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influenza virus against which they did pos-
sess antibodies. If the mechanisms of infec-
tion with those 2 viruses are the same, non-
specific cellular resistance resulting from
infection with one virus should have conferred

increased resistance to infection with “the -

antigenically distinct virus. The results, there-
fore indicate that following an original in-
fluenza virus infection either (1) non-specific
cellular refractoriness plays little, if any part
in the resistance of ferrets to reinfection with
that virus or (2) the mechanisms of infection
with the A and B viruses are not the same.

It is of interest that when PR8 was used
for inoculation (Chart 1), the animals pre-
viously infected with Czech showed a higher
fever, an earlier peak and a less prolonged
febrile reaction than did the normal animals.
If that difference in response was not due
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to chance these results might be interpreted
as an indication that the convalescing ani-
mals were even more susceptible to infection
than were the normal ferrets.

Summary. Ferrets which had been infected

-with* either influenza’ A or influenza B virus

were tested for immunity to those 2 viruses
on the eighth day of convalescence. They
were susceptible to infection when reinocu-
lated with the heterologous virus against
which they possessed no antibodies, but were
immune to infection when reinoculated with
the homologous virus against which they
possessed antibodies. If the mechanisms of
infection with the A and B viruses are the
same the results indicate that non-specific
cellular refractoriness plays little part in
the resistance of ferrets to reinfection with
influenza virus.
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Observations on the Action of Streptomycin in vitro (I).*

Turira F. LENErRT aAND Grapys L. Hoesy.

From the Biological Laboratory of Chas. Pfizer and Co., Brooklyn, N.Y.

Since the discovery of streptomycin by
Waksman,! a number of reports on the sen-
sitivity of microorganisms to this antibacterial
agent have appeared.?® The sensitivities have

* A part of this work was presented before the
Socicty of American Bacteriologists, May, 1946.
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been expressed in terms of units per cc or
micrograms of streptomycin base per cc nec-
essary for inhibition of growth. The sensitiv-
ities reported have varied widely depending
upon the individual strain tested. Strains
which have been considered sensitive to strep-
tomycin and which have been inhibited in
some laboratories by a few tenths of a micro-
gram per cc have in other laboratories re-
quired from 1 to 10 ug per cc or more for in-
hibition. These differences have depended
upon the experimental conditions, and upon
the criteria of inhibition used.

It was early demonstrated by Waksman,>3
Donovick,? and others'®*! that medium influ-
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ences the sensitivity of an organism to strep-
tomycin. Age and density of culture were
recognized as significantly affecting sensitiv-
ity.™'" The significance of these factors has
been further emphasized by the recent work
of Berkman and his coworkers.!*

Despite recognition of the fact that sen-
sitivity could be altered by such factors as
these, no standardized procedure for deter-
mination of the sensitivity of organisms to
this. agent has been utilized.

The present study was undertaken in an
attempt to determine the range of sensitivity
of various bacterial species to streptomycin,
using a standardized procedure, and to deter-
mine certain of the factors which may in-
fluence the apparent sensitivity of an organ-
ism to streptomycin.

Method. Except when otherwise specified,
a beef infusion medium?t buffered at pH 7.8
was used throughout. This medium contained
a relatively high concentration of phosphates
which may decrease to some extent the ac-
tivity of streptomycin. However it was felt
advisable to use this in view of the fact that
it is sufficiently rich to support the growth
of practically all pathogenic organisms.

Six-hour plain broth cultures were used ex-
cept when otherwise indicated. These cultures
were prepared from freshly cultivated 16-18
hour broth cultures, and were diluted with

12 Berkman, 8., Henry, R. J., and Housewright,
R. D., J. Bact., 1947, in press.

t This medium was first used by Dawsonl3 for
cultivation of pneumococcus variants. Tt has since
been widely used in a number of laboratories for
various purposes including the primary isolation of
4 wide variety of pathogens. Tt readily supports
growth of many organisms that are often difficult
to cultivate in the usual beef infusion mediums.
Lean chopped beef (1 1b per liter of water) is
allowed to infuse at 5°C for 18 to 24 hours. The
mixture is then hoiled for 15 minutes, and filtered
through  eotton ° cloth. Sodium  phosphate
(NagHPO,; 4 g/liter) and neopeptone (10 g/liter)
are then added, the mixture boiled for 15 minutes,
and filtered through filter paper while hot. After
adding sufficient water to bring the volume to 1
liter, the pH is adjusted to 8.0 with 2N NaOH and
the mixture boiled long enough to clear (no longer).
The medium is then tubed and autoclaved at 15 1b
pressure for 20 minutes.
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broth to a constant density immediately prior
to use. A density equivalent to a MacFarland
BaSO, No. 1 standard and allowing 70 to
78% transmission on a Photovolt Lumetron
No. 400 was arbitrarily chosen as standard.
This density corresponds to a concentration
of 2-400 million organisms per cc for the
majority of strains tested. The sensitivity of
a standard strain of E. coli was determined
simultaneously with each series of unknown
organismes,

For each organism tested, a series of 12
tubes were set up containing 0.01 to 0.1 cc,
0.15 cc, and 0.2 cc of a broth solution contain-
ing the equivalent of 100 ug of streptomycin?
per cc. The total volume of each tube was
adjusted to 0.5 cc with sterile broth and 0.5
cc of a 10* dilution of the standardized
culture was then added to each. The final
concentration of organisms was therefore
about 150,000 per cc; the final concentration
of streptomycin varied from 1.0 to 20 ug per
cc. In the case of highly sensitive organisms,
a solution of streptomycin containing 25 pg
per cc was at times necessary whereas for
more resistant organisms, a solution contain-
ing 1000 to 2000 ug per cc was used. Unless
otherwise specified, impure commercial strep-
tomycin sulfate was used. Incubation was
carried out at 37°C. for a period of 72 hours.
The amount of growth was recorded at 24,
48, and 72 hours. The sensitivity of an organ-
ism was accepted as the least amount of
streptomycin causing complete inhibition of
growth, as evidenced by absence of gross
turbidity, after 72 hours’ incubation. It was
recognized however that this did not neces-
sarily indicate a bactericidal level.

Experimental. Using this procedure ex-
periments were carried out (1) to demonstrate
the effect of variation in culture on the sens-
itivity of an organism to streptomycin, and
(2) to demonstrate the effect of medium on
the sensitivity of an organism. In addition
the sensitivity of 84 freshly isolated strains
belonging to 10 different species was tested
against impure streptomycin sulfate. Certain
of these strains were also tested for compar-

i All streptomycin used throughout this study
was prepared by Chas. Pfizer and Co.
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TABLE I.
Bacteriostatic Action of Streptomyecin on a
Standard Strain of E. coli in Vitro.

Streptomyein Potency Sensitivity in ug/ce*
preparation ug/mg 24 hr 48 hr 72 hr
T 249 45 6 6

7 7 7

1T 418 7 8 8

6 8 8

7 7 8

4 4 4

5 5 5

5 5 5

4 4 4

IIT 802 5 5 5

5 5 5

9 9 9
e \
* Sensitivity — Least amount of streptomyecin

causing complete inhibition of growth.

ison against the crystalline CaCle double
salt of streptomycin, and against highly puri-
fied streptomycin sulfate prepared from a
crystalline salt.

Sensitivity of a Single Strain of E. Coli.
The sensitivity of a given strain of E. coli
was determined, by the method previously
described, against three preparations of strep-
tomycin on a number of days. As indicated
in Table I, the sensitivity varied from 6.0 to
7.0 pug per cc against preparation I, from
4.0 to 8.0 pg per cc against preparation II,
and from 4.0 to 9.0 ug per cc against prepara-
tion III.

Sensitivity of a Single Strain of E. Coli to
6 Preparations of Sireptomycin Sulfate. In
subsequent experiments the sensitivity of a
single strain of E. coli was tested against six
different preparations of streptomycin sul-
fate varying in potency from 249 to 802 ug
per mg.

The sensitivity after 24 hours’ incubation
at 37°C. varied from 4.0 to 7.9 pg per cc. The
action of streptomycin was only bacterio-
static, the amount necessary for inhibition
increasing on prolonged incubation.

The sensitivity did not vary greatly with
different preparations of streptomycin sulfate.
A preparation containing 802 pg per mg and
prepared directly from a crystalline salt of
streptomycin was no more effective against

§ We are indebted to Dr. Selman Waksman for
the strain of K. eoli used in these experiments.
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TABLE TI.
Bacteriostatic Aetion of Various Preparations of
Streptomycin on a Standard Strain of E. col

in Vitro.

Streptomyecin Potency Sensitivity in ug/cc*
preparation ug/mg 24 hr 48hr 72hr
1 249 58 65 65

1T 455 6.5 7.8 7.8

III 404 7.9 7.9 7.9

v 452 4.0 5.0 5.0

v 418 5.8 6.1 6.2

VI 802 6.3 6.3 6.3
i 7b701;s1t1\71t;77:_— Least amount of streptomyein

causing complete inhibition of growth.
Values given represent average of 2 to 9 deter-
minations made on separate days.

this strain of E. coli than were more crude
preparations. The variation in sensitivity to
different preparations was no greater than
the variation in sensitivity to a single prepara-
tion on different days. (Table II).

Effect of Concentration of Organisms on
Sensitivity to Streptomycin. In view of the
fact that the sensitivity of the same strain
cultivated in the same medium was not abso-
lutely constant from day to day, experiments
were carried out to determine the effect of
the density of the culture on its sensitivity
to streptomycin.

The density of both 6 hour and 16 hour
cultures of 2 strains belonging to different
species—a standard strain of E. coli and a
freshly isolated strain of K. pnewmoniae—
were diluted to the equivalent of a BaSOy
No. 1 standard (78% transmission Photovolt
Lumetron No. 400). This concentration was
equivalent to 200-400 million organisms per
cc. Six hour cultures were also diluted to the
equivalent of a BaSO, No. 4 standard (50%
transmission) whereas the 16 hour cultures
were diluted to correspond to the density
of a BaSO, No. 6 standard (28% transmis-
sion). The sensitivity of each to streptomycin
was determined using 107! to 10-8 dilutions.

More constant and more complete inhibition
of growth was obtained using 6 hour cultures.
The number of ug per cc necessary to cause
complete inhibition of growth decreased with
a decrease in the number of organisms per
cc. Using dilutions of 10% or greater (equiv-
alent to less than 15,000 organisms per cc
of final test solution), differences in the num-
ber of organisms had little effect on the
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TABLE TIIL
Effect of Concentration of Organisms on Sensitivity to Streptomycin in Vitro.

Sensitivity in yg/ec*
Dilution of culture

Culture age, Density, D

Strain hr BasOy 10-1 10~z 103 104 10-5 10-6 10-7 10-8
E. eoli (W.) 16 No.1 10 5 5 4 2 2 2 2
No. 6 10 10 5 4 2 2 2 2
6 No. 1 10 10 5 2 2 2 2 2
No. 4 10 10 10 5 2 2 2 2
K. pneum. (Lund.) 16 No. 1 10 10 5 2 2 2 2 1
No. 6 10 10 5 4 3 2 2 2
6 No.1 10 10 5 3 2 2 2 2
No. 4 10 10 10 4 2 2 2 2

of growth.

amount of streptomycin necessary for inhi-
bition. In lower dilutions, a 10-fold difference
in concentration of organisms was often suf-
ficient to cause a 2-fold difference in the
sensitivity of the organism when tested in
the same medium under the same experi-
mental conditions. (Table III).

The concentration of organisms, and to a
less extent the age of the culture, is critical.
Indeed it is more critical than in the case of
penicillin—a 10,000-fold change in the con-
centration of an organism generally being es-
sential to cause a 2- to 4-fold difference in
its sensitivity to penicillin.

Variation in Sensitivity of Organisms With-
in Individual Strains. Throughout these stud-
ies, occasional irregularities resulted from the
appearance of resistant cells at irregular in-
tervals in the test series. In view of the fact
that there is no evidence as yet that these
cells differ in their pathogenicity, they can-
not be ignored. However, the difference in
sensitivity due to the appearance of such
cells is no greater, in most cases, than the
difference in sensitivity of a single strain
when tested on different days or when tested
against different preparations of streptomyecin.
(Table 1V).

Effect of Peptone on Sensitivity of E. Coli
to Streptomycin. A comparison of the sen-
sitivity of the standard strain of E. coli was
made in (1) a freshly prepared beef infusion
broth, (2) Bacto-nutrient broth containing
yeast extract, and (3) McLeod’s synthetic
medium for growth of E. coli. The sensitivity
of this strain was greatest in the Bacto-

* Sensitivity expressed in terms of least amount of streptomyecin (ug/cc) necessary to cause inhibition

TABLE 1V.
Influence of Resistant Cells on Sensitivity of Whole
Culture to Streptomyein in Vitro.

Sensitivity in Mg/cc (72 hr)

Susceptible Resistant
Strain cells*® cellst
. o T i

L. coli (W.) 4.5 7
71 (Hopk.) 5.0 9
77 typhosa (MeM.) 7.0 9
ZEE E G i) 3.5 9
K. pneumoniae (Yer.) 4.5 7
Strep. viridans (Tor.) 2.5 10
Staph. avreus (K.C.) 5.0 10
” 7 (KS.G) 5.0 8
”? ’? (Hand.) 10.0 200

1

— i !
* Least amount of streptomyein necessary to in-
Libit growth of apparently sensitive cells.

t Least amount of streptomyein necessary to in-
hibit growth of entire culture.

nutrient broth which contained only a low
concentration of beef extract, peptone, and
yeast extract at a pH of 6.9. In all 3 mediums,
however, growth was inhibited by 5 pg of
streptomycin per cc.

Using freshly prepared beef infusion broth,
McLeod’s synthetic broth, and a modified
McLeod’s medium in which the asparagin
was replaced by neopeptone in amounts
comparable to those present in the infusion
broth, the sensitivity of varying dilutions
of the standard strain of E. coli to strepto-
mycin was tested.

The concentration of organisms ranged
from a 10! to 10 dilution of a standard
culture. Growth was inhibited in dilutions
of 102 to 10°® in beef infusion broth, and in
dilutions from 10 to 10® in McLeod’s
medium containing asparagin. No inhibition



TABLE V.

ffect of Neopeptone on Action of Streptomyein (E. coli).

-
U

E

Amt of growth

Amt of

streptomycin

Amt of

peptone

Basal

medium
MeLeod’s

104 10-5 10-6 107 108

10-3

10-1

(ug/ec)

(%)

ACTION OF STREPTOMYCIN in vitro

+ 4+t
+|+++[
+
+ +++
+ 4++
l+1+++|
I e
I+ +++
i+ -+
1+|+++[
+ ' 4++
+ ++4
+ ++4+
+!+++;
+ Pt
+ -+
+ +++
;+l+++]
+ P4+
+ +++
+4+44+
+++4+4
++++4+ !
+++++
o o et
e e e
+4+++++
++4++++
+4+++++
++++++
++++++
++++++

}:lnomom
!
)
|

uNSS
o O -HA

1

X}
3y

)y

)
Beef inf.

1
|
|
I
|
]

* McLeod’s synthetic medium containing no asparagin.

Neopeptone used in place of asparagin.

239

of growth occurred in McLeod’s medium
containing 0.2% neopeptone in place of as-
paragin. (Table V). Similar results were
obtained using 1.0% neopeptone in McLeod’s
medium.

The inhibition of streptomycin action by
peptone was in striking contrast to the effect
obtained in beef infusion broth containing
an equal concentration of the same prepara-
ticn of peptone and containing the same
concentration of glucose. That peptone may
alter the oxidation-reduction potential of a
medium was shown by Dubos.?* Tt has been
demonstrated by Geiger, Green and Waks-
man’® and by others®127% that such altera-
tion in the oxidation-reduction potential of
the medium may inhibit the action of strepto-
mycin. It is conceivable that the inhibitory
effect of peptone on the antibacterial action
of streptomycin may be due at least in part
to such an alteration in the oxidation-reduc-
tion potential of the medium. Beef infusion
broth apparently contains however one or
more substances which will counteract the
effect of the peptone on the action of strep-
tomycin.

An inhibitory effect similar to that observed
with peptone was also obtained when aspara-
gin was replaced by methionine, cystine HCI,
and tyrosine. No inhibition of streptomycin
action occurred with the concentrations of
leucine, glutamic acid, tryptophane, glucose,
or paraminobenzoic acid tested. Certain
other of the amino acids were tested but
were in themselves . inadequate to support
growth of the organism in the synthetic
medium used.

It is apparent that the medium used in
testing the sensitivity of an organism to
streptomycin is extremely important. The
fact that certain growth stimulating sub-
stances such as peptone may have an inhi-
bitory effect on streptomycin seems highly
significant. Since large differences in sensitiv-

13 Dawson, M. M., J. Path. and Bact., 1935,
39, 323.

14 Dubos, R., J. Erp. Med., 1930, 52, 331.

15 Geiger, W. B., Green, S. R., and Waksman,
S. A., J. Bact., 1946, 51, 634.

16 Denkelwater, R., Cook, M. A.; and Tischler,
M., Science, 1946, 102, 12,
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ity levels may result from the use of different
mediums in different laboratories, it is es-
sential that the medium is indicated or that
a reference standard is used. In a constant
medium the variations in sensitivity of a
given organism are not significantly great
from day to day provided age and density of
culture are controlled.

Sensitivity of Freshly Isolated Strains. In
subsequent experiments the sensitivity of
84 freshly isolated strains was tested in beef
infusion broth using a 10 dilution of a 6
hour culture diluted to 78% transmission
as previously described. The sensitivity was
accepted as the least amount of streptomycin
necessary to cause inhibition of growth as
evidenced by absence of turbidity after 72
hours -at 37°C. The sensitivity was not ex-
pressed in terms of the actual number of
pg per cc necessary for inhibition of growth,
but in terms of the ratio of the number of
micrograms necessary to inhibit the unknown
organism being tested to the number neces-
sary to inhibit the standard strain of E. coli
in the same medium on the same day. Ex-
pressing sensitivity in terms of such a ratio
does not eliminate differences in the culture
from day to day or differences due to the
appearance of occasional resistant cells, but
it will eliminate differences caused by medium.
The sensitivity of the standard strain of E.
coli under such conditions is then 1.0 at all
times.

TABLE VI.
Comparison of Bacteriostatic Action of Streptomy-
ein on Various Species of Baeteria in Vitro.

Avg sensitivity®
No. of strains

¥

Specics tested 24 hr 72 hr
II. influenzae 1 0.2 0.2
B. mycoides 1 0.4 0.4
K. pncumoniae 5 0.3 0.5
der. aerogenes 1 0.6 0.6
E. typhosa 7 2.6 5.5
E. coli 10 1.6 2.2
Streptococeus 4 2.5 3.4
Salmonella 5 2.3 3.4
Staph. aureus 44 1.0 3.5
Pscud. pyocyaneus 6 13.9 241

* Bensitivity — avg of ratios of least amount of
streptomyein (ug per cc) causing eomplete inhibi-
tion of growth of unknown strain to least amount
(ug per ee) causing inhibition of a standard E.
coli strain on the same day.
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TABLE VIIL
Compuarison of Sensitivity of Various Strains With-
in a Species to Streptomyein in Vitro.

Sensitivity

Specics Strain No. (72 hr)*
L. coli 1 0.2
2 0.6
3 0.7
4 0.7
5 0.8
6 1.0
7 1.0
8 5.6
9 7.5
Ps. pyocyaneus 1 5.6
2 7.5
3 100.0

* Sensitivity — ratio of least amount of strepto-

mycin (ug per ce) causing complete inhibition of
growth of unknown strain to least amount (ug per
ce) causing inhibition of standard E. coli strain
on same day.

TABLE VIII.
Difference in Bacteriostatic Action of Streptomy-
¢in on Individual Organisms Within a Strain of
Staph. aureus.

Sensitivity

48 hr 72 hr

No. of colonies ,——

Strain tested 24 hr
KI. 2 0.3 0.3 0.5
0.2 4.3 18.8
KUN. 2 0.6 0.6 0.8
4.2 5.0 22.5
e N
* Sensitivity = ratio of least amount of strep-

tomyein (ug per c¢) causing complete inhibition
of growth of unknown strain to least amount (ug
per cc¢) causing inhibition of standard K. coli
strain on same day.

The average sensitivity of 10 strains of
E. coli, other than the standard strain, was
2.2 pg per cc. These strains were 2.2 times
as resistant as the standard strain. The strains
of H. influenzae, B. mycoides, K. pneumoniae,
and Aer. aerogenes tested were more sensitive
whereas the streptococci (all of which were
enterococci with the exception of one strain),
staphylococci, Salmonella, and Pseudomonas
strains tested were more resistant than the
standard strain of E. coli. (Table VI).

In some instances marked variations oc-
curred in the sensitivity of the various strains
within a single species. (Table VII). Like-
wise, there were at times marked differences
in the sensitivity of individual organisms
within a single strain. (Table VIII).

Comparison of Semsitivity to Crude and
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TABLE IX.
Comparison of Bacteriostatic Action of Crude and Purified Streptomycin in Vitro.

Sensitivity in yg per cc®

Crude Pure
sulfate sulfate
Strain 453 yg/mg 802 yg/mg

B. subtilis (W) 0.14 0.25
K. preumoniae 0.17 0.16
B. mycoides (W) 0.21 0.25
A. aerogenes 0.33 0.29
7 72 0.52 0.32
E. coli (W) 1.00 1.00
Staph. aur. (H) 2.20 2.50
Strep. hem. (C203Mv) 2.40 2.10
E. typhosa 5.70 4.00

Crystalline (CaCly, double salt)

\

L A
Prep. 1 Prep. 2 Prep. 3
685 yg/mg 701 yg/mg 708 ug/mg
U SN |
0.25 0.19 0.11
0.25 0.25 0.17
0.25 19 0.22
1.00 1.00 1.00
2.50 2.50 2.00
>5.00 5.00 >5.00

- - - §
* Sensitivity — ratio of least amount of streptomyecin (yg per ce) causing complete inhibi-
tion of growth of unknown strain to least amount (yg per ce) causing inhibition of standard

strain of E. coli on same day.

Pure Streptomycin. The sensitivity of a small
group of organisms against a partially puri-
fied preparation of streptomycin sulfate (po-
tency, 453 pg per mg) was compared with
their sensitivity to 3 preparations of the
crystalline CaCly double salt of streptomycin
and to one preparation of pure streptomycin
sulfate prepared from a crystalline salt. The
difference in sensitivity was insignificant and
it is apparent that the strains tested were
equally sensitive to the preparations of im-
pure and pure streptomycin used. (Table
IX).

Subsequent experiments using different
preparations of impure streptomycin revealed
a somewhat different situation however. Using
5 different strains of E. typhosa as test organ-
isms, the sensitivity to 2 preparations of im-
pure streptomycin sulfate and to one prepara-
tion of highly purified streptomycin sulfate
was compared. The sensitivity of all 6 strains
to the preparation of highly purified strepto-
mycin sulfate was >36 pg per cc. Likewise
the sensitivity to one preparation of impure
streptomycin sulfate ranged from 24 to 36 pg
per cc. However the sensitivity to the other
preparation of impure streptomycin sulfate
ranged from 3.3 to 7.0 pg per cc. It was ap-
parent that some preparations of impure strep-
tomycin sulfate were more effective than oth-
ers against E. typhosa. (Table X).

Discussion. The sensitivity of an organism
to streptomycin is influenced by many factors
including (1) age of culture, (2) concentra-

TABLE X.
Comparisen of Baeteriostatic Action of Crude and
Purificd Streptomycin Against E. Typhosa in
Vitro.

Sensitivity in yg/ce (72 hr)*

¥

N
Impure sulfate
Pure

S —
sulfate Prep.1  Prep.2
802 130 453
Strain ug/mg ug/mg  yg/mg
E. typhosa (stock) >40 32
(Ga) >40 4.3 36
(Me) >36 3.3 24
(Mc) >40 7.0 24
(Ur) >36 3.8 40

*Sensitivity expressed in terms of least amount
of streptomyecin (g per ec) necessary to cause in-
hibition of growth.

tion of organisms, (3) growth phase of the
culture, and (4) constituents of the medium
used. Provided the age, concentration and
growth phase of the organisms are constant,
sensitivities will remain constant from day
to day if the same medium is used throughout.
Since differences in medium alter so greatly
the sensitivity of an organism, comparison
of sensitivities is facilitated by expressing
them in relation to a standard strain tested
simultaneously in the same medium.

The effect of streptomycin is highly bac-
teriostatic. Only against a few organisms
(H. influenzae, Pasteurella tularensis, A. aero-
genes) has bactericidal activity been demon-
strated.® The fact that with many strains
the number of organisms in relation to the
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concentration of drug so greatly influences
the eifect of the streptomycin is probably a
limiting factor in its usefulness. In like man-
ner the effectiveness of the sulfonamides has
been dependent at least in part on the con-
centration of organisms in relation to the
amount of sulfonamide present. The number
of units of penicillin necessary for inhibition
of a culture, on the other hand, is altered only
by large variations in the number of organ-
isms present.

One can only speculate on the relationship
this may have to the apparent development
of bacterial resistance to streptomycin. It is
mnow recognized however that in contrast to
penicillin, the effectiveness of streptomycin
gn vivo is at times limited by the ease with
'which susceptible strains of microorganisms
develop resistance to it.

Under the experimental conditions used,
no differences have been demonstrated in the
sensitivity of most organisms to impure strep-
tomycin sulfate, to the crystalline CaClg
double salt of streptomycin, or to highly
purified streptomycin sulfate prepared from
a- crystalline salt. Impure streptomycin and
highly purified or crystalline streptomycin ap-
pear equally effective in vitro against all or-
ganisms except E. fyphosa. The significance
of the fact that certain preparations of im-
pure streptomycin sulfate are more effective
against strains of E. typhose than highly
purified streptomycin will be discussed in
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detail elsewhere.

Summary. 1. A standardized procedure for
determination of sensitivity of microorganisms
to streptomycin is described.

2. The sensitivity of an organism to strep-
tomycin is influenced by age of culture, con-
centration of organisms, growth phase of
culture, and constituents of medium used.
Providing these factors are held constant,
the sensitivity of a given strain will remain
constant from day to day.

3. The action of streptomycin is bacterio-
static rather than bactericidal. Its action is
inhibited by certain growth stimulating sub-
stances such as peptone, as well as by certain
reducing substances.

4, The sensitivity of 84 strains belonging to
7 species is described. Marked variation in
sensitivity exists between different strains
within a single species and at times between
different cells within a given strain.

5. The sensitivity of 9 strains belonging to
8 species is essentially the same when tested
against crude streptomycin sulfate (453
pg/mg), against 3 preparations of the crys-
talline CaCle double salt of streptomycin
(685 to 708 pg/mg) and against a prepara-
tion of streptomycin sulfate (802 pg/mg)
prepared from a crystalline salt.

6. The sensitivity of 4 strains of E. typhosa
to certain preparations of impure strepto-
mycin sulfate is greater than to highly puri-
fied streptomycin sulfate.

15923

Observations on the Action of Streptomycin in vifro (II).*

Grapys L. Hossy AND Turita F. LENERT.

Erom the Biological Laboratory of Chas. Pfizer and Co., Brooklyn, N.Y.

It is recognized that a wide variety of
factors may influence the observed sensitivity
of an organism to streptomycin. Certain of

* A part of this work was presented at the Con-
ference on Antibiotic Research held at Washing-
ton, D.C. on January 31 and February 1, 1947
under the auspices of the Antibioties Study Sec-
{lon of the National Institute of Health.

these factors have been discussed in a recent
communication from this laboratory.! The
sensitivity of a number of strains belonging
to 10 different species was described and it
was shown that with the exception of E.
typhosa the strains tested were equally sen-

1 Lenert, T. F., and Hobby, G. L., Proc. Soc.
Exp. Bior. ANp MEb., 1947, 65, 235.





