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The Lord hath created medicines out of the earth; and he that is wise will not abhor

them. Ecclesiastes XXXVIII, 4,

HE HIGHEST SCIENTIFIC AWARD

AND HONOR presented to me today gives

me the opportunity to summarize briefly the

discovery and utilization of streptomyecin for
disease control, notably in the treatment of tubercu-
losis, the “Great White Plague” of man.

HiSTORICAL BACKGROUND

Streptomycin belongs to a group of compounds,
known as antibiotics, which are produced by micro-
organisms and which possess the property of inhibit-
ing the growth of, and even of destroying, other micro-
organisms. Antibiotics vary greatly in their chemieal
nature, mode of action upon different organisms, and
effect upon the animal body. The selective action of
antibiotics upon bacteria and other microorganisms
is known as the antibiotic spectrum. Some antibiotics
are characterized by a very narrow spectrum, whereas
others possess a wide range of activity. Some are
active only against certain bacteria and not against
others, whereas some are active against fungi, and
some against viruses. There is not only considerable
qualitative variation in the activity of different anti-
bioties, but also wide quantitative differences. Anti-
biotics are produced by bacteria, fungi, actinomy-
cetes, and, to a limited extent, by other groups of
microorganisms.

It has been known for more than six decades that
certain fungi and bacteria are capable of producing
chemical substances which have the capacity to inhibit
the growth of, and even to destroy, pathogenic organ-
isms. Only within the last twelve or thirteen years,
however, have antibiotics begun to find extensive ap-
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plication as chemotherapeutic agents. Among these,
penicillin and streptomycin have occupied a promi-
nent place. Penicillin is largely active against gram-
positive bacteria, gram-negative cocci, anaerobic bac-
teria, spirochetes and actinomyeetes; streptomyein is
active against a variety of gram-negative and acid-fast
bacteria, as well as against gram-positive organisms
which have become resistant to penicillin. Neither of
these antibiotics is active upon rickettsiae, viruses,
and fungi. They differ too in their physical and chem-
ical properties and in their toxieity to animals.
Since the discovery of streptomyein, the production
and clinical applieation of this antibiotic have had a
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phenomenal rise. The streptomyecin-producing strain
of Streptomyces griseus was isolated in September,
1&?43, and the first public announcement of the anti-
biotie was made in January, 1944. Before the end of
that year, streptomyecin was already being submitted
to clinical trial. Within 2 years, the practical poten-
tialities of streptomyecin for disease control were defi-
nitely established.

The most spectacular of all the clinical applications
followed recognition that streptomyein was highly
effective against the tuberculosis organism, not only
tn vitro but also in vivo. Several clinical centers under-
took to test the sensitivity of different freshly isolated
siirains of Mycobacterium tuberculosis to streptomy-
cin, its practical evaluation in control of tuberculosis
in experimental animals, and finally its use in the con-
trol of tubereulosis in the human body. Following the
lead of Dr. William H. Feldman and Dr. H. Corwin
Hinshaw at the Mayo Clinie, the American Trudeau
Society and the National Tubereulosis Association
took an active part in these investigations. The first
conference arranged for the evaluation of the clinical
results of the use of streptomyein was held in 1945,
and others soon followed.

Within 3 years after the announcement of the iso-
lation of streptomycin came the almost complete elu-
cidation of its chemistry, its first derivative (dihydro-
streptomyecin) was obtained, and the first thousand
clinical cases were reported. From a laboratory curi-
osity, streptomyecin production soon grew into a large
industry, with a monthly output of more than 25,000
kg in the United States alone, and with many plants
being established abroad for its manufacture.

This marked rise in the development of strepto-
{nycin was due partly to the fact that the spectacular
increase, between 1941 and 1943, in the use of peni-
cillin for disease control suggested the possibility that
there were other antibioties which could be utilized for
the treatment of diseases not sensitive to penieillin.
It was the knowledge of the great abundance and
wide distribution of actinomycetes, which dated back
nearly three decades, and the recognition of the
marked activity of this group of organisms against
other organisms that led me in 1939 to undertake a
systematic study of their ability to produce antibio-
ties. Between 1940 and 1952 we isolated in our labora-
tories 10 different chemieal substances from eultures
of different actinomycetes, beginning with actinomycin
and ending with candicidin. Of these, streptomycin
proved to be by far the most important chemothera-
peutic agent.

PrODUCTION OF ANTIBIOTICS BY ACTINOMYCETES

The isolation of streptomycin was the culminating
point of a painstaking search for antimierobial agents
produced by actinomycetes, a group of organisms
closely related to the bacteria. This was preceded by
long and continuous research, dating back to 1915,
on actinomyecetes, their occurrence and abundance in
nature, their systematic or taxonomie position, their
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role in soil processes, notably in the decomposition
of plant and animal residues and in the formation of
humus, and finally their associative and antagonistie
effects upon bacteria and fungi. It was finally estab-
lished that as much as 20 to 50 per cent of all the
actinomycetes found in the soil and in other natural
substrates had the capacity to inhibit the growth of
other mieroorganisms.

Streptomyces griseus, the organism which ecom-
prised the streptomyecin-produeing strain, was known
in our laboratories from the beginning of our work
on actinomyeetes, although it was not tested at that
time for its antibiotie-producing properties. The abil-
ity of actinomycetes to exert injurious effects upon
bacteria and fungi has been known for many years.
Lieske showed in 1921 that certain strains are able to
bring about lysis of many bacteria and antagonize
their growth. This proeess is selective in nature: some
of the bacteria are affected, and others are not. Other
investigators, notably Gratia and Dath and Rosen-
thal, demonstrated in 19 5 that cultures of organisms
designated Streptothriz, and now known to be actino-
mycetes, are capable of dissolving living and dead
bacterial cells. In 1937 Nakhimovskaia made the first
survey of the oceurrence of antagonistic actinomyecetes
in the soil : 80 cultures were isolated, of which 47 were
able to repress bacterial growth, but only 27 liberated
into the medium substances which had the capacity to
inhibit the growth of gram-positive bacteria, but not
of gram-negative bacteria or fungi.

‘When we began our investigation on the production
of antibiotics by actinomyeetes in 1939, only two,
preparations were known to possess antimierobial
properties. These were not true antibiotics, or at least
were not. recognized as such. One was obtained by
Gratia and had the capacity to lyse dead typhoid ecells
and certain living bacteria; it was later designated by
Welsch as actinomyecetin. The other was believed to be
a lysozyme, which had lytie principles, and was studied
by Krassilnikov and Koreniako in 1939.

The first true antibiotic to be derived from a cul-
ture of an actinomyeces was isolated in our department
in 1940. The organism, Actinomyces antibioticus,
yielded a substance which was designated as aetino-
myein. It was soon crystallized, and its chemieal and
biological properties were established. This antibiotie
proved to be a quinone-like pigment with an approxi-
mate molecular formula of C,,H;;NgO,,. It was highly
active against various gram-positive bacteria but to a
much lesser degree against the gram-negative organ-
isms. Tt proved to be extremely toxie to experimental
animals.

This practical failure was followed by a compre-
hensive program of screening actinomycetes for their
ability to produce different antibiotics. The fact was
revealed that these antibiotics vary greatly in their
chemical nature, toxicity to animals, and antimicrobial
activities. Some, ,were active against bacteria and
actinomyecetes, B/lﬁ;( not against fungi; some were
largely active against certain bacteria, especially the
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gram-positive types, but not, or to only a limited
extent, against the gram-negative forms, whereas
others were active alike against various gram-positive
and gram-negative bacteria. Some had a very narrow
spectrum, being active only, or largely, upon one
group of organisms, such as the mycobacteria, or only
upon certain fungi, such as yeast-like forms, or upon
certain viruses, such as the influenza B types; others
had a much wider spectrum, being active upon both
bagteria and fungi or upon bacteria, rickettsiae, and
thg “larger viruses.

It was further found in our laboratory and in
others that one antibiotic, such as actinomyein and
streptothricin, could be produced by several different
species. Some organisms give rise to different modifi-
cations of the same antibiotic, as actinomyein A, B,
and C. This is true also of streptomyecin, various
modifications of which are produced by different
species of Streptomyces, notably S. griseus, S. bikini-
ensis, and S. griseocermeus (streptomyecin, mannos-
idostreptomyein, hydroxystreptomycin). Some organ-
isms produce a mixture of different antibiotics, as
in the case of different strains of S. griseus, which
give rise not only to streptomyecin, but also to the
antifungal agents cycloheximide and candicidin.

ISOLATION OF STREPTOTHRICIN AND STREPTOMYCIN

The isolation of actinomyein, the first true anti-
biotic from a culture of an actinomyces, pointed a
way to the formation and isolation, from species be-
longing to this group of organisms, of other chemical
substances possessing antimicrobial properties. A new
type of substance, designated streptothricin, was soon
isolated (in 1942). It showed distinet promise as a
chemotherapeutic agent. It was active against both
gram-positive and gram-negative bacteria and ap-
peared to be not very toxic to animals. The organism
producing it was identical with Actinomyces laven-
dulae, a culture found in the soil 25 years previously.
This new substance possessed highly desirable physi-
cal, chemical, and antimicrobial properties and gave
promise of filling the gap left by penicillin in the
treatment of infectious diseases due to gram-negative
bacteria. It was a basic compound soluble in water,
with an optimum activity at a slight alkalinity. It
was active against a number of bacteria, not only in
vitro but also in vivo, as well as against various
fungi. It was resistant to heat and to the action of
different microorganisms and enzymes. A study of its
pharmacology, however, brought out the fact that
streptothricin exerted a residual toxie effect upon the
animal body; its use in the ‘treatment of infectious
diseases was, therefore, limited.

The experience gained in the study of streptothricin
made possible effective planning of a more ecompre-
hensive study of the production of a definite type of
antibiotic by actinomyecetes. Particular attention was
paid to.substances that possessed chemical and bio-
logical properties similar to those of streptothricin
but that would be less toxic to the animal body. The
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method of cultivation of the organism, notably the
use of submerged cultures; the method of isolation of
the active substance, notably its adsorption on char-
coal and its removal with dilute acid; the method of
evaluation of its mierobial properties, notably its
activity against gram-negative bacteria, were now
well understood. It was, of course, desirable that any
new substance possess a spectrum which would be
broader than that of streptothricin, that it be par-
ticularly active against a greater variety of bacteria
which were resistant to penicillin, and, if possible,
that it be active against tuberculosis. (Streptothriein
was later found also to possess this property.) Less
than 6 months after many freshly isolated cultures of
actinomycetes were screened, an organism was ob-
tained which appeared to produce the long-looked-for
antibiotiec.

Since actinomycin was named after the organism
that gave the name to the group of Actinomycetales
(Actinomyces by Harz in 1877), and, since the first
promising antibiotie, streptothricin, was derived from
the first member of this group to be named (Strep-
tothriz by F. Cohn in 1872), it was logical that the
first chemotherapeutically active substance should be
designated by the newly coined generic name of ac-
tinomycetes (Streptomyces by Waksman and Henriei
in 1943). Thus streptomycin was born.

The organism producing streptomyein was identical
with a culture isolated in our laboratory in 1916 and
deseribed at that time as Actinomyces griseus
(changed, according to the 1943 classification, to
Streptomyces griseus). Although numerous additional
cultures of streptomycin-producing strains of S. gri-
seus have since been isolated, one of the 1943 cul-
tures has been utilized for the commercial production
of streptomyein all over the world.

In addition to streptomycin, S. griseus was later
found to produce mannosidostreptomyecin, as well as
certain other antibiotics, such as cycloheximide and
streptocin, Other strains of this organism produce no
antibiotics at all or are able to form other substances,
such as grisein and candicidin.

The medium used for the production of streptomy-
cin contained organic sources of nitrogen and carbon,
mineral salts, and certain growth-promoting sub-
stances. The culture had to be well aerated and incu-
bated at 25-30° C for 3 to 5 days. The activity of
streptomycin reached 100-200 pg/ml; in commercial
production, much higher yields are usually obtained.

Recovery of the streptomyein was accomplished in
a series of operations involving removal of the my-
celium by filtration, adsorption of the streptomyecin

‘on activated earbon or on some other absorbent, elu-

tion by dilute acid, neutralization of the eluate, con-
centration by evaporation and dehydration or by
solvent precipitation, and filtration and drying. Vari-
ous methods have been used for further purification
and crystallization of the antibiotic.

Streptomyecin was found to be soluble in water and
insoluble in organie solvents, such as ether, chloro-
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form, and acetone. The chloride was completely sol-
uble in methanol, less soluble in ethanol, and virtually
insoluble in butyl aleohol, acetic acid, and pyridine.
The sulfate was only slightly soluble in methanol and
virtually insoluble in the other solvents.

A unit of streptomycin was designated as that
amount of material which was just sufficient to in-
hibit the growth of a standard strain of E. coli in
1 ml of culture medium. When streptomyecin was later
isolated in a erystalline state, it was found that 1 unit
was comparable to 1 ug of the pure base. The United
States Food and Drug Administration, in consultation
with the different manufacturers, decided to establish
the potency of streptomyein on the basis of the weight
of the active material.

The activity of streptomyecin against sensmve or-
ganisms was found to be influenced by the presence
of certain chemical compounds. Glucose reduced its
activity appreciably; hydroxylamine, thioglycollate,
and cysteine largel: mactlvated it. This phenomenon
was utilized in testing for sterility -of streptomyecin
preparations or for determining the admixture of
other antibioties. The activity of streptomycin was
found to be influenced but little by body fluids, pus,
or normal tissue juices. The optimum reaction was
pH 8.0; increasing acidity resulted in a decreased
bacteriostatic potency, the greatest reduction taking
place between pH 6.6 and pH 5.9.

CHEMIOAL NATURE OF STREPTOMYCIN

Streptomyecin belongs to the glucosides in which a
dignanido group is linked to a nitrogen-containing
disaccharide-like compound. It is a strong base with
three basie functional groups. The molecular weight
determination on the trihydrochloride in water gave
about 800 for the free base after the necessary cor-
rections for the chloride ion.

Upon hydrolysis, streptomyein splits into two com-
pounds :

CuHyN:0,5 + HLO —> CsHLN, 0, + CyoHNO,

Streptomyein  ° Streptidine  Strepto-
biosamine

On further hydrolys1s w1th strong mineral acids, the
streptobiosamine gives a 6-carbon sugar and glucos-
amine: e
CisHyNO, + H,0 —> CH, 05 + CH ;s NO;

Strepto- Strep- N-Methyl-
biosamine tose 1-glucos-
amine

The basic nitrogen atom in the streptobiosamine is
not present as a primary amino group.

The structure of the streptomyecin molecule is usu-
ally given as in Fig. 2.

ANTIBACTERIAL PROPERTIES OF STREPTOMYCIN

Streptomycin is active against a large number of
bacteria found among the gram-negative, gram-posi-
tive, and acid-fast groups and among the spirochetes;
it has relatively little activity against anaerobic bac-
teria, fungi, protozoa, and viruses. No absolute value

262

H.NCNHCH /CHOH

THCNHL-

HOCH

NH CHOH

oo

CH,NHC

l -—-COH

CH,

HCOH

HOCH

CH
CH.OH

Streptidine Streptose N-Methylglucosamine

Streptobiosamine
Fi1a. 2.

can be given for the sensitivity of an organism to
streptomyein ; this depends not only upon the partic-
ular species, but also upon the strain of the organism
and upon the composition of the medium in which it
is tested. Thus, any given figure for a single organism
is quite arbitrary, sinee such values can vary greatly.

Streptomyein is more active upon bacteria in
young, actively growing cultures than upon bacteria
in older cultures, although this difference does not ap-
pear to be so great as that for penicillin. When added
to a 3-hour-old culture of E. coli, 2 ng of streptomycin
redueed the numbers by 75 per cent, and 5 pg by 95
per cent; the corresponding reductions for 24- to
48-hour-old cultures were 19 and 42 per cent. The
size of the inoculum influences the bacteriostatic con-
centration of streptomycin: for instance, an inocu-
lum of 30,000 cells of Brucella- abortus required 1 ng/
ml for inhibition of growth, whereas an inoculum of
30,000,000 cells required 4 pg/ml. Less streptomyein
was needed to inhibit growth of various strains of
Br. abortus and Br. suis under aerobie conditions than
in the presence of 109 CO,.

Since streptomyein is not active against viruses, it
can be utilized in their isolation and purification from
bacterial infeetions. It is also used in the preservation
of bull semen, in the purification of cultures of T'ri-
chomonas vaginalis and T. foetus, -and in the devel-
opment of media for "the isolation of pathogenic
fungi. Because of its marked antibacterial properties,
streptomyein can be used in preventing wound in-
fections and in surgical operations.

Among the antimicrobial properties of streptomy-
cin, its bacteriostatic and bactericidal action upon
different strains of Mycobacterium tuberculosis is
particularly significant. In a concentration of 0.05
ug/ml, it has been found capable of inhibiting growth
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of the human pathogen to a limited extent; 0.2 ng/ml
inhibits growth to a marked extent; and 0.4 ng/ml
stops growth completely, after an incubation Pime of
16-20 days. In other experiments, streptomyein gave
complete inhibition of growth of M. tuberculosis in
concentrations of 0.3 pg/ml, although oceasional col-
onies occurred even with 0.5 ug/ml. The bactericidal
action of streptomyein also varies with its concentra-
tion, and the length of contact with the organism,
0.3 pg/ml exerting a marked effect in 48 hr, and 20
ug/ml in 6 hr.

RESISTANCE OF BACTERIA TO STREPTOMYCIN

The problem of variation in sensitivity of different
strains of the same organism to streptomycin and the
increasing resistance of the bacteria on prolonged
contact with it are of considerable theoretical and
practical importance. Variation in sensitivity may
differ from day to day. This is believed to be due, at
least in part, to variations in the number of viable or-
ganisms, age and density of the culture, and the par-
ticular species involved.

Freshly isolated cultures of tubercle bacilli from
patients with pulmonary tuberculosis are uniformly
sensitive to streptomyecin. The organism develops re-
sistance to streptomyein in vitro at a rapid rate, and
this resistance persists for a considerable time; it is
not accompanied by any diminution in virulence. In
a growing culture of tubercle bacilli, there was found
to be, however, a decrease in the proportion of strep-
tomyecin-resistant cells with an increase in the age of
the eulture. The principal effects of streptomycin on
the morphology of the organism were a loss of acid-
fastness, an increase in granulation, and, in highly
bacteriostatic concentrations, a shortening of the rods.

Successive transfers of bacteria commonly oceur-
ring in infections of the urinary tract resulted in an
increase in resistance to more than 1000 pg/ml of
streptomyein. After 29 subsequent daily transfers on
common media, the bacteria lost none of their resist-
ance. It was suggested, therefore, that streptomyecin-
fastness may be a major factor in the failure of strep-
tomyein therapy in certain infections. When the
disease condition presents physical barriers to the
penetration of the streptomycin, as in abscesses and
pyelonephritis, the organisms are exposed to sublethal
concentrations, thus resulting in increased resistance.
In infections with Aerobacter cloacae, an increase of

more than 1000 times was obtained after 36 days of
treatment.

STREPTOMYCIN IN EXPERIMENTAL INFECTIONS

Streptomyecin proved highly effective in the treat-
ment of a large number of infectious diseases brought
about in experimental animals by various bacteria.
This was true of Salmomnella schottmiilleri, Shigella
gallinarum, Brucella abortus, Pseudomonas aerugi-
nosa, Klebsiella or Friedlinder’s bacillus, Diplococcus
pneumoniae, and a number of organisms commonly
found in urinary traect infections.
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Subcutaneous doses of 100-200 pg of streptomyein
were sufficient to protect mice against lethal infec-
tions with 8. schottmiilleri. Oral doses of about 3 mg
were required to protect mice infected by the intra-
peritoneal injection of 10 lethal doses. After oral ad-
ministration, streptomyecin remained in the intestinal
tract and gave very low blood concentrations. Recov-
ery of streptomyecin from the urine of the animals
rz.mged from 70 to 80 per cent when streptomycin was
given parenterally but was less than 10 per cent when
given orally.

The effectiveness of streptomyecin against tularemia,
caused by Pasteurella tularensis, has been most strik-
ing. Complete protection was also obtained in experi-
mental infections due to Proteus vulgaris: in chick
embryos, 1000 ug of streptomycin were required to
arrest 18-hr infections; to protect 50 per. cent of the
embryos, 250 pg in a single dose or 150 ug in three
daily doses were required. Excellent protection was
obtained by the use of 150 ug of streptomyein against
fowl typhoid caused by Sh. gallinarum in 11-day-old
chick embryos.

Streptomyein was also found to have a marked ef-
fect upon experimental plague, Pasteurella pestis be-
ing inhibited by 1 ug/ml. A series of mice infected
with the organism were treated with 400 ug of strep-
tomyein daily, beginning 2 days after inoculation
and continuing for 6 days. Nine of the 10 mice sur-
vived 14 days, as compared with the survival of 4
out of 11 for sulfadiazine-treated mice and 1 out of
9 for the controls. Experimental infections caused by
Diplococcus pneumoniae’ and Staphylococcus aureus
were readily controlled when adequate doses of strep-
tomyein were employed.

Of particular importance was pioneering work
done by Feldman and Hinshaw on the effectiveness of
streptomyein in experimental tuberculosis in guinea
pigs. On the basis of an arbitrarily established index
of infection, microscopically determined, 100 repre-
sented the maximum possible amount of tuberculosis.
The control animals, sacrificed after 61 days, exhib-
ited an ‘index of 67 as contrasted to 5.8 for those
which had received streptomycin. In another experi-
ment, the corresponding values were 81.9 for the un-
treated and 2.8 for the treated animals. The daily ad-
ministration of streptomycin per guinea pig varied
from 1387 to 6000 ug. Two different strains of the
human tubercle bacillus were equally sensitive to
streptomyecin. M. tuberculosis was recovered from the
spleen of only one of the guinea pigs treated with
streptomyein, the animal having received 1387 ug of
streptomycin daily for 54 days.

The conclusion was reached that streptomyecin is
the most effective tuberculo-chemotherapeutic agent
so far studied. Its relatively low toxicity for guinea
pigs, its high efficacy in resolving and suppressing
what would otherwise be lethal tuberculosis, estab-
lished streptomycin as a drug worthy of serious con-
sideration for the treatment of tuberculosis.
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TOXICITY OF STREPTOMYCIN

To produce toxic manifestations of streptomyecin
in animals, it was necessary to administer either ex-
traordinarily large doses of the pure material or
smaller amounts of certain impure preparations. No
correlation was obtained between the acute toxicity
of different lots to experimental animals and clinical
tolerance by human beings. The behavior of the ma-
terial in man could not, therefore, be foretold if anti-
bacterial potency alone was assumed to be the eri-
terion of purity; highly concentrated material had on
occasion been unsatisfactory clinieally, whereas con-
siderably less active preparations had often produced
no undesirable effects.

Among the various toxic reactions resulting from
the administration of streptomyecin, the otic ecompli-
cations received particular attention. In one experi-
ment, 81 patients treated with streptomycin were ex-
amined for evidence of aural toxicity. Two months
after cessation of therapy, 3 of these patients showed
an absence of vestibular response. During the third
month after therapy, 1 of these 3 showed increasing
recovery of response. All three complained sponta-
neously of dizziness, which decreased steadily during
treatment. One patient showed a high tone loss, but
the audiogram was normal in these three patients. An-
other patient showed a severe loss of hearing 2 weeks
after treatment; 2 weeks later he had shown decided
improvement in hearing; he had a normal vestibular
response throughout. It was not certain that the low
tone and high tone losses were due to streptomyein.

DisEASES RESPONDING TO STREPTOMYCIN

A variety of human and animal diseases caused by
various bacteria respond readily to streptomyecin
treatment. This was brought out in the first compre-
hensive study of a group of diseases which could be
considered to be definitely controlled by streptomyein
or to give promise that they would respond favorably.
These included tulerameia, urinary tract infections,

especially those resistant to sulfa drugs a%g&@il‘—;
cillin, Klebsiella and Hemophilus infections, baectere-

mia due to penicillin-resistant organisms, various
forms of meningitis, and whooping cough. Strepto-
myecin was also found helpful in treatment of a vari-
ety of other diseases, such as leprosy, brucellosis, cer-
tain forms of tuberculosis, and probably also bacillary
dysentery, cholera, and bubonic plague.

The Committee on Chemotherapy, originally or-
ganized by the Committee on Medical Research of the
OSRD, undertook the supervision and coordination
of the first large-scale series of investigations of the
use of streptomyein in the treatment of bacterial in-
fections. The various infectious diseases have been
divided, in their relation to streptomycin, as follows:

DiSEASES DEFINITELY INDICATED FOR
STREPTOMYCIN TREATMENT

1. All cases of tularemia.
2. All cases of H. influenzae infections:
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Meningitis
Endocarditis
Larynogotracheitis
Urinary tract infections
Pulmonary infections
3. All cases of meningitis due to:
E. coli
Pr. vulgaris
K. pneumoniae
B. lactis-aerogenes
Ps. aeruginosa
8. paratyphi
4. All cases of bacteremia due to gram-negative
organisms:
E. coli
Pr. vulgaris
A. aerogenes
Ps. aeruginosa
K. pneumoniae
5. Urinary tract infections due to:
E. coli
Pr. vulgaris
K. pneumoniae
B. lactis-aerogenes
H. influenzae
Ps. aeruginosa

STREPTOMYCIN FOUND TO BE A HELPFUL AGENT BUT
PosITION NOT YET DEFINITELY DEFINED

. Peritonitis due to gram-negative bacilli.

B. Friedlinder’s pneumonia.

Liver abscesses due to gram-negative bacilli.

. Cholangitis due to gram-negative baeilli.

. Penicillin-resistant but streptomycin-sensitive
organisms infecting heart valves.

. Tuberculosis.

. Chronic pulmonary infections due to mixed gram-
negative flora. :

8. Empyema due to gram-negative infections.

b =2

The Committee evaluated the first thousand cases
treated with streptomycin. In 409 urinary tract in-
fections, the general recovery rate was 42 per cent.
Of 100 H. influenzae meningitis infections, recovery
was obtained in 79 per cent; in 17 of the fatal cases,
treatment was foo late to be effective. In 14 cases of
meningitis caused by other gram-negative organisms,
only 4 patients died. In 91 bacteremia cases, 49 pa-
tients recovered, 12 improved, 4 showed no response,
and 26 died; in this group as well, the fatal cases
were treated too late. Striking results were obtained
in tularemia (63 recoveries out of 67 cases) and in
otitis media (7 immediate recoveries out of 8 cases).
In 44 cases of pulmonary infections, recovery or im-
provement was obtained in 61 per cent. Streptomycin
was extremely effective against acute Friedlinder ba-
cillus infections.

In the evaluation of streptomycin in tuberculosis,
75 cases were used. These included miliary, meningeal,
larynx, skin, and renal tract forms. It was recom-
mended that a minimum period of treatment should be
3-6 months, with daily doses of 1.5 to 3.0 g. Hinshaw,
Feldman, and Pfuetze, on the basis of treatment of
100 tuberculosis cases, came to the rather optimistic
conclusion that streptomyein was an antibacterial
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agent which possesses the unique ability to inhibit
the growth of M. tuberculosis both experimentally and
clinically. It was recommended that treatment of tu-
berculosis consist of large doses of streptomycin for
prolonged periods.

_ Various forms of tuberculosis were soon found to
respond promptly to streptomycin. These included
uleerating tuberculous lesions of the larynx, hypo-
pharynx, and the tracheobronchial tree, which re-
ceived combined intramuscular and aerosol treatment.
Some types of extrapulmonary tuberculosis also re-
sponded well, especially chronie, long-standing drain-
ing sinus tracts, which usually closed within a few
weeks. These remained closed only if treatment was
continued for several weeks after superficial healing.
Encouraging results were also obtained in treatment
of tuberculosis of bones and joints. Some patients
with early tuberculous meningitis responded promptly
to adequate intramuscular and intrathecal adminis-
tration, but frequently these gains were not perma-
nently sustained; temporary clinical remission was
frequently realized after streptomycin treatment of
early but acute and severe tuberculous meningitis;
consciousness could be regained, sometimes within a
few days, fever would decline within a few weeks,
the patient appearing normal for several months;
subsequent exacerbations of the diseases were likely
to oceur and were not likely to respond to treatment..

Disseminated hematogenous tuberculosis of the mil-
iary type heretofore did not respond to treatment,
spontaneous recoveries being extremely rare. By the
use of streptomyein, it was possible to bring about a
complete clinical and roentgenologic remission. Tu-
berculosis of the alimentary tract and tuberculous
peritonitis also showed striking symptomatic im-
provement.

The rapid progress made in the use of streptomycin
in tuberculosis was well described by Walker, Hin-
shaw, and Barnwall: “The introduction of strepto-
myecin into clinical medicine has been peculiarly ex-
citing to phthisiologists. Not only have they never
had an ‘antibiotic’ which was helpful in the treatment
of tuberculosis in man, they have never had a proved
effective drug of any sort. So far as chemotherapy is
concerned, not only was their situation comparable to
that of the syphilologist prior to the discovery of
penicillin, it was worse than his position before the
appearance of Ehrlich and arsenie. Phthisiologists
have been dependent on rest in bed, and, more re-
cently, on collapse therapy. The relatively rapid eval-
uation of a new drug—rapid for tuberculosis if not
for pneumococeic pneumonia—is partly the result of
experience gained from the investigation of other
drugs in other diseases. It is partly a result of the
employment, here and in England, of cooperative
methods of investigation which have yielded data,
reasonably uniform, rapidly, and in large amount.”

I need hardly survey the subsequent developments
in the use of streptomyecin for the different infectious
diseases, especially tuberculosis. I need hardly dwell
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upon the various regimens for treatment, based on -
special dosages and modes of administration, and the
use of streptomycin in combination with p-amino-
salicylic acid (PAS). I need not list the numerous
antibiotics that have been isolated from cultures of
actinomyeetes, some in our own laboratories, such as
neomycin, and some in numerous other laboratories
throughout the world. Suffice to say that streptomyecin
pointed the way, both through the planned screening
programs and through its specific activity against the
gram-negative bacteria and tubereulosis, to many of
these antibiotics. The rest is history. Medical science
and clinical practice have been revolutionized..One
may look forward to further discoveries of agents
that will combat diseases not now subjeet to therapy,
to more active and less toxic agents than those now
available, and to combined therapy of several anti-
biotics or of antibiotics and synthetic compounds
which will prove more effective than the use of single
substances. '

The discovery of streptomycin as a product of a
rather obscure group of microorganisms, the actino-
mycetes, led to the study of these organisms as poten-
tial producers of other chemotherapeutic substances.
After streptomyecin, there came in rapid succession
chloramphenicol, aureomycin, neomycin, terramyein,
and, more recently, erythromyecin and others. These
antibiotics have found extensive application as
chemotherapeutic agents in the treatment of numer-
ous infectious diseases never before subjected to
therapy. 4

In the treatment of tuberculosis, the more con-
trolled dosage of streptomycin and the supplementary
use of PAS tended to overcome some of the limita-
tions of the antibiotic, notably its toxicity and the
development of bacterial resistance. The recent intro-
duction of isonicotinic acid hydrazide suggests the
possibility that its use in combination with streptomy-
cin will tend further to control the disease and over-
come undesirable complications. The econquest of the
“Great White Plague,” undreamt of less than 10
years ago, is now virtually within sight.
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Nezws and Notes

National Conference on Weights
and Measures

ATTENDANCE at the Thirty-Eighth National Con-
ference of Weights and Measures, May 19-22, 1953,
exceeded that of all such previous meetings, both in
total number of delegates and number of states repre-
sented. The 430 delegates represented many cities and
counties, the federal government, manufacturers, rail-
roads, business, industry, and trade associations, in
addition to 39 states and the Distriet of Columbia.

The Conference, sponsored by the National Bureau
of Standards, met in Washington, D. C. The function
of the Bureau in the field of standardizations of
weights and measures and their administration is ad-
visory only. The federal government has no regula-
tory authority in this field, which is entirely the re-
sponsibility of state and local governments.

Actions by the Conference are recommended to the
states for official promulgation. The Thirty-Eighth
National Conference adopted a Model Regulation on
Package Marking Requirements, patterned after the
Federal Food, Drug, and Cosmetic Act, as well as
recommended methods of sale of anhydrous ammonia
and other liquid chemical fertilizers with pressure
characteristics; preheated fuel oils; peat moss in
package form; rope; seeds (agricultural, horticul-
tural, floricultural); and pickles and pickle products
in package form.

A tentative code for farm milk tanks offered by
the Conference Committee on Specifications and Tol-
erances was adopted, as were minor amendments to
the scale code.

These codes and amendments are incorporated into -

National Bureau of Standards Handbook 44, Specifi-
cations, Tolerances, and Regulations for Commercial
Weighing and Measuring Devices, and are recom-
mended by NBS for official adoption by the states.
During the Conference it was announced that 26
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states had officially adopted the Handbook 44 codes
and that many other states are applying the provi-
sions of the codes in their enforcement procedures.

The Conference unanimously adopted a resolution
of appreciation to and confidence in its president,
Dr. A. V. Astin, National Bureau of Standards Di-
rector. Another resolution expressed appreciation of
the Bureau’s services and sponsorship of the Con-
ference.

Dr. Astin was re-elected President of the Confer-
ence. Six vice-presidents were elected: G. F. Austin,
Jr. (Detroit, Michigan) ; J. E. Boyle (Maine); F. M.
Green (Connecticut); J. R. Jones (South Carolina);
J. W. Reese (Iowa); and A. C. Samenfink (Roch-
ester, New York). W. S. Bussey (NBS Office of
Weights and Measures) was re-elected Secretary, and
J. P. McBride (Massachusetts) was elected Treasurer.

Scientists in the News

Postmaster General Summerfield on August 13 can-
celled his fraud order against the battery additive
AD-X2. On the following day Secretary of Commerce
Weeks reinstated Allen V. Astin as Director of the
National Bureau of Standards. Dr. Astin’s suspension
in April was based on the Bureau’s report on AD-X2.
The committees appointed by Secretary Weeks to pro-
vide guidance on the organization of the NBS and on
the effective character of AD-X2 have not as yet sub-
mitted their reports. These have been promised for
public release.

Samuel L. Meyer, Executive Director of the Amer-
ican Institute of Biological Sciences and Executive
Secretary of the Division of Biology and Agriculture
of the National Research Council since September 1,
1952, returned at the termination of his year’s leave
of absence to Florida State University, Tallahassee,
where he is Professor and Head of the Department
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