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In vitro Activity of Penicillins Against Staphylococcus albus.* (28563)
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Staphylococcus albus (Staph. epidermidis)

is generally considered to be an organism of
extremely low virulence and pathogenicity.
However, it is known to produce disease, and
cases of Staph. albus septicemia and endo-
carditis have been reported(1-6). In one
study, the fatality rate in patients with blood
cultures positive for Stapk. albus was fairly
high (16-20%) and did not seem to have
changed appreciably since the introduction of
antibiotics(2).

The patterns of susceptibility of Stapk.
albus to antibiotics have not been extensively
studied. Strains resistant to benzylpenicillin
(penicillin G) have been described by several
workers(1,7-9), but little is known about
their susceptibility to the new semisynthetic
penicillins and the cephalosporins.

The mechanism of resistance of Staph.
aureus to penicillin G has been well studied
and many investigators have shown that
naturally occurring strains produce a penicil-
lin-destroying enzyme, penicillin-beta-lacta-
mase, the characteristics of which have been
extensively studied and recently reviewed
(10). That strains of Stapk. albus resistant
to penicillin G are capable of destroying this
drug was demonstrated by Bondi and Dietz
(7), and it was shown by Kjellander and
Finland(11,12) that such strains produce a
penicillin-beta-lactamase. However, it is not
known how widespread this property is
among strains of Stapk. albus.

Staph. aureus strains resistant to the new
penicillinase insensitive penicillins have re-
cently been reported(13-16); the mechanism
of this resistance has been debated but most
authors seem to agree that at least for the
majority of strains, the resistance is inherent
in the cells and is not due to production of
an enzyme capable of destroying these new
penicillins. Although some reports(16-21)
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seem to indicate that resistance to these new
penicillins also occurs among strains of Staph.
albus, this has not been specifically studied,
and the mechanism of such resistance is not
clear.

Studies have, therefore, been undertaken
to clarify some of these points. Data on the
susceptibility patterns to various antibiotics
of strains of Staph. albus isolated from clini-
cal material and observations on the mecha-
nism of resistance of Stapk. albus to the peni-
cillins are presented here.

Materials and methods. Bacterial strains.
One hundred and sixty isolates of Staph. al-
bus (coagulase-negative) recovered in pure
culture from blood cultures at the Boston
City Hospital, were collected between Sept.
1962 and Feb. 1963; 15 additional strains
that had grown in pure culture from urine,
pleural or ascitic fluid or infected wounds
were also included.! Two or more strains
isolated from separate blood cultures taken
at different times from the same patient were
obtained in only 13 patients, in 4 of whom
Staph. albus was considered definitely to have
caused disease,—endocarditis in 3 and septi-
cemia secondary to an infected venous cut-
down site in the fourth,

Sensitivity tests.$ As in other recent stud-
ies(22,23) the tests for susceptibility of the
organisms were done by the inocula-replicat-
ing method of Steers, Foltz and Graves(24)
on plates of heart infusion agar (Difco, pH
7.2) into which 2-fold dilutions of antibiotics
had been incorporated. The 17 antibiotics,
including 10 penicillins, that were tested and
their suppliers, were:

penicillin G (benzylpenicillin, Squibb)

ampicillin (a-aminobenzylpenicillin, Bris-
tol)

 The strains were initially isolated in the Bacteri-
ology Laboratory of Mallory Inst. of Pathology by
or under the supervision of A. Kathleen Daly and
Alice McDonald.

§ Done by Clare Wilcox.
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propicillin  (a-phenoxypropyl penicillin,
Lilly)

phenoxyisobutyl penicillin (Pfizer)

methicillin  (dimethoxyphenyl penicillin,
Bristol)

oxacillin  (5-methyl-3-phenyl-4-isoxazolyl
penicillin, Bristol)

cloxacillin (5-methyl-3-0-chlorphenyl-4-

isoxazolyl penicillin, Bristol)

nafcillin [6-(2-ethoxy-1-naphthamido peni-
cillin), Wyeth]

diphenicillin (2-biphenylyl penicillin, Smith,
Kline & French)

cephalothin (7-thiophene-2-acetamido ceph-
alosporanic acid, Lilly)

erythromycin (Lilly)

chloramphenicol (Parke Davis)

tetracycline (Lederle)

novobiocin (Upjohn)

vancomycin (Lilly)

kanamycin (Bristol)

fusidic acid| (Squibb)

The minimum inhibiting concentration
(MIC) was taken to be the lowest concen-
tration of antibiotic on which there was no
visible growth in 24 hours.

Tests for penicillinase production were
done by the Haight and Finland(25) modifi-
cation of the Gots test using Sercina lutea
as the indicator organism. Of the 116 strains
that were positive in this test, and thus as-
sumed to produce penicillinase, 12 (J1-J12)
were selected for further studies to represent
different levels of susceptibility to penicillin
G and methicillin, 5 being resistant to the
latter (MIC = 12.5 pg/ml). These 12 strains
were further tested as follows:

a. Production of penicillin-beta-lactamase.
0.1 ml amounts of 24hr, 37°C broth cultures
(Brain Heart Infusion broth, Difco, pH 7.2)
were used to inoculate into tubes containing
10 m! of broth with methicillin, 1.0 pg/ml.
The tubes were incubated at 37°C for 6 hr
and stored at —20°C until used. The tests
were done by the micro-iodometric method of
Novick(26) as modified by Kjellander and
Finland(11).

b. Mechanism of methicillin resistance. Ef-
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fect of size of inoculum (Exp. 1). The MIC
of penicillin G and methicillin was deter-
mined by the inocula-replicating method,
using as inocula serial 10-fold dilutions of
24 hr broth cultures (undiluted through 10-%)
with 0.85% saline as diluent. When growth
occurred in discrete colonies, their numbers
were recorded. The MIC of methicillin for
Strain J11 was also determined in broth
using 10-fold dilutions of culture as inocula
into tubes of broth containing 2-fold dilu-
tions of methicillin (Exp. 2). The tubes were
incubated at 37°C for 48 hr and visible
growth (turbidity) was noted; clear tubes
were subcultured on antibiotic-free agar
which was then incubated for 48 hours.

Strain J11 was also used in the following
experiment (Exp. 3):T7 0.1 ml amounts of
serial 10-fold dilutions (10°-10"7) of a 24 hr
broth culture were each used to make pour
plate counts in agar containing 2-fold dilu-
tions of methicillin. These plates and paral-
lel plates of antibiotic-free agar were incu-
bated for 48 hr at 37°C and the number of
colonies counted. Only those plates with 30-
300 colonies were used to calculate the num-
ber of viable units per ml. An identical series
of plates were prepared using a culture that
had been grown in broth containing methicil-
lin, 1.0 pg/ml, to serve as an inducer of peni-
cillinase.

Role of penicillinase. The effect of Staph.
albus preparations on methicillin was tested
in another series of experiments (Exp. 4).
Nine methicillin-induced cultures were each
centrifuged at 3000 rpm for 30 min., the
sediment washed twice in Sorensen’s phos-
phate buffer, pH 6.4, and extracted twice
with acetone and twice with ether at —20°C,
as described by Gilson and Parker(27). The
dried cells were then resuspended in one-
tenth of the original volume of buffer and
kept frozen until used. These preparations
were added in 0.5 m] amounts to a series of
tubes each containing 500 ug of methicillin
in 9.5 ml of buffer; one tube to which 0.5
ml of buffer instead of cell preparation was
added served as control. Immediately after
mixing, 1.0 of the contents of each tube was

|| Referred to in this paper as an antibiotic for
convenience.

9 Carried out with the technical assistance of Mil-
dred W. Barnes.
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TABLE 1. Susceptibility of Staphylococcus albus to 17 Antibioties in witro.

Minimum inhibiting concentration, ug/ml-—— M ———

No. of

Antibiotie strains* >100 100 50 25 .%.5 63 3.1 16 .8 4 .2 .1 .04 =.02 Median

Penicillin G 116R 64 110 5 68§ 3 6 5 11 6 >100.

598 1 0 3 3 8 18 26 0.04

Ampieillin 116R 37 18 5 4 6 9 10 9 8 2 50.
598 1 3 9 11 17 15 3 1
a-phenoxypropyl 65R 5 8 0 8 8 3 5 9 8 8 2 1 3.1
penicillin 348 1 0 0 1 2 13 10 6 1 2
Phenoxyisobutyl 47R 2 60 1 1 1 4 2 10 12 11 3 8
penicillin 188 1 0 0 6 8 3 1
Methicillin 116R 3 1 0 9 921 37 33 10 2 3.1
598 4 3 16 27 8 0 1 1.6
Oxacillin 116R 3 0 1 1 3 3 1 11 15 29 44 5 4
598 2 5 2 8 36 6 2
Cloxacillin 17R 1 1 4 o 0 2 2 5 2 8
108 1 1 3 4 1 2
Nafeillin 116R 2 1 0 0 O 0 6 20 13 65 9 4
598 3 4 3 32 16 1 4
Diphenicillin 116R 4 1 3 0 6 9 21 36 22 12 2 4
598 1 4 1 13 26 12 0 2 2
Cephalothin 116R 3 8 9 9 206 52 9 2
598 1 3 8 19 22 2 6 .1
Erythromyecin 34R 6 6o 1 0 6 1 0 0 1 7 10 2 4
148 1 0 0 0o 1 0 0 2 9 1 2
Chloramphenicol 34R 4 7 0 3 18 4 3 12.5
148 2 5 6 1 3.1

Tetracycline 34R 15 2 1 0 1 2 6 5 2 100.
148 1 3 0 0 2 2 5 1 3.1
Novobiocin 34R 2 1 1 0 0 0 0 5 25 . 2
148 1 0 0 0o 0 0 0 4 8 1 2
Vancomyein 34R 5 11 12 6 3.1
148 5 7 2 3.1
Kanamyein 34R 7 10 10 7 .6
148 5 6 0 3 8
Fusidie acid 34R 1 0 2 3 215 5 6 8
148 1 1 0 0 3 5 4 4

” ” 3 » 3

* R, penicillinase-producer (positive Gots test wi'fh penigi].lin 9).

S, non (negative

withdrawn, diluted 1:10 with buffer solution,
Seitz-filtered, and the filtrate promptly froz-
en. The remaining 9 ml were then kept in
a water bath at 35°C for 24 hours, after
which the same procedure of diluting and
filtering was carried out. The filtrates were
then assayed for methicillin content by the
S. lutea, cylinder-plate method of Grove and
Randall(28).

Finally, the 12 strains (J1-J12) were sub-
jected to the Gots test with the following
modifications: the agar contained 1.2 pg/ml
of methicillin, a concentration just sufficient
to inhibit the growth of the indicator strain
of S. lutea, the test strains of Staph. albus
were applied to the agar by the replica-
inoculating apparatus and the plates incu-
bated for 5 days before the results were re-
corded (Exp. 5).

Results. Susceptibility to antibiotics. The

MIC:s of each of the antibiotics for all strains
of Stapk. albus studied are shown in Table
I. Of the 175 strains, 116 (66.3%) were
penicillinase-producers; these are listed sepa-
rately from the nonpenicillinase producers
and the median values for each group are also
given. The penicillinase producing strains
varied widely in susceptibility to the different
antibiotics; for these strains the median MIC
of penicillin G and ampicillin, both of which
are rapidly degraded by penicillinase, was
> 100 and 50 ug/ml, respectively. a-phenoxy-
propyl penicillin and phenoxyisobutyl peni-
cillin, both of which are also quite suscep-
tible to penicillinase, were much more active
in vitro against these strains under the con-
dition of these tests, their median MIC being
3.1 and 0.8 ug/ml, respectively. Moreover,
the MICs of these 4 penicillins for the indi-
vidual penicillinase-producing strains varied
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TABLE II. Relation of MIC* to Penicillinase Activity of 12 Strains of Staph. albus.
Penicillinase activity
Penicillin G-
MIC, pg/ml Gots test with p-lactamase, Gots test with
Strain Penicillin G Methiecillin penicillin G units/ml methieillin
J1 1.56 1.56 + 5 +
J 2 400 3.1 + 4.2 +
J3 3200 6.2 + 16.1 —
J 4 100 12.5 + 4 +
J5 1.56 1.56 + 5 +
J 6 1600 100 + 14 +
J7 3.1 1.56 + .5 +
J8 50 100 + .2 +
Jo 50 3.1 + 2.9 —
J10 .39 6.2 + 3 +
J11 >3200 100 + 9.6 +
J12 400 >100 + 1.8 —_

Strains J1,2,3,5,7,9,10 are methicillin ‘‘senitive’’. J4,6,8,11,12 are methicillin ¢‘re-

sistant’’ (Table IV).
* Minimum inhibiting concentration.

over a much wider range than did those of
nonpenicillinase producers.

If the MIC of = 12.5 pg/ml is taken as
the criterion for “resistant” strains, as sug-
gested by Jevons et al.(15), 15 penicillinase-
producing strains could be considered resist-
ant to one or more of the following semisyn-
thetic penicillins: methicillin, oxacillin, cloxa-
cillin, nafcillin and diphenicillin; 3 of these
strains were resistant only to methicillin, 3
others only to methicillin and cloxacillin, and
1 only to diphenicillin. For 5 of the strains the
MIC was = 50 pg/ml for 2 or more of these
5 penicillins. None of these strains were re-
sistant to cephalothin. Of the 59 strains that

did not produce penicillinase, 4 were resist-
ant to methicillin (MIC = 12.5 ug/ml) and
none were resistant to any of the other peni-
cillins or cephalothin.

Only 34 strains that produced penicillinase
and 14 that did not were tested with the re-
maining 7 antibiotics. The MIC of the for-
mer varied over a wide range of erythromy-
cin, chloramphenicol and tetracycline, and a
large proportion of them were moderately or
highly resistant to these antibiotics; a few
were also resistant to novobiocin. A few of
the strains that did not produce penicillinase
also required 12.5 or more ug/ml of one or
more of these antibiotics to inhibit them. The

TABLE III. Effect of Inoculum Size on Growth of Staph. albus J6 on Agar Containing Penicillin G
or Methicillin,

Micrograms per ml

Inoculum, 7 A
viable units/ml 100 50 25 12.5 6.3 3.1 1.6 0.8
Penicillin G
460,000 +++  +++ FH+ F++ FHE A
46,000 0 +++  +++ -+ H+H+
4,600 0 ++  +++  ++ H++
460 0 15 +4+4+ 4+ 4+ 4
46 0 7 8 14 29
6 0 4 2 2
Methicillin
460,000 0 +++  +++  +++  +++ A+
46,000 0 ++ 14 ++ ++  +++ FH+
4,600 0 19 5 15 11 ++ +4++ +4++
460 0 + ++ +++
46 0 22 ++
6 0 5 5

Growth on heart-infusion agar with antibiotic incorporated: +-+-, heavy growth; -+ -4 moderate
growth; -+ countable (>>25) colonies; numbers represent distinet colonies.

Method of Steers, Foltz and Graves(24).



TABLE IV. Effect of Inoculum Size on MIC of Penicillin G and Methicillin for 12 Strains of Staph. albus.

——————— Methicillin-resistant straing ————

———————— Metbhicillin-sensitive straing —————
1

J7 J9 J10 J4 J6 J8 J11 J12

J5

J3

J2

Inoculum*

6.3— 12.5
6.3
3.1

25— 50
3.1-

>100
>100

6.3
6.3

>100
>100
>100

8-

8- 1.6

1

-50
6.3 -12.5
4 -12.5

01-

25

3.1- 12,5
6.3

>100

100

50
12.5- 25

>100
25

.8

4

4

M.I.C. of penicillin G, ug/ml of agar
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M.I.C. of methicillin, xg/m] of agar

.....

y

X 10% to 1.2 X 10° as calculated from colon:

5
-replicating method(24).

* Total number of viable units per ml of original broth cultures used for inocula ranged from 2,

counts on agar plates and an estimated 0.002 ml volume of each inoculum in the inoeula
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median MIC of vancomycin was 3.1 ug/ml for
both producers and nonproducers of penicil-
linase although the MIC of 5 of the former
was 12.5 pg/ml. All of the strains were sensi-
tive to kanamycin, the MIC being < 1.6 pg/
ml. All but 2 of the strains (one in each
group) were inhibited by < 6.3 ug/ml of
fusidic acid.

Mechanisms of resistance to penicillin -G
and methicillin. The 12 strains selected for
these studies are listed in Table II, which
also shows the MIC of penicillin G and
methicillin, the results of modified Gots tests
with these agents and the penicillin G-beta-
lactamase activity of these cultures. All of
the strains produced the latter enzyme, their
activity varying from 0.2-16.1 units**/ml.
The average activity of the methicillin-re-
sistant strains (MIC = 12.5 pg/ml) was 2.5
units as comparei with 3.5 units for the methi-
cillin-sensitive strains. The highest activity
was found in a methicillin-sensitive strain
(J3), the lowest in a methicillin-resistant one
(J8) and resistance to methicillin did not
correlate with the beta-lactamase activity of
the cultures.

Effect of inoculum size. Table III shows
detailed results of the tests for susceptibility
of one of the methicillin-resistant strains
(J6) to that antibiotic and to penicillin G,
using varying (10-fold) dilutions of culture
as inocula in the agar-dilution test done with
the replica-inoculating apparatus (Exp. 1).
The results of similar tests of all 12 strains
are summarized in Table IV and in Fig. 1.
All of the strains showed an effect of inocu-
lum size on the MIC of penicillin G; a simi-
lar effect with methicillin is noted only in the
case of the 5 methicillin-resistant strains. The
methicillin-sensitive strains did not show the
effect with that antibiotic. Table V shows
results of the test carried out with J11, a
methicillin-resistant strain, in broth contain-
ing 2-fold dilutions of methicillin and inocu-
lated with 10-fold dilutions of culture (Exp.
2). Essentially the same inoculum effect on
the MIC is noted as in the agar dilution
method.

**% A unit of penicillinase is defined here as the
amount of enzyme that catalyzes the hydrolysis of
1 umole of penicillin G in 1 hr at 35°C and pH 64.
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TABLE V. Effeet of Inoculum Size on Bacteriostatic and Baetericidal Action of Methiecillin on
Staph. albus, Strain J11.

Inoculum,
viable units/ml 10

(=]
=
(=]

25

Methicillin, xg/mi of broth

12.5 6.3

w
i
-
=)

3,500,000
350,000
35,000
3,500
350

35

L ++
[ ] ] 4+++
|1 +++

1 +++
] +++
| HHH++
++4+4+++ | o

e+ttt

+, visible growth (turbidity) in broth after 48 hr at 37°C. =, no visible growth (turbidity)
in broth after 48 hr at 37°C, growth only after subculture on antibiotie-free agar. —, no growth

in broth or after subeulture on agar.

That this inoculum effect with methicillin
is probably due to the presence in the origi-
nal culture of a small proportion of cells that
are highly resistant to methicillin is shown
by the results of the experiment (Exp. 3 un-
der Materials and methods) recorded in Ta-
ble VI. Of the total 38 X 107 viable units
in the control culture, with the strain grown
in antibiotic-free broth and colony counts
done in antibiotic-free agar, only 6200 (or
0.0017%) grew out in agar containing 128
pg/ml of methicillin. It is also seen that
growth in a subinhibitory concentration of
methicillin in the broth culture (1.0 pg/ml,
the amount usually employed as a penicillin-
ase inducer) subsequently enhanced the
growth of these resistant cells in the agar
which contained larger concentrations of
methicillin, so that approximately 1 of every
4 cells in the culture (23% of the control
number) grew in the presence of the highest
concentration of methicillin tested, namely
128 pg/ml.

TABLE VI. Comparison of Methicillin-Resistance
of Non-Induced and Methicillin-Induced Staph.
albug (Strain J11).

Culture grown in
broth 4 methi-
cillin, 1.0 ug/ml

Antibiotie-free
broth culture

Methi- Viable % of Viable % of
cillin  units/ml  control units/ml control
0 38 X 10° 100 52 X 10° 100
1 26 X 107 68 50 X 10¢ 96
2 20 X 10¢ 53 43 X 10® 102
4 36 X 10 L0095 55 X 10° 106
8 12 X 10° 0032 53 X 10° 102
16 41 X 10 011 51 x 10¢ 98
32 23 X 10 .0061 556 X 10 106
64 82 X 10 .0022 20 X 10° 38
128 62 X 102 .0017 12 X 10° 23

Table VII shows the effect of the acetone-
ether extracted cells on methicillin (Exp. 4).
None of the 9 Staph. albus cell preparations
tested seemed to affect the methicillin under
the conditions of this experiment, there being
no difference in concentration of that anti-
biotic after 24 hours of incubation between
the control tube containing only drug and
buffer and the tubes containing the drug and
the cell preparations.

TABLE VII. Effect of Incubating Stapk. albus
Penicillinase* with Methicillin.

Concentration of methicillin, ug/ml

Hr of Methicillin-sensitive strains
contact J1 J2 J3 J5 Controlt
0 5.1 5.1 4.7 5.1 5.1
24 3.0 3.7 2.6 2.6 2.7

Methicillin-resistant strains
J4 J6 J8 J11 J12
0 5.2 5.1 5.0 5.0 5.0
24 2.6 2.8 2.7 2.7 2.7

* Acetone-ether extracted cells in phosphate buf-
fer, pH 6.3 at 35°C.

t Buffer with methicillin without cell prepara-
tion.

The results of the Gots tests with penicillin
G and with methicillin (Exp. 5) are given in
Table II. All of the strains showed a positive
Gots test with penicillin G, and all but 3 of
the strains (J3, J9 and J12) gave rise to
satellite colonies of the indicator organisms
(S. lutea) in the methicillin-containing agar.

Discussion. Leedom et al.(18) detected the
presence of strains of Staph. albus resistant
to methicillin in nasal cultures of 3.nurses
and 3 patients following introduction of
methicillin therapy on 2 wards of their hos-
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pital. Stewart(16) was able to develop methi-
cillin-resistant strains of Stapk. albus readily
by serial subcultures in methicillin-containing
broth; such resistance developed more rap-
idly than in strains of Stapk. aureus. The
latter author also noted that serial isolates of
Staph. albus obtained from 3 children in
whom ventriculo-caval shunts were instituted
for progressive hydrocephalus showed in-
creasing resistance to the drug during methi-
cillin therapy. The clinical course of these
cases, including repeated demonstration of
positive blood cultures for Staph. albus de-
spite prolonged therapy with large doses of
methicillin was described by Callaghan, Co-
hen and Stewart(17).

The experiences with use of methicillin
aerosols in attempts to prevent crossinfec-
tions in newborn nurseries are of interest in
this regard. In each of 3 such studies con-
ducted by different groups of workers(19-
21), this procedure resulted in rapid sup-
pression and disappearance of Staphk. aureus
from the nares of the newborns; strains of
Staph. albus, on the other hand, were elimi-
nated with greater difficulty or not at all, or,
as in the study reported by Elek and Flem-
ing(19), a colonization with new strains of
Staph. albus took place during the methicillin
aerosol regimen,

The significance of finding strains of Staph.
albus that are resistant to the new semisyn-
thetic, penicillinase-insensitive penicillins is
uncertain. At this hospital there has been no
clear indication of increased virulence of such
strains, although in one patient with Steph.
albus bacteremia these new penicillins seemed
to be only partially effective. However, there
is some concern that the finding of strains of
Staph. albus resistant to the new penicillins
may portend the appearance and spread of
strains of Staph. aureus resistant to the same
penicillins. Earlier, Lepper and coworkers
(29) found that following the initial introduc-
tion of spiramycin and novobiocin on a hos-
pital ward, the first strains of staphylococci
that became resistant to these antibiotics were
Staph. albus; only later did strains of Staph.
aureus resistant to the same drugs appear.
The recent report of Jevons, Coe and Parker
(15) seems to indicate that there already is
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a slow but steady increase in prevalence of
methicillin-resistant strains of Staph. aureus.

The clinical use of methicillin began at Bos-
ton City Hospital in the fall of 1960. In the
214 years since, approximately 400 patients
with severe staphylococcal infections have
been treated with this and others of the new
penicillins. Of the more than 1200 strains of
Staph. aureus isolated from these patients be-
fore, during and after such therapy and tested
for sensitivity to these penicillins, none haye
been found to be resistant to methicillin or
the other penicillinase-insensitive penicillins.

The results of these studies confirm previ-
ous findings(11,12) that penicillin G-resistant
strains of Stapk. albus. produce a penicillin-
beta-lactamase. Although only 12 of the Gots-
positive strains were tested, it seems likely
that at least the majority of them produce the
same type of enzyme, and that the ability to
do so is widespread among Staph. albus strains
derived from clinical sources. This might ex-
plain the lack of success in penicillin treat-
ment in some cases of Stapk. albus bacteremia.

The mechanism of resistance to methicillin
in the 5 strains studied seemed to be different
from that of penicillin-G resistance. The beta-
lactamase-containing cell preparations, al-
though concentrated 10 times from the origi-
nal cultures, did not affect the methicillin.
Furthermore, there was no correlation be-
tween beta-lactamase activity of the whole
cultures and their susceptibility to methicillin.
The possibility remains that atextracellular
enzyme other than beta-lactamase is produced
by the resistant strains and is capable of de-
stroying methicillin. This does not seem
likely, however, since one of the methicillin-
resistant strains (J12) gave a negative Gots
test with methicillin.

The most likely mechanism of resistance to
methicillin, therefore, is that of “inherent” or
“natural” resistance. The dependence of the
MIC of methicillin for the resistant strains on
inoculum size shows itself not in a gradual
stepwise fashion, as for penicillin G, but in one
or 2 large steps from low to high values. This
is shown in Fig. 1 and Table IV, and even
more clearly in Tables III and V. Such a
result is consistent with the presence in the
original culture of a number of resistant cells.
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FIG. 1. Effect of inoculum size on inhibition of
Staphylococcus albus by methicillin and penieillin
G.

In the case of strain J11 this was demon-
strated in the experiment recorded in Table
VI.

Interpretation of the results of the Gots
tests with methicillin is less clear. There
seemed to be no correlation between the re-
sults of this test and the susceptibility of the
strains to methicillin, nor was there any cor-
relation between the results of this test and
beta-lactamase activities of the cultures. Some
unexplained factors may, therefore, be opera-
tive in this test.

Summary and conclusions. Among 175
clinical isolates of Staphk. albus (Staph. epi-
dermidis)—most of them from blood cultures
—resistance (MIC = 12.5 pg/ml) was most
frequent to penicillin G (50%) and ampicillin
(41%), but 10% were resistant to methicillin,
5% to oxacillin and diphenicillin, less than
2% to nafcillin and none to cephalothin. A
varying number of these strains were also
tested against 3 additional penicillins, 6 other
antibiotics and fusidic acid; resistance was
most frequent to chloramphenicol (60%),
tetracycline (48%) and erythromycin (29%),
none of them were resistant to kanamycin
and a varying proportion were resistant to the
other agents. Penicillinase-like action was
demonstrated by the Haight-Finland test with
119 of the 175 strains; 12 of these strains,
including 5 that were methicillin-resistant,
were studied further. The 12 strains all pro-
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duced a penicillin G-beta-lactamase but cell
preparations from the 5 methicillin-resistant
strains failed to destroy methicillin in 24
hours. There was no correlation between the
‘MIC -of methicillin and enzyme activity or
results of the Haight-Finland test. Inoculum
size had a marked effect on the MIC of methi-
cillin for methicillin-resistant strains, but not
for methicillin-sensitive strains. The experi-
mental data favor the hypothesis that the
inoculum effect was due to presence in the
cultures of a small number of cells with in-
herent resistance rather than to the action of
a methicillin-destroying enzyme. No methi-
cillin-resistant strains of Staph. aureus have
been isolated at this hospital, but the finding
of methicillin-resistant strains of Stapk. albus
may portend the appearance of such strains.
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Studies on the Penicillinase of Staphylococcus albus.* (28564)
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It has been demonstrated(1) that a large
proportion of strains of Staphylococcus albus
(Staph. epidermidis) from various clinical
sources were resistant #n vitro to penicillin
G, and that about 10% of such strains were
also resistant to methicillin and to some of
the other new, semisynthetic penicillins that
are considered to be resistant to degradation
by penicillinase. The majority of these strains
produced a penicillin G-beta-lactamase, but
the mechanism of their resistance to methi-
cillin appeared to be inherent in the bacterial
cells. Further studies of the properties of
penicillinase of Stepk. albus are presented
here and discussed in the light of current
knowledge about the penicillinase of Staph.
aureus(2-11).

Materials and methods. Bacterial strains.
The 12 strains of Staph. albus (J1-J12) used
are the same as those included in the previ-
ous study(l); they had been obtained in
pure culture from the blood of patients at
the Boston City Hospital. Stapk. aureus,
BCH 60/1, the strain that was used for com-
parisons was isolated in 1960 from a sup-
purative lesion; it was phage type 80/81/
KS6, produced penicillinase, and had been

* Aided by a grant from Nat. Inst. Health.
1 Present address: Bacteriol. Lab., Karolinska Sjuk-
huset, Stockholm, Sweden.

used in earlier studies in this laboratory(2,
12). The susceptibility of these strains to
penicillin G and methicillin as determined on
antibiotic-containing agar by the inocula-
replicating method of Steers, Foltz and
Graves(13), is shown in columns 1 and 2,
respectively, of Table I. ‘
Preparation of penicillinase. Except where
otherwise indicated the strains were grown
for 24 hr at 37°C in brain-heart infusion
broth (Difce), pH 7.2, containing methicillin,
1.0 pg/ml, as an inducer. Three preparations
of these broth cultures were tested for peni-
cillinase activity. One consisted of the cul-
ture sediment obtained after centrifugation
at 3000 rpm for 30 min; the sediment was
washed twice with Sérensen’s phosphate buf-
fer, pH 6.4, and extracted twice with acetone
and then twice with ether at —20°C, as de-
scribed by Gilson and Parker(3). The dried
residues were resuspended in the original vol-
ume of buffer solution containing 0.5% gela-
tin and shaken vigorously with sterile glass
beads; these suspensions will be referred to
as “cell preparations.” The culture supernat-
ant was divided into 2 portions, one of which
was passed through a Seitz filter, the other
through a Millipore filter of 0.3 p porosity.
The 3 preparations from each strain were
kept frozen at 20°C until used and showed
no loss of enzyme activity during the 4





