TR L T 5 T & b FElOERERR:
OHl & —3d %,

BT AM DSHURTEE OB Bt e 78 B REE % o5
WA, FTo AM HERIC BV TEEDERE DI
20 b OARENINGEZ REICTCEETEET D B 9
b, EFELTROBA 2201, 7805, bivbil
BBCENIAREIIE D Debye-Scherrer > X #fEHT: %
> TC, Mycobacterium [JOHHE &£ /s, EEHOD
Halo %79 C &, % ( Spacing 134.26~4.27 A 1244
U, fEEE T 2 Nl {, I Td %35 M. phlei,
M. Smegmatis, M. rande £ TlIRREE L, ST

ENT ERRUTL, ABROEHICHNT, ABREES
& ¥ Photochromogen |3 % D¥5FHAM D EEICHERS
pEk & ARk 4.27 A ORI 1 20 Halo %7RU
121z U, Nonchromogen %5 J (fScotochromogenid %
# 8 SHLIBH OB TIZFEKD Halo OAMENIZ 1~ EAD
BAlE7: Halo %7RU 7., CDZE B %2 6 L EHEKD
—ih T SICERNFERIE RS TN, CAEE
RHRTHEEZ EADEBA LN D, COYWEBMTD
A E BTV, T EH> 5 Nonchromogen,
Scotochromogen |, ABEEES DD Mycobacteria
PR AEREMER L 0P DTSV EHEA
bNAb,

#® &

SERIM B RGP % AL T RIBEERH O 20
% CiRHEZ R0V, 2055, I NH MEEO
Beihix SM e ik TEHR @b Th oz, —J7
HEEUR T 2 BRIRGIO M M e & b HEam L T, (ERE
ANDJEHe, Z DBROIREDE&MTH VT I NH M
PEES e TO &) iU CHETIME R B A LS &
#7051, Catalase [BIEO—#0D I NH MHEED A7)
BHed BVSFIRRES R H T B LHEEEINIS

U 50 BIEMEG 12350 T, I NH B 0E
THE RO BRI 2 4 125 3 © & SFEILE SM
MR & OHEIc BN TIIB S NS0, Tabb—
RS BETMER &0 2 B 2 {8 & OREFIO S AE 3
AT ERATU B TiE2 <, Host & Parasite
M HIBIRIC ISV TERE I NS TH S EHEA %,

WHW AIEERPIERE AM OEFEREITHT 5568
H3H 0.59% ThYH, Photochromogen 1% FLHITZU A4
724", Nonchromogen M3 Scotochromogen M
ZIVTHELL THEATH 538, BHIE—HIT 2050,
U U Z iRl 2 7537 L 8D U W A i3 7213 12
Tho1,

Nonchromogen, Scotochromogen OfriHIREE - X b
#EZ2 T, T H13% {1& Saprophytic Tdh > T—HHIiT
PRGBS RIS, FIEBIC— I 7R R
D 5 BITd X, M ECs W T AL
{y AMBRFRT & R A § D12 Host OIREERIA]
LD TIIEHRD 5VRFIREEL D 5 LA LN,

AM JEFIOBEREUC OO TIZhWE T HBED & T
AHIIZEED U MEGIOER L ERRED Data % § 21X 6
ERETNEBEMTHOT, ZNPRITHARE TR
LEZ D,

733 Nonchromogen & Scotochromogen (3 Debye-
Scherrer O X HFEHTE D &M ESOVURE & 1300
B AGRRUIL, DT L BBHRETD &b 28T
D, B FENEG IR AHEKDOLEDTH S
5 EHEZE ANz,
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1. MBEORELSBICEYTSRHE

£

(1)

il

RBEDONELEFAT VTR IMBLU=aF V7 IF—ETR b

FALAF HUEERBSENT & g =

Wb AIEEBIFERE ¢ Atypical Acid-fast Bacilli”
LIy EW0 D T T D D F IR BRI s
Vo BB NIARITHEEREYSD D U dEEE L B b
PIE VS XI5 ICREMEDDH % 3 DI KREL TH
A, F12H B ANEIARD A VISE b BT HIEEE CTIE
TERIEETA 2 Ve A YURE %3N CIRERE & HLU T 5
(S : BEANS5ME H AR ERSE XTI o FAIX AR S
BIHIRE T AEEEEOA % CERIE” (Typical) &
FRL ZBIAD, ARID> 5 THE 2 32T “IEER
B> (Atypical) & LT¥72v, 7aw7e b AR 5 18126
BEE CRREBEED & 50 W 5 IEERIE I IR IR
LEFEOMNE, BOME L IERICREZL Y ZOHRD D Bk
BABICEEED SOE ERBIDOOD N E DL D 5,
T LIREMEOIEEME & Z 5 TR IRERE ORI
FEMPEINTISAR 73 overlap H3d HIEEREIL 1 >D
Type TRWERELZONL, TD XS KEMERLZ
DOFBRTHAED & L AREE LIPFREE L1325 )
RAT S50 3 DG U 508U s T—sdee i
HELSTIIE5 BERMICIERITHAS LS. £
TCHATIZEREC BREO ABICE T B33 LA
EHETHADOT BRI E ) MBELEZL W
D3, BERE b ABIE & RSO TCRERE 2R O CIEERIE D
FIZANIZN ER S . FRERIE 2 AR 3 A EE &
JEREE (MEEMIEERE) Lo s,

AM & 1S cHEBEOsE (ERRMIED)

A) ERE (Typical)

NEEE
B) JEERIE (Atypical)
1) JREPEERE
Paratubercle Bacilli
Anonymous Mycobacteria
Anomalous Mycobacteria
Pathogenic Atypical Acid-fast Bacilli
2) JERECRERE (MEEM)
Nonpathogenic Atypical Acid-fast Bacilli
Saprophytic Atypical Acid-fast Bacilli
3) RHUEE
BRI

FPERETob b AME LIEEME L OEFITH B
H8, TAuTiE o &} §iBi7s Niacin-test 29 39172
WV COJFHRIC L TUSHUEE D 5 b ABE 1 MR
H 2 DS NI DA OFTRE I3 o~ Tieticii 2 (Kon-

. no, K. : Science, 124 : 985, 1956 ; S8FELy © HAEINA

%, 17 : 504, 8233 ; Runyon, E.H. et al. : Am. Rev.
Tuberc., 79 : 663, 1959),2 M 5 % Runyon ¢ Modi-
fication 73k { Hi % X 5 Tdh b, C D Niacin-test |3i#
FEARTERIN TV 20K EKABEIZ 96~100 % 5
Yo AL, ABBEDAOHEEE L 97~100 9% &Y
HTWTEBETE2AHETHS Y (1),

% 1 Niacin-test (Hp:)

[E R EEHD. D PUER T
(E#: 20 mg D 1)

2ok 1 ml %A ES
B = =25 vEkhi

R 2 RRE T R

10 95 BrCN JkiAWs 0.5 ml

4 9% 7=9Vv=1r7—-0¥ 0.5 ml

N N
BT 2 L % L s U
o (Fprd, B, JEER,
(N5 EIREE)

(HFRIE D H AT L)
FREDC L SEEZELU QT H ZNHIEERET
HAHTEFIVIEVED AOTEERZET 5, bIvbiuk
(Konno, K. et al. : Am. Rev.Tuberc., 77 : 669, 675’
1958) KREzIBWT Technician HFEEET & WL 1280
BEOHRIC 1 % 5 0b 2IBREMIEEELEEL
TW5 T &% Niacin-test 35 L OB EBR CHED D T2,
T 8H LRETHIEL» S DAHBH 2L T 3 Tech-
nician OBWHIZ 1 % DREVPBDHH EWVH T ET
HBo THUIKEKLDOBK LIFRICEE T 50 5 R#E
DILNE DR L BT NEL 5750, FIEICEERAT
AR 2 3R RE R & U TRsLC IR S
N, FHESeE 2R &3 AP O R & 3BT
el T A BHAD JEEBIEER: O 1 § 5tk Niacin-
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test BEHED b D3 h, FiL5 IZEWERZF DHORER
12 & A4 Bacteriophage, (b3 PNz 4 % &gz
Ed o NBVES &R URBRE 2780 ABIEE Tl s L 5ED
MBS D5 (@A - BB 35 48 H ASERORY:
FHFD . Teh HERME LMD A EorT b IR
E»d b, JEEREEBONAEOAIT b ZREDH 5
DT % OEINTIIEE TF UL 5 750, Niacin-test
DIEPITIEWIT 3 AN, Cord Ak, rkLL
&, A7 270 v A s LOHESEEICH 3 5 1&
SRS 3 B, NBIE & FEERENE RO AR
RCEhCER LRl SN B, FEERBEOROIREE &
JERIEEE & DT A FIVRBR FEAR T 523780,

NETHREOBREEDEDN 254G, B CGOEYs
SONDLEE, Tz BCG I3BIED & T AEEER
Z DD Test Tk BCG Th B ET AUPDFHIL,
LDEEEbIVbIWD=aFv73x—¥F5F2 b2 ¢TT
WV, LD =aF v7 3 & — ¢ E3HEED 5 HARE
120 DT T OFUERE X < Tz i % (Kon-
no, K. et al. : Nature, 184 : 1743, 1959), biliilL
BFAar7vvFzatrl=asrvrixr—€72R2HD
T BCG /% C %72 Lupus Vulgaris 7> 5 £33 72
EElL»ic BCG ERELI (2, 3),

Runyon {Z 411X (Runyon, E. H. : M. Clin. North

K2 =a5vrsx—€72t

HEaEH 200 mg
JKT Nessler [&M:275 % % CEYEL

TR O & & b IZEEf K 10 ml
3,000 r.p.m. 304y
I 1ml
.J‘_
=afFvr=4F 300 v
pH 7.0 Phosphate Buffer 1 ml
(control (X I3+ Buffer )
v/ 37°C 12 R \o
Nessler [&: Nessler BB
P A, B, e,
( 72720 control T
Nessler TEET % & JERE

%13 control (Df %35
LB T &)

& 3 PUEREDELEEN

751 | 47y v =adF vy 3
S 5 Ko7
INE I +
SR B | : - -
oW s M - +
Anonymous Myco. | - +
EH R A mE - +

America, 43 : 273, 1959) fRIIIERTISIREE % 4 B
T TV A, TED BXFHKEE (Photochromogen), ¢
A E (Nonphotochromogen), WE¥&E (Scotochro-
mogen) 5 LOMEFREE (Rapid growers) Th 5,
T D9 bt Scotochromogen DAMST35 L8 Rapid
growers D3 & A EAIE ARNZCIBREMOBE Th % &
LTHY, HOETLREE, JEREES & QeREl
LTV, 35h bARET S B JEE e 215 { %
A, WU S AEICREED H 5 3 O1Eh b Tl A
o> 51572 PIREE T, JEERIEEE 2md 0% $XT
Atypical Acid-fast Bacilli & X R dH 5, ZDFE
ATTREBN TOUDONDO RRE—FT 5,

Tarshis (Tarshis, M.S. et al. : Am. Rev. Tuberc.,
65 : 278, 289, 302, 1952) 3B+ & O kst A D>
5,78k U 7-Chromogenic Acid-fast Bacilli 73d % fif
BWNCIRIEY L D 5 C L 2HEE L, FTCFESEAEE (F
PG KER © BRRD 35 4 HARSRORS 3 Kb o 0
U TCHUEEE Ao O Nonphotochromogen 173D, L
TWALERFEEREL TN A, TROLIEEMED S LR
JEMEDBIE ABHSEEE D EF R O It BRIz &
BAALDL, DUSHRRICD 2HEED 5 bd A1
JERENLD D % & O ABICATE L TWT, %0 host O
BHUEDWIFL> D> OB T % O host ([ZPRZE L
TCEZBZTIEDWEBNTH % E S, HIRFRDIERE &
IEF DO N> O P THURE & 205 EHADIE S DA
ENCIRIEM: D & AFEEBIEIC IO EIR 22 L T A D6
1 SOWIRE b A5 SN D, FREHHEEIED 21 K
TEAFBC 101 H VBB HR SN/ &
5, A O NITEYET 2i5E s & L3R 85 4
DWHEA LIS,

EREREOEI il St ChttE S WSESIORAN <\ RN B
5%, 97255 Edwards 12 k % & (Edwards, L. B.
et al. : Am. J. Pub. Health, 48 : 754, 1958) Nonpho-
tochromogen |z X % il A3 L OSREEHO 45
WEABBED Y~ 2 v v i2i3 i3 Nonphotochro-
mogen DY <z Y VTR T A DONEL L, o
RIS NBIE Y v 2 ) VIRBUST % § ODZ o1,
F#EPR Crow (T L % & (Crow, H. E. et al. : Am. Rev.
Tuberc., 75:199, 1957) REEHD Georgia W Tit
Nonphotochromogen 1 L % B#Z 1353~ TDOIEERIEHE
# 69 il 64 f1 b & b, Hiicid Nonphotochromogen
WL BBHMZ N & 2R TV 5, CHUCE USKREL
#C &z Chicago fJTi% Photochromogen J&Ze 53
% { (Keltz, H. et al. : 16th Veterans Administration
Conference, p. 290, 1957) JEEREIED 22 % & H o
123 Nonphotochromogen 13O $hT 29% ThHo1Z,
72D LEFHS &G TR BRSO 2 Bz U T A, H
RTIIBHEE CHI SN IEEMERYYE iz 1 f3
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Photochromogen (375 { 3 - T Nonphotochromogen
%> Scotochromogen Tdh-o7c (RAEE= w : FEFN 354
HABBRTER Y v # 97 2),

FbNbNOFHE T (Sato, K. : Sci. Rep. Res.
Inst. Tohoku Univ. Ser. C, 9, No. 2, 1960) [iif&i%
B X b S OREEE O 5 b RIE Y 632 PRy
- UCHEREREDS 43 Bk (0.5 %) THoOIN, 2055
Photochromogen 3 1 #:% 72 { Nonphotochromogen

25 20 #k, Scotochromogen #3 23 #kdb o1z, [ UIEE
B 2017 T H UIEE RERYYE & Bbe 2 L Ok
o1z, TICRETRIEEHNERBRIENS { ABEHEL
BED1I~29% 55 EVIH, DBERTIRESIXETS
HCHEAET ThTOLIAERT 10 BAZHA AT XS
Ve PLED T &b SO EOIEEEBRIEI/EC &
WRE SRR OBPERZIL TS EDE/MD,

F

BRI R

T OO S NICHURE & BEDMIC, SIS
B SEERR XA VD T & A3, Atypical mycobac-
teria, Atypical mycobacteria TEDZWHTII A /s HhER
BCLETHAEELONADT, Atypical mycobacte-
ria & EHIISC UL AR DRIC, FERAS HREEN
ISR B AbPDHETHD CEDTEBRND EFEL,
HEREIRUR 7 FA O TZ R BLIS 2 B 120

KE, =ty bR, ZNFN HarRv OFE THRE
U, ¥l EAgcBEsy, Z2ho0@cy — v
vy ) v, LHEBREEEER S A CEARE 21772
WEEEE R b o CHIEL 12,

FABRERLEWANL v < 2 ) OSHENET, ER
FEARRWT X 5 BREUSHIBIE TH b, HaeRv THIE
UREWNEZ DTH %, 750 b7z hEFEN SIS

(2)

il

—

* E &3 IS

Btz glgERc D2 L, ZOBERGINE Y <12
Y VEIED () OBATHY, U b FHEHEEEK
KT ARG Y =~ 2 ) vEJR X D H 13 202800,

FHEPHEL T ABETRZOMT, Y1y
VT U CEEE, L mEREEEEm U THREBIE T
27,

L OERFESORESED 5, Atypical mycobacteria
VWEZBEHL T A BADBOOTISE, ZOEEBH
DRRFEEM S PIR OB & LT 1,000 {EE28087K 1< &
ARARISZITIED T EWENLDIZA D LHEA LN S,

X 51T, bNbOIUIBO—HHE DB A TtE U THE
RS % 13755 T, Atypical mycobacteria % flDHIEAE
POERAT A EHBTERND EELERZTETVA
H3, Arpd X3 FHRk% M. phlei, Ravenel, #1E» 5

BHRCIEI B, BRBITEXT293, TDT &0 TR ROBES TR
A L ORI VT, AROERRE? [
13755 &Y~ r ) v FHBRREERCEL, LT
£ T (3
ARERE H3Rv) SLUFERMBEEERRRRD '
EXILBCLREE IC & B ELERR IR

JERETIHEAEE O Mycobacterium BT 5 055
FEEBAESBIA LTI, Obiud 3 Tl ARl

BHE (HaeRv) OJEMBFEEIRIL D, BRTES LU

BB e HERETAY —v=vrba7Z3v — v 2T
IoT, WETTHER o 4 SO4EMEAES (1,1
m, V) %8 TWw5a28, 43 OBEEAREOIEERT
B EAETRAIT 35T A 2 DFESD, I HITZ O
EMDOERIZOWT, ERF L WHBISIT & ABRHTD
B EN S,

EFERE, JEERIBIESE & L T No. 1, No. 7, No.
g No. 22, ZOfb HarRv, HyrRa, B CG, M. phlei,
M. avium T, 50 HHEIRE 1 0T (RS
Nniz, Yumysid, 4HEPE % Freund (O incomplete
adjuvant & & b IKEI 2 EFREHT A C Lo
TSN, PUERIIRIEES 30 mg 2 vovy, 7—
2Z2—HE bmg 2y rThbr, TDLHITLTH
THEBUR S L OIS AHUIMLE & Sek U 72 HasRy, T,
o, WM, IV O&ESOWMERGE, Ouchterlony DZE
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® 1 HAFEOTEE

gk
JERETE R
Seitz filter T5:E

K EEE L

imm/wﬁ@ﬁ

W OB ®\

borate-phosphate buffer
pH 8.3 1=0.1 1Z5HH
il £ J&
AR - JREAIBUEAEE No. 1, No. 7, No. 8,
NO 22 H37R’V, Hq~Ra BCG M ph—
lei, M. avium (#1F2) |

ES

RYILEEZ AV, ROTE X 2008 L2 THisb
N1,
Mka B b
#iHyR,  $HyR, fiHa R, GUHERIR
1 tJ‘}l‘l i & &iﬁ'
W41, 1, M, W %ﬁl‘? BT, 1, I, VAR

Ry NIRRT X 5 T #58433 2 1WRL T
HhH, COEPOELLE X ST, JEEIHEAEHEIE
Hicid, 1) T, IV OB T AHEIREY b e
(BEA), 2) 1, I /)& cross react 3 A A
LTV (BEB),

YO RiE, AU 12 IEE BB R RIS
Z DREKIz 5T HyrRv, HagRa, M. phlei, M. avi-
um DZFNERLAT ERRLTN B,

BFE, MBOIEERPEEENIT O T b 2 DEEERHE

v 7 a
x 2 ERIEBHEIT X AR
Hs:Rv W43
] 3
I I I v
No. 1 + (Spur) — + (Spur)
No. 7 + (Spur) — + (Spur) -
No. 8 + (Spur) — + (Spur) —
No. 22 + (Spur) = — + (Spur) —
+ +
+ +

BEEA HsRv H5 IV & No. 8 fifiE: D
Bt (BX-b)

AtRv {\th
o 0O
/\/
f
1911 P No.8

BEB HaRv @5 T & No. 8 fHLE D
BGR (BrRa)
DEFBTIEONT WV AY, F 2 OFEFE 351t
& 5 I EEERRIAUE O A3 Mycobacterium B D434H
F ISR SIRED 1 2 & U T oA REH:
DD 5T &ERTRL TV 5,

F

ACHEE AR AR SE T

CRUTEATIHEEDVDW % IEEBITURE S X O
B OE—HETY ~1vr ) vBHE, SHEK, BRES
DHERS X OBIRE 2 DL, TN S BUEIE R B
LU TEBEROBULTE (v ¥ ) & ORI FRnEREEE
BUS 21372212 & T 5 FEEMER), FTRT & 5 5K

Ol #® K

21812, 978D Huvb W AIEE MHEEE OHMEREILE
BSEREE S 3B L L BRo T %98, SEHEHEI
EHARERIZDO A5 L0, UL UERERD % i@l
TRV EDE DA (B 4 35 L8 100616), g I3IE
FRGUEED 7 v —7 EUTO LBHREIT 2205 T3

aﬁi@m@%®mﬁ$m SN (fﬂhﬁ%ﬁ%ﬁﬁ; 4 J: 52&7 BUTS)

T S T
MZI f—* 8 100616 ‘ Forbes g 4 %1 £ 6 ¥z A BB
P = - - - - T -
/z} 100616 — — — _ _ _ -
i Forbes — — | — — — — —
| ’
4 80 10 20 10 - 40 20
y
yﬁ:} #1 160 40 | 80 — — 80 160
| #6 - | - - - - -




¥y v ¥ Y T & 93

w8 - - - = - - -
100616 80 160 80 40 40 160 320

" Forbes — — — — — — —
% | 44 — — — - - - -
w1 - B B B - - -
56 — — — - — — -

3 HyrRv 320 | 320 320 320 320 320 320
p| 48 - - - - - - -
100616 — 1,280 — — — — —

I8 £ 4 320 40 320 320 320 320 —
£1 160 20 320 320 320 320 -

W 46 40 40 320 320 320 320 —
Ha:Rv 320 320 320 320 80 160 320

48 — — — ~ — — —

z 100616 — — — - — — —
L Forbes — — — — 10 10 10
Z 44 20 20 160 80 80 160 40
v 1 160 160 — 10 — 40 320
gi 46 — — 10 80 160 80 20
BCG — — — 160 320 160 640

- 100616 — 320 - 20 20 10 20
- Forbes 1,280 1,280 1,280 1,280 1,280 1,280 1,280
e %4 — — 20 320 320 80 —
& #1 160 20 1,280 160 640 1,280 1,280
H £6 1,280 1,280 1,280 1,280 1,280 1,280 1,280
25, A BUEEREE &34 LT uvsn, & LT type 5, —HRICHROFRMFRBAERE & in vitro DFUEHE &

specific & 315 N XBEEEHUED S % C &1 BERERO
(100616) ,

WIERART D A0 5, WHERUS, FHEIUGD & 5 751k
BUBEHUARES % & 5 SIS % AV AUEBI O BB H %
THEMIZ L BAAE L DN A,

PR3 FRmEREA AR % T A PURD 5 H IR T H %

2

1954 4¢ Timpe 35 X{' Runyon 3 AD FEZIE &L
TERIROREBE & U THM TN 23D L UT Atypical
acidfast bacilli, Atypical Mycobacteria, Anonymous
Mycobacteria 72 ED#D B L1z, b APEAE2FEFEL
TYSE, &HEOEEZEY 210N TcolzC e, L0
YYRITARICTHRY RFHNTT 1 SO BHEIT/S
Dz EERY,

UL, WES, SEICS O TOEPE I Q0 AIEE
BT I D OBE INIZHBEETIZS 2 P &
b, BWEUH, 21 Timpe B X7 Runyon H33 %
OO TIREE & U TEBINVE D LPREONG &
INTNBESTH A, _

VESE 9 AfT/sb Nicgs 16 EEENEIRSS OIEE
BHFEEE OB OV TOD Y v R Y7 2 BNT, 72

EEhYin vl

(b)

il

o A E 3

Y 7@ Jenkin T L AVXEFFEGHA 1, 360 44 FRIEERIHL
BB 12 DBHED § Dhsg2IT 385 44 (28.3 %) DH X
TOIE Y, FEEEEEELTY %4005 190 4 (14.0
%) EWNH T ETHDT, THUTHL, 4% 9 20D Mi-
tchison (X 0.6 %, 4 %V ¥ D Besta {X 0.5%, #-—
Z v ¥ Paryski |3 2 %, =z=—35v® Hedvall {3
19, #7920 Burke 1X 4 9% T7 V7 OIS 13
Z DEERITHB W TERICEREDN D 5, DHEITNT
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