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Recently two new antimicrobial agents,
erythromycin and carbomycin, have appeared
on the market(1,2). Early work on these
drugs has indicated that their antimicrobial
spectrum is very similar(3), that they give
nearly complete cross-resistance(4), and that
drug-resistant variants emerge quite rapidly
from bacterial populations(3). It has been
pointed out that simultaneous exposure of
bacterial populations to erythromycin and
either penicillin or streptomycin greatly dim-
inishes the frequency of such resistant var-
iants(3). For this reason it appeared likely
that these new drugs might often be used in
combinations with other antimicrobial agents.
It was of interest, therefore, to examine the
behavior of erythromycin and carbomycin
when combined with other drugs, particularly
with regard to the occurrence of synergism or
antagonism.

Earlier reports from this laboratory have
dealt with combined antibiotic action as mani-
fested by the rate of bactericidal action(6-8).
From the standpoint of bactericidal rate in
vitro and in vivo the following scheme of com-
bined antibiotic action has been proposed(9):
Antibiotics fall into 2 broad groups: I. peni-
cillin, streptomycin, bacitracin, neomycin.
II. aureomycin, chloramphenicol, terramycin.
Members of Group I are often synergistic with
one another, sometimes indifferent, never an-
tagonistic. Members of Group II are neither
synergistic nor antagonistic with one another
but may show simple additive effects. A com-
bination of Group I with a Group II anti-
biotic may result in either indifference, syner-
gism, or antagonism, depending in part on the
manifest behavior of the microorganism to-
ward the individual drugs. This scheme has
proved useful in planning experiments and
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may find application in combined antibiotic
therapy in clinical medicine. Hence it seemed
advisable to establish the position of the new
antibiotics in this tentative scheme.

Materials and methods. The test organ-
isms included Klebsiella pneumoniae (A-D),
Micrococcus pyogenes var. aureus (Heatley),
and Streptococcus fecalis (No. 16), all of
which had been used in establishing the
original division of the antibiotics into 2
groups(7). In addition, 3 strains of M. pyo-
genes var. aureus (Co, Da, and Sh) recently
isolated from patients were tested. Commer-
cial preparations of crystalline sodium peni-
cillin G, streptomycin sulfate, and bacitracin
were used. Terramycin hydrochloride was
obtained from Dr. G. L. Hobby, chloram-
phenicol from Dr. G. Rieveschl, erythromycin
from Dr. L. E. Josselyn, and carbomycin
from Dr. Frederick C. Fink. The drugs were
dissolved in 0.85% sodium chloride and final
dilutions were made in broth immediately be-
fore use. Proteose No. 3 broth containing
the diluted antibiotics was inoculated with an
18-hour broth culture of the test bacteria to
give a concentration of 107 to 10® organisms
per ml in a total volume of 15 ml. Samples of
0.5 ml were removed at intervals during in-
cubation at 37°C and the number of viable
bacteria was estimated by plate counts on
Proteose No. 3 agar (Difco). Details of the
method and its interpretation have been de-
scribed (10).

Results. When acting alone, erythromycin
and carbomycin behaved in a similar manner
except that a larger dose of the latter was
often required for an antibacterial effect.
Both drugs in adequate doses exerted a bac-
tericidal effect during the first 24 hours of
action but some bacteria usually survived and
subsequently multiplied.

When bacteriostatic or slowly bactericidal
doses of either erythromycin or carbomycin
were combined with a rapidly bactericidal
dose of penicillin, these new drugs sometimes
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TABLE 1. In Vitro Action of Erythromycin and Carbomycin with Penicillin, Streptomyein, or Baecitra-
cin, Estimated by Plate Counts of Viable Bacteria.

No. of viable bacteria/ml

Drug and amt (yg/ml) ,———Hr after inoculation————  Combined
Test organism (bacitracin in units/ml) 0 7 24 32-48 effect
Micrococcus pyogenes var. None 6 X 108 8 X 10" 6 X 108 10°
aureus (Heatley) Penicillin .3 2 X104 10t 10
Erythromyein 2.0 2 X 10 8 % 10* 6 X 10*
Pen .3 4 erythro 2.0 2 X 10° 3 x 10 5 X 10® Antagonism
Carbomyein 2.0 3 X 10° 8 10 5 X 10*
Pen .3 + carbo 2.0 5X 10° 2 X 10+ 5 X 10® "
Klebsiella pneumoniae A-D None 107 4 X 10° 6 X 107 108
Penicillin 6.0 4 X 10* 10* 3 X 100
Erythromyein 10.0 6 % 10° 3 X 10° 108
Pen 6.0 4+ erythro 10.0 5% 10° 2 X 10° 8 X 10* Antagonism
Streptomyein 5.0 3 10 3 X 107 108
Strepto 5.0 4 erythro 10.0 4 X 102 10t 10t  Synergism®
Micrococcus pyogenes var. None 3 X107 2 X108 5 X 108 10°
aureus (Co) Bacitracin 1.0 6 X 107 5 x 10® 8 X 10°
Carbomyein 1.0 9 X 10® 5 10° 7 X 107
Baei 1.0 + carbo 1.0 5 X 10 2 X 10* 10 Synergism®
Micrococcus pyogenes var. None 2 X 10" 3 X 10® 6 X 108 100
aureus (Sh) Bacitracin 10.0 3 X 10 43 10* 4 X 10
Erythromyein .2 3 X 10" 4 X107 7 X 10°
Baci 5.0 4 erythro .2 5 X 10° 102 4 X 10t Synergism*

* Synergism denotes a bactericidal effect greater than that obtained with 2-5 times larger concen-

trations of cach single drug, used alone.

TABLE II. Combined In Vitro Action of Erythromycin and Carbomyein with Penicillin or
Bacitracin.

-~

Test organisms \

K. pneumoniac

Antibiotic ——M. pyogenes var. aureus strain——— strain 8. fecalis strain
combination H Da Sh Co A-D #16
P4+ T Antag. Indiff. Indiff. Antag. Antag.
P + B 2 » » EH ”»
P + Q 22 ”» »” ”» ?
S+ E Indiff. Synerg.
S+¢C Addit. Addit.
B4 T Synerg. Addit. Synerg. ”
B+ E Indiff. ” ? »
B+C ” ” Synerg.

Indifference — effect equal to that of the more active drug alone. Antagonism = effect less
than that of the more active drug alone. Addition — simple algebraic summation. Synergism —
effect greater than simple algebraic summation of single drug effects. Blank — not tested.

P — penicillin;

B = bacitracin;
S = streptomyecin.

reduced the bactericidal rate of the penicillin.
Both erythromycin and carbomycin interfered
with the bactericidal effect of penicillin acting
on the test strains of K. pneumoniae, S. fe-
calis, and M. pyogenes var. aureus (Heatley)
(Tables I and II). This antagonism was
similar to that previously shown for chlor-
amphenicol, aureomycin, and terramycin
using the same test organisms(8,10,11). On
the other hand, against M. pyogemes wvar.
aureus (Sh and Co), erythromycin was syner-
gistic with' the Group I drug, bacitracin.

E — erythromycin;

C =ecarbomycin; T == terramycin;

Combinations of bacteriostatic doses of the
new drugs with bacteriostatic doses of Group
I drugs often showed an additive effect. A
similar relationship has been established for
bacteriostatic amounts of Group I with Group
II drugs(8). Hence, erythromycin and car-
bomycin behaved in a manner resembling
Group II antibiotics (Table II).
Combinations of erythromycin with carbo-
mycin had only negligible additive effects.
Mixtures of either chloramphenicol or terra-
mycin with .these new agents resulted in a
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combined effect no greater than that obtained
by increasing proportionately the dose of
either drug used singly. In this regard also
erythromycin and carbomycin behaved like
members of Group II.

Antibiotics of Group II are, to some extent,
interchangeable in combinations. Erythromy-
cin or carbomycin, however, could not always
replace terramycin or aureomycin. For ex-
ample. when tested against M. pyogenes var.
aureus (H) bacitracin and terramycin were
svnergistic(7) but neither erythromycin nor
carbomycin showed this effect when combined
with bacitracin. Using another strain of
M. pyvogenes var. aureus (Sh), it was shown
that erythromycin and bacitracin were syner-
gistic over a wide range of concentrations in-
cluding bactericidal doses of bacitracin.
Against a third strain of this organism (Da),
bacteriostatic doses of bacitracin were addi-
tive when combined with the new drugs
(Table I). As with other Group II anti-
biotics, the behavior of erythromycin and car-
bomycin in combination with Group I drugs
was unpredictable and seemed to depend, at
least in part. upon the sensitivity of the test
bacteria to the Group I drug. The available
evidence therefore placed erythromycin and
carbomycin into Group II of the above
scheme. A paper by Rantz and Randall(12)
published while this work was in progress like-
wise places ervthromycin into Group II. Ex-
periments are in progress to confirm this in
2itro classification by results of treatment of
experimental infections.

There are two principal reasons for the
clinical simultaneous use of 2 antimicrobial
drugs in treating an infection due to a single
microbial species(6,13): a) One antimicrobial
drug delays the emergence of variants re-
sistant to the other drug. b) The bactericidal
rate or bacteriostatic effect of the drug mix-
ture is far greater than that of either drug
alone in comparable concentration. It had al-
ready been shown that the addition of Group
I drugs to erythromycin or carbomycin delays
the emergence of resistant variants which tend
to shorten greatly the useful length of drug
administration(5). The work presented here
classifies erythromycin and carbomycin with
other Group II agents and indicates that on
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occasions striking synergism with Group I
drugs may be encountered. Using a survey
technic to be reported later, both erythromy-
cin and carbomycin showed some form of
positive summation of action in combination
with Group I drugs against 11 strains of re-
cently isolated M. pyogenes. The antagonism
between these agents and Group I antibiotics,
as with other Group II drugs, is probably of
limited clinical significance for reasons de-
scribed elsewhere(6). Therefore, it appears
that use of erythromycin and carbomycin in
combination with other antimicrobial agents
deserves consideration.

Summary. With respect to their behavior
in combinations with other antibiotics, as
measured by bactericidal rate in vitro, eryth-
romycin and carbomycin fall in a group with
aureomycin, chloramphenicol and terramycin.
The classification of these agents in a tenta-
tive scheme of combined antibiotic action is
discussed in terms of laboratory tests and clin-
ical application.
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