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Seventeen clinical isolates of group C streptococci were tested for penicillin
tolerance. Sixteen of the strains showed penicillin tolerance with a 32-fold or

greater difference between the minimal inhibitory concentration and the minimal
bactericidal concentration. Synergism was demonstrated with a combination of
penicillin and gentamicin for all 17 strains tested. The rate of antibiotic killing
was measured for five of the streptococcal strains by using the combination of
penicillin and gentamicin. All isolates were killed within 5 h with the combination,
but viable organisms were recovered after 48 h when either drug was used alone.
Our study suggests that penicillin tolerance with group C streptococci may occur

frequently and may account for the poor outcome of serious group C streptococcal
infections tested with penicillin alone.

Although strains of group C streptococci are
commonly associated with animal infections, the
organism has been recovered from the skin, nose,
throat, and vagina of healthy people (3, 16) and
has been associated with puerperal, skin, and
wound infections (6, 7), tonsillitis (1), glomeru-
lonephritis (11), cellulitis (12), pulmonary infec-
tion, urinary tract infection, bacteremia (5), en-
docarditis (13), and meningitis (9, 10, 18) in
humans. Recently, we reported the first case of
penicillin-tolerant group C streptococcal endo-
carditis (13). Because published reports, includ-
ing our own, suggest that the morbidity and
mortality of serious group C streptococcal infec-
tions such as endocarditis and meningitis are
excessively high despite seemingly adequate
therapy (10, 13), we studied other clinical iso-
lates of this organism to see whether penicillin
tolerance was a common occurrence and thus
could account for the poor outcome of serious
infections caused by group C streptococci.

MATERIALS AND METHODS
Isolates. Seventeen strains of group C streptococci

were isolated from different patients. There were two
blood isolates, two cervical isolates, nine throat iso-
lates, one nasal isolate, and three isolates from infected
leg ulcers. The organisms were identified by the Lance-
field hot acid antigen extraction technique, followed
by tube precipitation grouping with Lancefield group
C antiserum.

Studies of antibiotic action. (i) Choice of me-
dium. Ofthe 17 strains tested, 12 grew well in tryptone
soya broth (Oxoid Ltd.) and Mueller-Hinton broth
(Difco Laboratories), with some variation in opacity

after overnight incubation. Five of the strains grew
poorly in both media tested, with minimal and irreg-
ular opacity after overnight incubation. Both media
were judged to be inadequate for assays of kinetics of
antibiotic killing.
A search for a medium giving equal and adequate

growth for all 17 strains was undertaken; nutrient
broth (Oxoid) supplemented with 20% horse serum
(HSNB) satisfied the growth requirements.
A comparison of the minimal inhibitory concentra-

tion (MIC) determination for penicillin for the 12
strains that grew well in tryptone soya broth with
corresponding MIC determinations conducted in
HSNB after an 18-h incubation showed either identi-
cal results or, occasionally, a one-dilution difference.

(ii) Duration of incubation. Five of the isolates
which grew uniformly in both tryptone soya broth and
HSNB were used to assess the effect on the MIC of
penicillin of changing the duration of incubation from
18 to 24 h. When tryptone soya broth was used as the
growth medium, the MIC and minimal bactericidal
concentration (MBC) determinations showed consid-
erable variation for the endpoints, depending on
whether an 18- or a 24-h incubation was used.
When HSNB was used as the growth medium, it

was found that there was no change in either the MIC
or the MBC endpoint readings.
The determination of the MIC and the MBC of

penicillin reported in this article was conducted at
both 18- and 24-h subcultures, and no difference was
found for any of the 17 strains tested.

(iii) MICs and MBCs. The MICs of penicillin and
gentamicin for all 17 isolates were determined with
the doubling-dilution tube technique. HSNB, which
supported adequate growth of all the isolates, was
used as the diluent. Stock solutions of penicillin (100
U/ml; Glaxo) and gentamicin (50 ytg/ml; Schering
Corp.) were prepared from a reference powder of
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known activity provided by the manufacturer. Sam-
ples of 10 ml in HSNB were stored at -20°C until
needed. Doubling dilutions in 1-ml volumes com-
menced for the penicillin series at 10 U/ml and for the
gentamicin series at 20 jig/ml. An inoculum of the
streptococcal isolate in the log phase of growth was
added to each tube to achieve a final concentration of
105 (±1003) colony-forming units per ml. The endpoint
(least concentration of antibiotic required to inhibit
growth) was read after 18 h of incubation at 37°C.
The MBC was determined by subculturing 0.1-ml

volumes in triplicate from each tube failing to show
growth onto the surface ofblood-agar (5% horse blood-
Columbia agar; Oxoid CM 331) incubated aerobically
for 18 h at 370C. The MBC was defined as the least
amount of antibiotic which resulted in 99.9% kill.

(iv) Bactericidal synergy. The isolate in the log
phase of growth was added to each of four tubes
containing, respectively, penicillin (at a concentration
of one-fourth of the MBC for the isolate), gentamicin
(at a concentration of one-fourth of the MBC), a
combination of both antibiotics, and no antibiotic. The
latter tube served as the growth control. The final
density of organisms was adjusted to 105 (±1003) col-
ony-forming units per ml. After incubation for 18 h at
37°C, 0.1-ml subcultures from each tube were made in
triplicate onto the surface of blood-agar plates which
were incubated for a further 18 h at 37°C. Bacterial
synergy was regarded as demonstrated if there was an
absence of growth only in the subcultures of those
tubes containing the antibiotic combination.
A synergistic effect was therefore defined under the

conditions of this test as a complete kill resulting from
the combination of the antibiotics at a concentration
of one-fourth of the minimum required to kill the
organism when the antibiotic was used alone (14, 17).

(v) Kinetics ofbactericidal action. Timed-killing
assays were performed on five of the streptococcal
isolates by using penicillin and gentamicin, singly and
in combination, at serum-achievable levels. Gentami-
cin was chosen for this purpose, as it is the most
frequently used amninoglycoside in our hospital.
Technique. To each of four tubes of 20 ml of

HSNB containing, respectively, 10 U of penicillin per
ml, 5 ,ug of gentamicin per ml, the combination of the
two antibiotics, and no antibiotics (growth control), an
inoculum of streptococci in the log phase of growth (4-
h culture) was added to achieve a final density of 1069
(±1002) colony-forming units per ml.
The tubes were incubated aerobically at 37°C for

48 h. At 0, 1, 3, 5, 6, 24, and 48 h, 0.5-ml volumes were
withdrawn, and the bacterial numbers were estimated
by the Miles and Misra surface viable counting tech-
nique (8). Each sample was decimally diluted sixfold
in HSNB (dilution range, 10' to 106 of the original
sample). Each decimal dilution was further subcul-
tured in volumes of 0.1 ml plated in triplicate onto the
surface of blood-agar plates, which were then incu-
bated aerobically for a further 18 h at 37°C. Counts
were made from those plates in which colony numbers
fell in the range of 30 to 200 per plate. At 0, 1, 3, 5, 6,
24, and 48 h, 0.1-ml volumes were obtained in duplicate
from the original 4-h tube cultures. One sample was
plated onto the surface of blood agar, and the other
sample was inoculated into 25 ml of HSNB. Killing
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was defined as present if both subcultures showed <10
colony-formjng units per ml after 18 h of incubation.

RESULTS
MICs and MBCs. The MICs of penicillin for

all 17 strains tested fell in the range of 0.02 to
0.15 U/ml. The MBCs of penicillin were in the
range of 0.6 to 10 U/ml (Table 1).
The MBC/MIC ratio, with one exception

(strain 15), ranged from 32- to 512-fold, clearly
demonstrating penicillin tolerance for 16 of the
17 strains tested (15).
Bactericidal synergy. The incubation of

each strain in concentrations of penicillin or
gentamicin equivalent to one-fourth of their re-
spective MBCs resulted in bacterial growth.
When the identical concentrations of both anti-
biotics were used in combination, there was no
bacterial growth in any of the 17 strains of group
C streptococci tested, clearly demonstrating syn-
ergism of penicillin and gentamicin.
Kinetics of bactericidal action (killing ki-

netics). Timed-killing assays were performed on
five isolates of the group C streptococci (Table
2). Killing was complete within 5 h when a

combination of penicillin (10 U/ml) and genta-
micin (5 ,g/ml) was used, but viable organisms
were recovered in all samples after an incubation
of up to 48 h when these drugs were used indi-
vidually. All five strains tested had similar killing
curves, and a combined curve showing the re-

duction in bacterial numbers with respect to
time is shown in Fig. 1.

DISCUSSION
Group C streptococcus is a rare cause of seri-

TABLE 1. MIC andMBC ofpenicillin G for 17
strains ofgroup C streptococci

Penicillin Gentamicin
strain no. (G U/ml) MBC/MIC (jtg/ml)ratio

MIC MBC MIC MBC

1 0.04 10 256 5 5
2 0.04 10 256 5 5
3 0.04 10 256 5 5
4 0.08 10 128 5 5
5 0.02 0.6 32 10 20
6 0.08 10 128 5 5
7 0.04 10 256 5 5
8 0.04 10 256 5 5
9 0.04 10 256 5 10
10 0.15 10 64 5 10
11 0.04 5 125 5 5
12 0.02 10 512 2.5 10
13 0.04 2.5 64 5 5
14 0.08 10 128 5 5
15 0.15 0.6 4 5 10
16 0.15 10 64 5 10
17 0.04 2.5 64 10 10
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TABLE 2. Averaged timed-killing assays for five
strains (2, 4, 11, 13, and 16) ofgroup C streptococci
in the presence ofpenicillin G, gentamicin, and a

combination of antibiotics
No. of bacteria (logs/ml)

Incubation Penicillin G Gentamicin
time (h) (10 U/ml) (5 Sg/ml) Combiation

Avg Range Avg Range Avg Range

0 6.9 ±0.2 6.9 ±0.2 6.9 ±0.2
1 6.1 ±1.0 6.6 ±0.6 5.4 ±0.5
3 5.7 ±0.6 5.7 ±1.1 2.3 ±2.3
5 5.4 ±1.1 4.5 ±1.8 0
6 5.1 ±1.0 3 ±1.7 0

24 1.7 ±0.3 2.9 ±1.6 0
48 1.0 ±0.05 3.1 ±2.0 0
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FIG. 1. Averaged timed-killed curves of five
strains of group C streptococci in the presence of
penicillin G, gentamicin, and a combination ofpeni-
cillin and gentamicin.

ous infection in humans. To date, there have
been 12 reported cases of endocarditis (13) and
3 cases of meningitis (10, 18) due to this orga-
nism. Despite seemingly adequate antibiotic
therapy, group C streptococcal endocarditis usu-

ally follows an acute destructive course with a

high morbidity and mortality. Similarly, group
C streptococci have been responsible for severe

cases of meningitis with various neurological
complications and sequelae. In most of these
case reports, treatment was based on the results
of disk sensitivity testing alone or MIC deter-
minations. Sabath and colleagues (15) described
a new type of penicillin resistance of Staphylo-
coccus aureus. These organisms were defined as

having a low MIC, but an MBC of 32-fold or

greater than the MIC. In 16 of the 17 strains of
group C streptococci tested, the MBC was at
least 32-fold or greater than the MIC of penicil-
lin. A synergistic effect of penicillin with genta-
micin was demonstrated in all of the strains

tested. Killing kinetic studies showed rapid total
killing of the organims tested within 5 h when
both antibiotics were used together, as compared
with a survival time of the streptococci of 48 h
when each antibiotic was used alone (Table 2).
The clinical significance of penicillin tolerance

is still debatable (4). Denny and colleagues (2)
noted that, in serious staphylococcal infections,
4 of 10 patients treated with bacteriostatic anti-
biotics died, and cultures remained positive for
a mean of 6.1 days, as compared with no death
and sterile cultures after a mean of 1.3 days in
patients treated with bactericidal antibiotics.
Our study suggests that penicillin tolerance

with group C streptococci occurs commonly and
may explain the poor outcome of serious group
C streptococcal infections treated with penicillin
alone. Penicillin-gentamicin synergism and the
accelerated killing of the streptococci in vitro
with this antibiotic combination may have clin-
ical relevance. We therefore recommend that,
for serious group C streptococcal infections, the
MBC for penicillin be determined and that, for
initial therapy of serious beta-hemolytic strep-
tococcal infections, the use of gentamicin in ad-
dition to penicillin be considered pending appro-
priate in vitro susceptibility results.
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