
Bull. Org. mond. Sante i
Bull. World Hlth Org. 1952, 6, 173-183

SOME ASPECTS OF MICROBIAL RESISTANCE
TO STREPTOMYCIN

Professeur MAURICE WELSCH, M. S., M.D.
Agrege de l'Enseignement Superieur

Directeur, Laboratoire de Microbiologie generale et medicale,
Universite de Liege et Centre de Recherches pour la Penicilline

et les autres Antibiotiques

The problem of drug-fastness is not only very important from a
practical point of view, but is also fascinating from the purely scientific
or academic standpoint.

In medical practice, the problems of drug-fastness at first remained
limited to protozoan diseases and syphilis, the only cases in which chemo-
therapy was used on a large scale. Later on, however, with the advent
of sulfonamides and then of antibiotics, problems of drug-fastness became
of major interest to the clinician.

There is possibly no drug with which resistant strains emerge more
frequently than streptomycin. In fact, the emergence of resistance during
any prolonged use of this substance appears to be unavoidable; and this
is probably the most serious disadvantage of a drug which otherwise is
the most active weapon against tuberculosis.

The mechanism of drug-fastness may be explained by two main hypo-
theses, which may conveniently be called the mutation theory and the
adaptation theory.

In the mutationist's view, the appearance of resistant cultures is attri-
buted to the heterogeneous nature of the microbial population. Among
the large number of individual cells making up a culture, or infecting
an animal or man, a few are believed to be more resistant than the rest
to streptomycin. When introduced into a medium containing a certain
amount of the drug, the more resistant cells are in a better position to
grow profusely; they are therefore automatically selected, and each of
them becomes the starting-point of a resistant race or clone. After a
variable number of transfers in a drug-containing medium, especially if
the concentration of the drug is progressively increased, a highly resistant
culture can generally be obtained. The resistant cells, at the origin of the
selection process, possess the drug-fastness as a hereditary stable property;
they are therefore frequently considered, according to Demerec,' as mutant
cells.

In some cases, mutation to a very high degree of drug-fastness occurs
suddenly, in a single step; more often, however, the mutation is character-
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ized by only a slight increase of resistance. Among the population of
slightly resistant cells derived from this first mutant, however, a few
second-step mutants arise, endowed with a still higher degree of resistance,
and so on. The process repeats itself through successive mutational steps;
cells showing greater and greater resistance are selected at each stage
by the drug itself, and so a highly resistant race is finally built up.

The adaptationists, on the other hand, observe rightly that demonstra-
tion of drug-resistance cannot be achieved without culturing the micro-
organisms in the presence of the drug. Thus the possibility of a direct
action of the drug on the emergence of resistant cells cannot be discarded
a priori. Accordingly, they claim that micro-organisms, grown in a sub-
lethal concentration of a drug, are capable of altering their enzymatic
equipment or their metabolic pathways, so that they become progressively
more and more resistant (Hinshelwood 2). The drug is not merely a
selecting agent, picking up cells which are already resistant before any
contact with it; on the contrary, it induces the transformation of sensitive
cells into resistant ones, before selecting the latter.

In fact, when reviewing the literature, the relative appeal of each theory
fluctuates according to which example is chosen, and more especially
which toxic agent is under consideration.

It is very probable that either mechanism may be responsible in some
cases, but is perhaps even more likely that both mechanisms frequently
play a part simultaneously. Both theories have undoubted advantages.
Thus, microbial populations, like all others, are certainly heterogeneous
in some degree. On the other hand, to a certain extent, adaptability to
abnormal, or merely unusual, conditions is a well-known property of
every type of living organism.

If it is assumed that all cells of a microbial population are exactly
alike, it should follow that they are all capable of adapting themselves
to the same extent to new, inimical conditions; this is obviously not the
case. One must admit, even if adaptation is taken to be the main factor,
that the original material is heterogeneous, and that some cells are more
likely than others to undergo successful adaptation. In other words,
if some of the cells are not resistant before contact with the drug, they
are at least potentially so, on account of some difference in their chemical
make-up, permeability, enzymatic equipment, or the like.

Is the heterogeneous nature of microbial populations a result of muta-
tion ? A mutational origin may well be assumed when a few cells, much
more resistant than others, are discovered in a single step; but, when cells
with all degrees of resistance are found side by side, they may well reflect
nothing more than the usual fluctuations of gaussian distribution. It may
be stretching the theory a bit too far when a series of mutations, each
adding its effects to the previous one, must be postulated. In addition,
as pointed out by van Loghem,10 great care must be taken to avoid the
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indiscriminate use of words which have a specific meaning in classical
genetics, to express facts as yet little understood.

Our own- work on the streptomycin-resistance of various micro-
organisms shows that the heterogeneous nature of microbial populations
is a very important factor.26 As the mutational origin of the resistant
cells has not yet been satisfactorily demonstrated, at least to our mind,
the term "mutant " should be avoided and the non-committal word
"variant" used in its stead.

Experimental

Demonstration of resistance
Staphvlococcus aureus is introduced, in numbers varying from a few

hundred to several hundred million, into nutrient agar containing anything
between 0.05 and 1,000 ,g/ml of streptomycin. After suitable incubation,
colonies are enumerated; a picture of the distribution of streptomycin-
sensitivity among the individual cells of the original population is thus
easily obtained. It is then found that, up to some giVen concentration
of antibiotic, known as the minimal inhibiting concentration (m.i.c.)
and approximately equal to 0.2 ,ug/ml, the number of viable cells is equal
to that in the control without antibiotic. In agar containing streptomycin
in higher concentration, the number of viable cells decreases rapidly, until
a critical concentration (c.c.) of antibiotic (approximately equal to 10 ,ug/ml)
is reached. Beyond this point and up to 500 or 1,000 ,ug/ml, the propor-
tion of viable cells then remains constant and very small, being of the order
of 1 per 108 inoculated cells.19

This means that a staphylococcal population is highly heterogeneous,
as far as streptomycin-resistance is concerned. A very large majority of
cells tolerates only a small amount of antibiotic; progressively diminishing
groups of cells, able to grow in media containing progressively increasing
concentrations of the drug. are found, until a limit is reached at which a
very small minority of cells is able to multiply, even though the strepto-
mycin concentration becomes very high. This last type is the most easily
studied, since the cells can be enumerated without overlapping with other
types by using a medium sufficiently rich in antibiotic. We call them
"totally " resistant cells.

The same type of distribution was found in other microbial populations
for instance, Micrococcus lysodeikticus and Sarcina lutea,28' 32 Bacillus
megatherium,30 Pseudomonas aeruginosa,25 31 and several Corynebacteriaceae
and Enterobacteriaceae.

Subculture of resistant colonies
(a) Subinhibitory concentrations. Colonies picked up from plates

containing streptomycin at a concentration below the m.i.c. are planted
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in normal or streptomycin-containing broth. They generally grow in
normal broth and in the presence of streptomycin, up to a concentration
equal to the m.i.c. Colonies picked up from plates containing streptomycin
at a concentration between the m.i.c. and the c.c. generally grow in normal
broth and in the presence of streptomycin up to a concentration equal
to, or slightly above, that prevailing in the plate from which they were taken.
The population resulting from the growth in normal broth of these two
types of colonies can, in turn, be studied for the distribution of strepto-
mycin-resistance among its individual cells. This distribution is found
to resemble closely that of the parent culture, although the frequency
curve is sometimes displaced towards the higher concentrations of anti-
biotic, especially when the inoculum is taken from plates richer in antibiotic.

It may be concluded that populations derived from moderately resistant
organisms or from sensitive organisms, grown in subinhibitory doses of
streptomycin, are heterogeneous: they contain cells both more and less
resistant than the parent micro-organism, which grew into a colony on
the initial agar-plate. Such behaviour seems to be consistent with the
assumption that such cells merely fluctuate from the norm.

(b) Higher concentrations. Colonies picked up from plates richer in
streptomycin-in other words, colonies derived from totally resistant
micro-organisms-are able to grow in normal broth and in streptomycin-
containing broth up to very high concentrations, much higher than the
one prevailing in the initial plate. The population derived from these
colonies, after subculture in normal broth, is entirely made up of highly
resistant cells and appears very homogeneous by comparison with the
normal population. Of course, it should be borne in mind that the
detection of a few sensitive cells in a resistant population is by no means
as easy a matter as detecting a few resistant micro-organisms in a sensitive
population.'7

Totally resistant colonies thus give subcultures of totally resistant
cells; this property is indefinitely maintained after many transfers in
streptomycin-free culture medium.

The immediate formation of a very few colonies from a large inoculum
in a highly concentrated streptomycin-agar is difficult to explain, unless
one admits that such an inoculum contains a few individuals which are
either streptomycin-fast or at least potentially so-at all events very
different, in some unknown respect, from the others.

Discussion

Objections were raised, however, against this kind of experiment, first
used by Klein & Kimmelman.3 4, 5, 6 It was suggested that the activity
of streptomycin is depressed when so many bacteria are introduced
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together into the medium. Thus the streptomycin titre of the agar would,
in fact, be lower than it is believed to be. In such conditions a few cells,
slightly more resistant than the others, within the limits of normal fluctua-
tion, would be able to start growing and, in so doing, would adapt them-
selves and become the starting-point of a resistant clone.

This objection may, however, be answered. The adsorption of strepto-
mycin upon the bacterial cells is a well-known fact; but little adsorption
takes place unless bacterial suspensions in distilled water are used. In
electrolyte-containing culture media, adsorption remains negligible and,
in fact, is generally very difficult to demonstrate. Also, the addition of
heat-killed bacteria, in large or very large numbers, does not modify the
results of streptomycin-titration, although heat-killed bacteria adsorb the
antibiotic almost as well as live bacteria.'7

It could be argued, however, that thermolabile substances might diffuse
from the bacterial cells and either interfere directly with streptomycin
or afford protection against the antibiotic to a few privileged cells. This
would, of course, raise the question: why should the existence of such
exceptional cells among their uniform fellows be assumed at all ? It has,
however, been shown 29 that a given inoculum produces exactly the same
number of colonies in a streptomycin-agar of a given concentration,
whether it contains the autolysate from several million homologous cells
or not.

An experiment was conducted in which a heavy staphylococcal sus-
pension was divided into two equal parts. One part was introduced in
a single streptomycin-agar plate; the other was distributed among 100
such plates. The number of totally resistant colonies obtained in each
case was equal, within experimental limits of error.'7

It can safely be concluded that a large inoculum does not directly
interfere with the activity of streptomycin.

As a matter of fact, the distribution of streptomycin-sensitivities in a
microbial population explains the differences of titre generally obtained
by the dilution method, when inocula of different sizes are used.

In particular, it is found that, when the inoculum is of such a size
that it is likely to contain at least one totally resistant micro-organism,
erratic positive cultures can be found, here or there, in the dilution series.
These positive cultures are distributed haphazard and may just as well
appear in a 500 ,ug/ml broth as in a 20 p,g/ml broth.'9

What is the significance of the totally (or potentially totally) resistant
cells found in normal cultures ? A widely-held opinion, at present, is that
such cells are mutants. Luria & Delbriick 11 devised a well-known statis-
tical method to test this hypothesis.

Applied to the totally resistant cells of our strain of S. aureus, Luria
& Delbriick's test gave negative results. A large number of normal cultures
has now been analysed; the proportion of totally resistant individuals

12
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among them appears to be very constant.22' 3 Similar results have been
recorded with a number of different bacterial species.a

Does this mean that the mutation hypothesis must be discarded in this
case ? We do not believe so, because the postulate which supports the
theory of the fluctuation test, namely that resistant and sensitive cells
grow equally well, does not hold in the case of totally resistant organisms.

Pure cultures of totally resistant organisms grow just as quickly and
just as well as normal cultures. The picture is very different, however,
when totally resistant and sensitive bacteria are cultivated together.18

Artificial mixtures of totally resistant cells and normal (i.e., sensitive)
cells are incubated and repeatedly transferred into streptomycin-free broth.
From time to time, samples are withdrawn and plated into streptomycin-
agar, to measure the distribution of individual sensitivities. It is thus found
that, even though resistant cells are initially in much larger proportion,
their number quickly falls, the speed of diminution increasing as the size
of the inoculum used for serial subcultivation decreases. After a sufficient
number of transfers through normal broth, the proportion of totally
resistant cells falls to the level spontaneously occurring in populations of
normal cells.2' Let us emphasize again that pure cultures of totally resistant
cells, after repeated transfers into streptomycin-free broth, are still entirely
made up of resistant cells.

It appears that a state of biological equilibrium between normal cells
and totally resistant cells prevails in staphylococcal populations. This
explains the constancy of the proportion of totally resistant cells and the
tendency of unbalanced artificial mixtures to regain the equilibrium stage.
It has so far proved impossible to ascertain the mechanism responsible for
the maintenance of such an equilibrium by any direct method-for example,
by demonstrating an antagonistic action of a normal against a resistant
culture; no evidence of a nutritive deficiency could be found in the resistant
organisms, and no direct transformation of resistant cells into sensitive
ones could be induced by cultivating them in the presence of either autoly-
sates or nucleic acids extracted from normal cultures.

It was observed, however, that the addition of streptomycin to the
culture-medium is enough to disturb the normal equilibrium.20 4 This
action of streptomycin is found with very small concentrations, even with
so-called subinhibitory concentrations which, our analysis indicates, allow
the free growth of a substantial part of the normal population and are
therefore far too low to exert a specific selection of the totally resistant
cells. In such low concentrations of antibiotic, however, the proportion
of totally resistant cells becomes much higher than in antibiotic-free broth.
It may be that more totally-resistant cells stem out at each generation, or

a It shou!d be emphasized that, under the conditions of culture used, our strain of S. aureus does
not form heavy aggregates of cells; diplococci and tetrads are by far the most numerous.
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that the multiplication of these cells, somewhat checked in normal broth
by the presence of the sensitive population, becomes freer in the presence
of streptomycin. Preliminary results, which need confirmation, indicate
that a state of equilibrium between totally resistant cells and the rest of the
population obtains in each condition, but is quantitatively different for
each concentration of antibiotic tested.

The decrease in the number of resistant cells in artificial mixtures is not
peculiar to S. aureus. *The same phenomenon was observed later by Linz
and his co-workers 7, 8, 9 with several other species.

The distribution of sensitivities to actinomycin 12, 13 and chloram-
phenicol 14 of S. aureus was studied by Malchair in our laboratory. It is
quite different from the streptomycin pattern. The range of concentration
allowing the formation of colonies is much narrower; totally resistant
cells do not occur. After a period of subculturing, cultures of increasing
resistance can be obtained. Analysis of their population shows a distri-
butional pattern quite similar to that of the parent-culture, but displaced
to a greater or lesser degree towards the highest concentrations. Cells
endowed with very much higher resistance than most of the accompanying
population are never found.

The peculiarities of the pattern of streptomycin-resistance are probably
associated with the phenomenon of streptomycin-dependence, first described
by Miller & Bonhoff15' 16 and frequently observed since. Both indicate
the probability that streptomycin is, structurally or functionally, more
closely related to some as yet unknown essential metabolite than other
antibiotics.

Conclusions

Our investigations suggest that streptomycin-resistance should be studied
at the level of the individual cell and not at the level of the culture. Bacterial
populations are very heterogeneous in respect of the degree of streptomycin-
resistance of their individual components. The range of concentrations
within which streptomycin-resistance fluctuates is greater than with other
antibiotics; a small number of highly, or totally, resistant cells is always
present.

Resistant cells may not exist as such in a normal population; but it
must at least be admitted that different cells have widely different capacities
for becoming quickly resistant when in the presence of the drug. The origin
of heterogeneity is, in part, the result of common fluctuation of a gaussian
type, but the totally resistant organisms might well be mutants, although
definite proof of the fact is lacking.
A state of biological equilibrium prevails between cells of varying

degrees of resistance; streptomycin, even in small quantity, tips the scale
in favour of the most resistant individuals.
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The practical conclusion is that protracted use of streptomycin un-
avoidably produces resistance, unless it can be associated with some other
substance, capable ofchecking for a while the multiplication of streptomycin-
resistant clones.27

It seems possible, also, that too large a dosage of streptomycin may
well facilitate the rapid emergence of a very high degree of resistance
following the breakdown of equilibrium between more-sensitive and
more-resistant cells.

SUMMARY RItSUM1t

Prolonged therapy with streptomycin
almost inevitably results in the emergence
of a bacterial resistance to this antibiotic.
Various theories postulating mutation or
adaptation have been put forward to
account for this phenomenon.

The author has undertaken an experi-
mental study of the resistance of Staphylo-
coccus aureus to doses of between 0.05 and
1,000 ,ug/ml of streptomycin. The mini-
mumn inhibitory concentration (m.i.c.) is
about 0.2 ,ug/ml. From this level up to
10 ,tg/ml (critical concentration) the num-
ber of viable cells gradually diminishes.
Beyond this, and up to 500 or 1,000 ,tg/ml,
the proportion of viable cells remains small
and constant, being of the order of 1 per
108 inoculated cells. These facts indicate
the heterogeneity of staphylococcus popu-
lations, so far as streptomycin-resistance
is concerned. Similar observations have
been made on other micro-organisms.

Cultures grown on media containing
streptomycin in quantities lower than, or
equal to, the m.i.c. and then recultured
in normal broth show a heterogeneity
comparable to that of the parent-culture;
they contain cells both more- and less-
resistant than the original micro-organism.
On the other hand, the rare cells which
grow in the presence of a high concentra-
tion of streptomycin produce colonies
which are completely resistant and which
remain so throughout numerous sub-
cultures on mnedia containing no antibiotic.

La resistance des bacteries a la strepto-
mycine parait etre la consequence quasi
inevitable de l'usage therapeutique pro-
longe de cette substance. Diverses theories
ont tente d'expliquer, par mutation ou
adaptation, l'acquisition de la resistance
par les souches bacteriennes.

L'auteur a entrepris une etude experi-
mentale de la resistance de Staphylococcus
aureus en pr6sence de doses de strepto-
mycine allant de 0,05 a 1.000 ,ug/ml. La
concentration inhibitrice minimum est
d'environ 0,2 /tgfml. A partir de cette
concentration, et jusqu'a 10 ,ug/ml (con-
centration critique), le nombre des cellules
viables diminue graduellement. Au delA,
et jusqu'A 500 ou 1.000 jig/ml, la propor-
tion des cellules viables reste faible et
constante; elle est de l'ordre de 1 pour
108 cellules ensemencees. Ces faits r6v0lent
l'het6rogeneit6 des populations de staphy-
locoques en ce qui concerne la resistance
a la streptomycine. Les memes observa-
tions ont ete faites pour d'autres micro-
organismes.

Les cultures developpees sur milieu conte-
nant des quantites de streptomycine inf&
rieures ou egales A la concentration inhibi-
trice minimum montrent, lorsqu'elles sont
repiquees sur bouillon sans antibiotique,
une heterog6n6it6 comparable A celle de
la souche m6re: elles contiennent des
cellules moins resistantes et des cellules
plus resistantes que la cellule originelle.
En revanche, les rares cellules qui se sont
d6veloppees en presence d'une concen-
tration elevee de streptomycine donnent
des colonies qui sont toutes resistantes et
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They are homogeneous compared with the
cells of a normal bacterial population.

Experiments on these lines have been
criticized; it has been suggested that
massive inoculation attenuates the activity
of the streptomycin. The author replies
to these objections, pointing out that
while the adsorption of streptomycin upon
bacterial cells is a well-known fact, in
media containing electrolytes such adsorp-
tion remains negligible. It has been demon-
strated elsewhere that the addition to the
medium of heat-killed bacteria, which
adsorb this substance almost as well as
live bacteria, does not modify the results
of streptomycin-titration.
At present, totally resistant cells are

widely held to be mutants. Luria &
Delbriick have developed a statistical
method for establishing the validity of
this hypothesis. Their fluctuation test has
given negative results with S. aureus.
Analysis of a considerable number of
normal cultures of this micrococcus has
shown that the proportion of totally resis-
tant cells is remarkably constant-a fact
which has also been observed in other
bacterial species.

Pure cultures of totally resistant organ-
isms grow as well and as quickly as normal
cultures. When totally resistant- cultures
are mixed with normal-that is to say,
sensitive-bacteria, however, and serial
subcultures made in antibiotic-free me-
dium, the proportion of totally resistant
cells rapidly falls to the level found in
normal cultures.

A biological equilibrium between normal
cells and totally resistant cells thus prevails
in staphylococcal populations; it accounts
for the constancy of proportion of resistant
cells, and the tendency of mixtures to
regain the initial balance. It is impossible
at present to ascertain the mechanism of
this equilibrium-no antagonism, for
example, has been observed between nor-
mal and resistant cultures, nor could

le restent au cours de nombreux repiquages
sur milieux de culture depourvus d'anti-
biotique. Elles sont homogenes, comparees
a celles de la population bacterienne
normale.

Les experiences faites dans ces directions
ont ete critiquees: on a avance qu'un
ensemencement massif attenue l'activite
de la streptomycine. L'auteur repond a
ces objections: I'adsorption de la strepto-
mycine par les cellules bacteriennes est un
fait bien connu, mais dans les milieux de
culture contenant des electrolytes, elle
reste negligeable. I1 a et6 prouve, d'autre
part, que l'addition de bacteries tuees par
la chaleur, qui adsorbent la streptomycine
presque de la meme fagon que les bacteries
vivantes, ne modifie pas la teneur du milieu
en streptomycine.

Les cellules totalement resistantes sont
volontiers considerees actuellement comme
des mutants. Luria & Delbriick ont mis au
point une methode statistique pouretablirla
validite de cette hypothese. Leur (( test de
fluctuation )) a donne des resultats negatifs
avec S. aureus. L'analyse d'un nombre con-
siderable de cultures normales de ce mi-
crocoque a montre que la proportion de
cellules totalement resistantes est remarqua-
blement constante. Ce fait a et egalement
observe avec d'autres especes bact.riennes.

Les cultures pures de staphylocoques to-
talement resistants se developpent aussi vite
et aussi bien que les cultures normales; mais,
lorsqu'on melange des bacteries totalement
resistantes a des bacteries normales, c'est-
a-dire pour la plupart sensibles, et que
l'on repique en serie ce melange dans un
milieu depourvu d'antibiotique, on cons-
tate que le nombre de cellules totalement
resistantes diminue rapidement pour at-
teindre, au bout d'un certain nombre de
repiquages, la proportion que l'on observe
dans les cultures normales.
Un etat d'equilibre biologique s'6tablit

donc dans les populations de staphylocoques
entre les cellules normales et les cellules tota-
lement resistantes. Cela explique la propor-
tion constante de ces dernieres cellules et la
tendance des cultures mixtes a faire retour
a l'equilibre initial. Il n'est pas possible
actuellement d'expliquer le mecanisme qui
assure un tel equilibre. On n'a pas constat6
d'antagonisme entre cultures normales et
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transformation of resistant into sensitive
cells be induced in the presence of either
autolysates or nucleic acids extracted from
normal cultures. Nevertheless, the addi-
tion of streptomycin to the medium suffices
to disturb the normal equilibrium and
greatly to increase the proportion of resis-
tant cells. An equilibrium between totally
resistant cells and the rest of the population
thus invariably obtains, but it differs
quantitatively according to the concentra-
tion of antibiotic.

With other antibiotics, such as actino-
mycin and chloramphenicol, the variations
in bacterial sensitivity follow a very diffe-
rent pattern; totally resistant cells are not
produced.
The characteristic pattern of strepto-

mycin-resistance is probably associated
with the phenomenon of streptomycin-
dependence and suggests that this substance
is, structurally or functionally, more closely
related than any other antibiotic to some,
as yet unknown, essential bacterial meta-
bolite.
The results of this research appear to

indicate that the administration of strepto-
mycin, either in large doses or over a long
period, breaks down the equilibrium
between sensitive and resistant cells and
produces a high degree of resistance.

cultures resistantes. On n'a pu transfor-
mer des cellules resistantes en cellules
sensibles par culture en presence d'auto-
lysats de cultures normales ou d'acides
nucleiques extraits de telles cultures.
Toutefois, on a remarque que l'addition
de streptomycine suffit a detruire l'equi-
libre normal et que cet antibiotique deter-
mine l'apparition d'une proportion beau-
coup plus elev&e de cellules totalement
resistantes. Un equilibre se cree entre les
cellules resistantes et le reste de la popu-
lation bacterienne; cet equilibre varie pour
chaque concentration de 1'antibiotique.

Les variations de la sensibilite bact&-
rienne sont tr&s differentes avec d'autres
antibiotiques, tels que l'actinomycine et
le chloramphenicol; il ne se forme pas de
cellules totalement resistantes.
Le caractere particulier que presente la

resistance a la streptomycine peut etre en
relation avec le phenomene de dependance
decrit par divers auteurs. Ce phenomene
sugg&re que la streptomycine est, par sa
structure ou sa fonction, plus proche que
tout autre antibiotique d'un metabolite
bacterien essentiel, encore indetermine.

Les resultats de ces recherches permettent
de supposer que l'administration de
streptomycine, a doses elevees ou durant
de longues periodes, rompt l'equilibre
entre les cellules sensibles et les cellules
resistantes, ce qui provoque l'apparition
d'un degre eleve de resistance.
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