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Resistance of Salmonella typhimurium to Tetracyclines.
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The problem of development of resistance
by bacteria to antibiotic substances is so well
known as to need no comment. As concerns
development of resistance by enteric bacteria
as a result of prophylactic and therapeutic
use of antibiotics, the observations of LeMinor
et al.(1). Buttiaux et al.(2). Smith(3.4) and
Smith and Crabb(5,6) are pertinent. These
workers observed the emergence of resistant
strains of Escherichia coli in man and animals
following prophylactic and therapeutic use of
the agents. Further, Smith and Crabb(3)
noted rapid emergence of tetracycline resis-
tant strains of E. coli in fowls and swine main-
tained on feeds which contained these sub-
stances.

Materials and methods. Since the inclu-
sion of antibiotic substances in feeds has be-
come such a general practice it was thought
desirable to examine the reaction of Salmon-
ella cultures to these substances. Salmonella
typhimurium is the serotype most frequently
found in man and animals. and therefore, was
chosen for test. Advantage was taken of a
large collection of Salmonella cultures isolated
prior to 1948, i.c., before inclusion of anti-
biotic substances in animal feeds and before
the broad spectrum antibiotics came into gen-
eral therapeutic use. These cultures had been
stored in infusion agar stabs in tubes stop-
pered with paraffined corks and had not been
transferred since they were received and iden-
tified. They had been kept in the dark at
room temperature for periods varying from 10
to 18 years. From these cultures were se-
lected 100 strains of S. typhimurium isolated
from animals and an equal number isolated
from man. Of the animal strains, 90 were de-
rived from fowls and 10 from swine. From
cultures isolated subsequent to Jan. 1956.
were selected 100 cultures of S. tvphimurium
isolated from fowls and 100 cultures isolated
from man. In all instances an effort was made
to select strains of wide geographic distribu-
tion, so that cultures from all sections of the
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country were included. The antibiotic sub-
stances tested were tetracycline, oxytetracy-
cline. chlortetracycline, chloramphenicol, di-
hydrostreptomycin, polymyxin B, penicillin,
and erythromycin. In screening the cultures,
blood agar base plates were streaked with in-
dividual cultures and antibiotic discs of inter-
mediate concentration placed on the surface
as soon as the inoculum was dry. Results were
read after overnight incubation at 35°C.
Early in the work it became apparent that sig-
nificant results would not be obtained with
penicillin, erythromycin, dihydrostreptomy-
cin. and polymyxin B. All cultures tested
with penicillin and erythromycin were resis-
tant to the action of these substances and
equal numbers of old and new isolates were
resistant to the action of streptomycin. All
cultures tested with polymyxin B gave a nar-
row clear zone of inhibition. With the excep-
tion of dihydrostreptomycin, which was used
in examination of one-half of the cultures, the
above substances were used in the examina-
tion of only a quarter of the strains. All cul-
tures tested also were susceptible to the action
of chloramphenicol, but since this substance
has been employed so widely in the treatment
of enteric infections, its use was continued
throughout the work. After cultures had been
screened with discs, all tetracycline resistant
cultures and an equal number of susceptible
strains were examined in tube dilution tests
with chlortetracycline. Susceptible cultures
were made up of equal numbers of old and
new isolates. Tests were done in the usual
manner with serial dilutions of the antibiotic
which ranged in final concentrations from
0.10 ug to 200 ug/ml. To 0.5 ml of the anti-
biotic dilutions in distilled water were added
1.5 ml portions of 18-hour cultures which had
been diluted 1 to 400 in trypticase soy broth.
Results were read after overnight incubation.

Results. The only significant differences
noted in reactions of cultures were obtained
with tetracyclines. Among cultures isolated
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prior to 1948, no resistant cultures were found.
Among recently isolated strains, 9% from
fowls and 5% from man appeared completely
resistant as judged by their reactions toward
the discs containing these substances. As
would be expected, cultures which were resis-
tant to one of the tetracyclines were resistant
to all.

In every instance the results obtained by
the disc method were confirmed. Among the
susceptible strains, no differences were appar-
ent between the old and new isolates. With
the exception of one culture which produced
visible growth in 6.25 pg/ml, the cultures
which appeared susceptible by the disc method
were inhibited by concentrations of chlortetra-
cycline higher than 3.125 ug/ml. On the con-
trary, with one exception which grew only in
25 ug/ml, the resistant strains grew well in
50 ug concentration of the antibiotic and half
grew in a concentration of 100 pg/ml.

From these results it is apparent that Sal-
monella cultures which are resistant to tetra-
cyclines occur more frequently today than
they did before these agents were used. Had
a larger number of cultures isolated prior to
1948 been examined, some resistant cultures
might have been found. However, the
fact that no resistant cultures were found
among 200 strains of S. typhimurium in-
dicates that resistant cultures previously
occurred very rarely. The fact that a
significant increase in occurrence of resis-
tant strains was found only in tetracyclines
probably is a reflection of the widespread use
of these substances in animal feeds. With
their continued inclusion in feedstuffs and
their continued therapeutic use, an increase in
the proportion of resistant strains may be ex-
pected. The demonstration of resistance in
twice as many cultures derived from fowls as
in cultures derived from man also probably
is related to the inclusion of tetracyclines in

551

poultry feeds, and may be contrasted with
the lack of resistance to chloramphenicol
which is not so used.

Although an increasing proportion of resis-
tant strains may be expected in years to come,
the rather slow emergence of such strains is
somewhat surprising when one considers re-
sults obtained in the study of E. coli. Smith
and Crabb(6) noted very high proportions of
tetracycline resistant E. coli in pigs fed the
substances. Buttiaux et al.(2) noted that
among cultures of E. coli, type 111:By, iso-
lated from children admitted to one hospital
the percentage of resistant strains rose from
zero to 96.2 over a 2 year period. These find-
ings suggest that S. typhimurium develops
resistance to tetracyclines much more slowly
than does E. coli.

Summary. Cultures of Salmonella typhi-
murium isolated from man and animals prior
to 1948 and cultures of the same serotype
isolated from man and fowls after Jan. 1956
were compared for resistance to several anti-
biotic substances. Significant results were ob-
tained only with tetracyclines. Whereas none
of the 200 older cultures examined was resis-
tant to tetracyclines, 9% of cultures recently
isolated from fowls and 5% of cultures re-
cently isolated from man were resistant to the
substances. Attention is called to the possible
relationship of these findings to the inclusion
of tetracyclines in poultry feeds.
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