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Josamycin, a new macrolide antibiotic, was compared with ampicillin, eryth-
romycin, and clindamycin in vitro against 25 isolates each of pneumococci,
enterococci, Staphylococcus aureus, S. epidermidis, and nonenterococcal hemo-
lytic streptococci and against 25 anaerobes including 10 Bacteroides fragilis.
Minimal inhibitory concentration and minimal bactericidal concentration data
were obtained for the aerobic organisms, using serial twofold tube dilutions in
Mueller-Hinton broth. Minimal inhibitory concentrations were determined for
the anaerobes by the agar dilution technique. Josamycin was comparable to
erythromycin and clindamycin in activity against the pneumococci, streptococci,
and staphylococci and was more active than clindamycin against enterococci. It
was somewhat less active than ampicillin against enterococci and S. epidermi-
dis and showed its greatest in vitro activity against anaerobes, being compara-
ble to clindamycin.

Josamycin is a new macrolide antibiotic pro-
duced by Streptomyces narbonensis var. josa-
myceticus. It has been reported to have antibac-
terial activity similar to that of other macrol-
ides, such as erythromycin, and similar to that
of cindamycin. Its antibacterial spectrum in-
cludes many of the aerobic gram-positive cocci
and mycoplasma, and it has some activity
against anaerobic organisms (6).
Josamycin appears to be well tolerated and

without serious toxicity. Achievable concentra-
tions in serum after oral administration ofjosa-
mycin compare favorably with those obtained
with erythromycin stearate; the average peak
concentration is 1 to 2 ug/ml after a single oral
dose of 600 mg (2, 4, 6).
Because of the potentially serious side effects

and toxicities of the two currently available
antibiotics that have good activity against an-
aerobes, namely, chloramphenicol and clinda-
mycin, any new antibiotic that shows signifi-
cant activity against common anaerobic patho-
gens may be worth investigation. Thus we
studied the efficacy of josamycin in vitro
against several different groups of organisms
isolated from clinical specimens, including
aerobic and anaerobic strains, and compared it
with erythromycin, clindamycin, and ampicil-
lin.

MATERIALS AND METHODS
Bacterial isolates. We tested 25 isolates each of

enterococci, pneumococci, Staphylococcus aureus, S.

epidermidis, and nonenterococcal hemolytic strepto-
cocci, which included 11 alpha-hemolytic and 14
group A beta-hemolytic streptococci. Twenty-five
anaerobic isolates were also tested (Table 1). All
aerobic and anaerobic organisms were isolated from
human clinical specimens, and all were considered
to be clinically significant pathogens. Enterococci
were identified by characteristic appearance on PSE
plates and by ability to grow in 6.5% saline and SF
Media (Difco). Pneumococci were differentiated
from other alpha-hemolytic streptococci by optochin
disk susceptibility. Group A streptococci were iden-
tified by low-concentration bacitracin disk suscepti-
bility. S. aureus isolates were differentiated from S.
epidermidis by their ability to ferment mannitol
anaerobically, by coagulase production, and by acid
production on mannitol salt agar aerobically (1).
Anaerobes were identified by the Virginia Polytech-
nic Institute method (7).

Susceptibility testing. Antibiotic susceptibility of
the aerobic organisms was determined by serial two-
fold tube dilutions utilizing Mueller-Hinton broth.
The enterococcal and staphylococcal inocula were
prepared by using a 1:1,000 dilution of an overnight
broth culture, with inoculum preparations averag-
ing 2.3 x 105 organisms/ml. The pneumococcal and
hemolytic streptococcal inocula were prepared from
overnight cultures in Mueller-Hinton broth and
were diluted using a spectrophotometer to give a
concentration of 105 organisms/ml. A 0. 1-ml amount
of inoculum was pipetted into each tube containing 1
ml of a serial twofold dilution of the antibiotic. The
tubes were incubated overnight, and the lowest con-
centration showing no turbidity was considered the
minimal inhibitory concentration (MIC). An aliquot
of 0.03 ml was taken by a calibrated loop from each
of the clear tubes, streaked onto blood agar plates,
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and incubated overnight. The lowest concentration
representing 95% kill or showing less than five colo-
nies on subculture was considered the minimal bac-
tericidal concentration (MBC).

Susceptibility testing of the anaerobic bacteria
was performed using the agar dilution technique (7,
8). The inocula were prepared in modified thiogly-
collate medium enriched with 5 lAg of hemin per ml,
one ug ofNaHCO3 per ml, and 0.5 ,ug of menadione
per ml. The inocula were incubated for 6 h when
fast-growing and overnight when slow-growing or-
ganisms were under test and then diluted in Bru-
cella broth to a turbidity of a no. 1 MacFarland
standard. The inoculum was applied with a modified
Steers replicator to plates containing serial twofold
dilutions of the antibiotic prepared with 5% laked
sheep blood and 0.5 ,ug of menadione per ml. The
plates were incubated at 37 C in GasPak jars, and
the MICs were read at 48 h.

RESULTS
Table 2 summarizes the MIC and MBC data

on josamycin obtained with all organisms
tested. Tables 3, 4, and 5 show the same data

TABLE 1. Anaerobic organisms tested

Organism No. of isolates

Bacteroides fragilis 10
B. capillosus 1
Acidaminococcus fermentans 1
Fusobacterium symbiosum 1
Peptococcus saccharolyticus 3
P. asaccharolyticus 1
Clostridium perfringens 5
C. tertium 1
Clostridium sp. 1
Peptostreptococcus micros 1

for clindamycin, erythromycin, and ampicillin,
respectively.
Pneumocci. Figure 1 shows the MIC data for

25 isolates of pneumococci. Josamycin showed
good activity against 100% of the isolates; they
were inhibited by 0.2 ,g or less per ml. Clinda-
mycin was the most active of the antibiotics;
100% were inhibited by 0.025 gg/ml. Erythro-
mycin and ampicillin showed very similar re-
sults, with 100% ofthe isolates inhibited by 0.39
,ug of ampicillin per ml and 0.78 ,g of erythro-
mycin per ml. The MBCs were determined (Ta-
bles 2 through 5), and josamycin at 0.39 ,ug/ml
showed bactericidal activity against 100% ofthe
isolates. Clindamycin at 0.05 ug/ml was bacte-
ricidal for 100% of the isolates, and ampicillin
and erythromycin were bactericidal for 100% of
the isolates at concentrations of 0.78 and 1.56
jig/ml, respectively.
Hemolytic streptococci. Eleven isolates of

alpha-hemolytic streptococci and 14 isolates of
group A beta-hemolytic streptococci were
tested. Figure 2 shows the combined cumula-
tive percentage of the organisms inhibited by
each of the antibiotics. Josamycin showed good
activity against the streptococci, with 100% in-
hibited by 0.39 ,g/ml. Clindamycin and eryth-
romycin were most active, with 100% of the
isolates inhibited by 0.05 ,g/ml. Ampicillin
was intermediate in activity, with 100% of
strains susceptible to 0.2 ,ug/ml. Josamycin and
ampicillin in a concentration of 0.78 ,ug/ml
were bactericidal for 100% of the isolates. Clin-
damycin and erythromycin at 0.2 ,g/ml showed
bactericidal activity for 100% of the isolates.

Enterococci. With clindamycin, erythromy-

TABLE 2. Cumulative percentage of aerobic and anaerobic isolates inhibited (MIC) or killed (MBC) by
varying concentrations ofjosamycin

Determi- % Inhibited or killed at concn (,ug/ml) of:
nation 0.006 0.012 0.025 0.05 0.10 0.20 0.39 0.78 1.56 3.12 6.25 12.5 25 50 >100

Pneumococci MIC 4 12 84 100
MBC 4 44 88 100

Enterococci MIC 8 28 76 80 84 100
MBC 4 20 28 40 48 64 76 100

Streptococci MIC 4 24 92 100
MBC 4 64 92 100

S. aureus MIC 28 76 96 100
MBC 8 48 72 80 84 88 100

S. epidermidis MIC 8 12 20 88 100
MBC 16 68 76 84 88 100

Anaerobes, all MIC 16 24 36 84 96 100
B. fragilis MIC 10 30 50 90 100
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TABLE 3. Cumulative percentage ofvarious aerobic and anaerobic isolates inhibited (MIC) or killed (MBC)
by varying concentrations of clindamycin

Isolate Determi- % Inhibited or killed at concn (,ug/ml) of:
nation 0.006 0.012 0.025 0.05 0.10 0.20 0.39 0.78 1.56 3.12 6.25 12.5 25 50 >100

Pneumococci MIC 36 72 100
MBC 16 44 88 100

Enterococci MIC 8 84 100
MBC 32 40 100

Streptococci MIC 12 16 76 100
MBC 8 16 24 76 88 100

S. aureus MIC 12 84 96 100
MBC 4 16 20 32 48 68 76 92 96 100

S. epidermidis MIC 88 100
MBC 8 40 52 64 72 84 88 100

Anaerobes, all MIC 40 48 64 68 88 9% 100
B. fragilis MIC 30 60 90 100

TABLE 4. Cumulative percentage of various aerobic and anaerobic isolates inhibited (MIC) or killed (MBC)
by varying concentrations oferythromycin

Determi- % Inhibited or killed at concn (Ag/ml) of:Isolate ntonation 0.006 0.012 0.025 0.05 0.10 0.20 0.39 0.78 1.56 3.12 6.25 12.5 25 50 >100

Pneumococci MIC 88 60 88 92 96 100
MBC 16 52 80 92 100

Enterococci MIC 4 24 64 80 84 100
MBC 4 24 48 68 80 100

Streptococci MIC 24 76 100
MBC 12 24 68 88 100

S. aureus MIC 4 28 88 92 96 100
MBC 4 8 20 32 52 68 72 84 88 100

S. epidermidis MIC 12 72 88 100
MBC 4 8 28 32 44 60 80 88 100

Anaerobes, all MIC 8 20 24 48 76 96 100
B. fragilis MIC 40 50 90 100

cin, andjosamycin, there were significant num-
bers of resistant organisms at achievable blood
level concentrations (Fig. 3). At 1.56 ,g/ml,
80% were inhibited by erythromycin and 76%
were inhibited by josamycin. Clindamycin was
least active, with 8% inhibited by 6.25 ,g/ml.
All isolates were inhibited by ampicillin at 3.12
Mg/ml. At 1.56 ,ug/ml, erythromycin was bacte-
ricidal for only 4% and josamycin was bacteri-
cidal for 20% of strains. Clindamycin at that
concentration was bactericidal for none of the
isolates. Ampicillin was bactericidal for 52% at
a concentration of 3.12 ug/ml.
Staphylococci. Figure 4 shows the data ob-

tained with 25 isolates of S. epidermidis. Clin-

damycin was the most active, and 0.1 ,g/ml
inhibited 88% of strains. At 1.56 ug/ml, 88% of
the isolates were inhibited by josamycin and
100% were inhibited by ampicillin. Erythromy-
cin inhibited 88% of the isolates at 0.39 ,ug/ml.
Twelve percent of these isolates were not in-
hibited by greater than 100 ug of clindamycin,
erythromycin, or josamycin per ml. At 1.56 ,ug/
ml, josamycin was bactericidal for 16%, clinda-
mycin for 72%, erythromycin for 32%, and am-
picillin for 84% of strains.
Clindamycin was more active in lower con-

centrations than erythromycin, josamycin, or
ampicillin against S. aureus (Fig. 5). Ninety-
six percent of strains were inhibited by clinda-
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TABLE 5. Cumulative percentage of various aerobic and anaerobic isolates inhibited (MIC) or killed (MBC)
by varying concentrations of ampicillin

Determi- % Inhibited or killed at concn (,ug/ml) of:
Isolate ntoIenatin 0.006 0.012 0.025 0.05 0.10 0.20 0.39 0.78 1.56 3.12 6.25 12.5 25 50 >100

Pneumococci MIC 16 40 68 80 88 92 100
MBC 12 16 56 76 80 92 96 100

Enterococci MIC 24 96 100
MBC 8 40 52 100

Streptococci MIC 8 24 64 72 96 100
MBC 8 12 56 64 96 100

S. aureus MIC 8 24 52 84 92 96 100
MBC 4 12 36 56 72 80 84 92 96 100

S. epidermidis MIC 32 80 88 100
MBC 28 48 56 68 84 88 96 100

Anaerobes, all MIC 36 40 44 52 56 60 64 68 76 100
B. fragilis MIC 10 20 40 100
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FIG. 1. Susceptibility of 25 isolates of pneumo-
cocci to varying concentrations ofampicillin, erythro-
mycin, clindamycin, andjosamycin.
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FIG. 2. Susceptibility of25 isolates of alpha- and
beta-streptococci to varying concentrations of ampi-
cillin, erythromycin, clindamycin, andjosamycin.
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FIG. 3. Susceptibility of25 isolates of enterococci
to varying concentrations of ampicillin, erythromy-
cmn, clindamycin, and josamycin.

mycin at 0.2 ,ug/ml, whereas 4% were resistant
to greater than 100 ,ug/ml. Erythromycin in-
hibited 88% of the isolates at 0.39 ug/ml. Josa-
mycin inhibited 76% at 1.56 ,ug/ml, whereas
ampicillin inhibited 92% at 1.56 jig/ml. At a
concentration of 1.56 ,g/ml, clindamycin was
bactericidal for 68%, ampicillin for 72%, eryth-
romycin for 32%, and josamycin for 8%.
Anaerobes. Table 1 shows the identification

of the anaerobic strains tested. A heteroge-
neous group was used, but 10 of the 25 isolates
were Bacteroides fragilis. Figure 6 and Tables
2 through 5 summarize the antibiotic concen-
trations required for inhibition of all the anaer-
obic isolates. Josamycin and clindamycin were
the most active, with 96% of the isolates in-
hibited by 1.56 jig of either antibiotic per ml.
The one organism resistant to more than 1.56
,ug of clindamycin per ml was a strain of Clos-
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FIG. 4. Susceptibility of 25 isolates of S. epider-
midis to varying concentrations ofampicillin, eryth-
romycin, clindamycin, and josamycin.
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FIG. 5. Susceptibility of25 isolates ofS. aureus to

varying concentrations of ampicillin, erythromycin,
clindamycin, andjosamycin.
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FIG. 6. Susceptibility of25 isolates ofanaerobes to
varying concentrations of ampicillin, erythromycin,
clindamycin, and josamycin.

tridium tertium; its MIC to clindamycin was

6.25 pg/ml and its MIC to josamycin was 0.78
/g/ml. Erythromycin was less active; in a con-

centration of 1.56 ,ug/ml, it inhibited 76% of the
strains. Ampicillin was less active and 40% of
the strains were resistant to the same concen-
tration.
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FIG. 7. Susceptibility of10 isolates ofB. fragilis to
varying concentrations of ampicillin, erythromycin,
clindamycin, and josamycin.

Since Bacteroides sp. is one of the more com-
mon clinical anaerobic pathogens, the data
from the 10 B. fragilis isolates were extracted
and analyzed separately (Fig. 7). Both clinda-
mycin and josamycin were active against B.
fragilis, and at a concentration of 0.78 ,ug/ml
both inhibited 90% of the isolates. There was
one relatively resistant strain that was suscep-
tible to 1.56 ,ug of clindamycin per ml and 12.5
,ug ofjosamycin or erythromycin per ml, but it
was the only B. fragilis isolate that was sensi-
tive to 1.56 ,ug of ampicillin per ml. Erythromy-
cin was less active than clindamycin orjosamy-
cin; at 1.56 ,ug/ml it inhibited 50%. Ampicillin
again was less active and only 10% were suscep-
tible to 1.56 ug/ml.

DISCUSSION
Although josamycin has been tested exten-

sively in Japan in vitro and in clinical trials,
there has been very little work with this anti-
biotic in the United States or Europe (2, 3, 4).
Its main use in countries where it is available
for clinical use has been as an alternative to
penicillins for infections caused by gram-posi-
tive cocci. However, very little information is
available concerning the activity of josamycin
against anaerobes either in vitro or in vivo.
Based on our own data, josamycin, however,

appears to have good in vitro activity against a
variety of aerobic gram-positive cocci. In gen-
eral, at concentrations of the antibiotic achiev-
able in vivo, josamycin is comparable to clinda-
mycin and erythromycin in its ability to inhibit
the growth of pneumococci and other hemolytic
streptococci. Josamycin and erythromycin
showed comparable activity against entero-
cocci, and, although they both were ineffective
against a significant percentage of resistant

CIO

I I



JOSAMYCIN AGAINST AEROBES AND ANAEROBES 993

strains, they appeared to be far superior to
clindamycin in their in vitro activity. Josamy-
cin was comparable to erythromycin and clin-
damycin in its activity against both S. aureus
and S. epidermidis, although it was somewhat
less active than ampicillin against S. epidermi-
dis and enterococci. Josamycin, like the other
macrolide antibiotics, was primarily bacterio-
static in vitro against aerobic organisms, as
shown by the wide separation between MIC and
MBC for most isolates.

It is known that the in vitro activity of ma-
crolides in general and erythromycin specifi-
cally decreases with lower pH and increasing
concentrations of C02 (5). The Japanese data
suggest that this occurs with josamycin as well
(6). Since our anaerobic testing was done under
increased C02 tension, it is possible that the
anaerobic isolates would show greater suscepti-
bility to erythromycin and josamycin under
physiological conditions than our data would
indicate. Nevertheless, josamycin showed its
greatest activity against anaerobic bacteria,
being quite similar to clindamycin in vitro
against clinically significant anaerobes, includ-
ing B. fragilis. It showed significantly greater
activity than either erythromycin or ampicillin
against common anaerobic pathogens.
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