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The susceptibility of 100 group B streptococci to 16 ,-lactam antibiotics was
tested by agar dilution. Penicillin G and N-formimidoyl thienamycin were the
most active agents tested, both having a 90% minimal inhibitory concentration
(MIC90) of 0.06 ,ug/ml. Ceftriaxone, cefotaxime, cefamandole, and SCH 29482
were almost as active, all having an MIC90 of 0.12 ,ug/ml, and ampicillin,
cephalothin, and mezlocillin all had an MIC%0 of 0.25 ,ug/ml. The MIC90 for
piperacillin, cefoperazone, and ceftazidime was 0.5 jig/ml. Least active were
carbenicillin, ticarcillin, cefoxitin, and moxalactam, with MIC9os of 1, 2, 4, and 8
pug/ml, respectively. No penicillin-tolerant strains were detected.

Group B streptococci (Streptococcus agalac-
tiae) are a major cause of neonatal meningitis,
and currently recommended therapy is a penicil-
lin either alone or in combination with an amino-
glycoside. The potential for use of new 1-lactam
antibiotics in the treatment of neonatal meningi-
tis caused by group B streptococci was investi-
gated by determining the minimal inhibitory
concentrations (MICs) of selected P-lactams
against isolates of group B streptococci.
One hundred clinical isolates of group B strep-

tococci, obtained from blood or cerebrospinal
fluid (CSF) of pediatric patients in Buffalo,
N.Y., Cleveland, Ohio, and Pittsburgh, Pa. (64
strains) or from adult carriers in Cleveland (36
strains), were used in this study. The identity of
all isolates as group B streptococci was con-
firmed by Lancefield grouping with a coagglutin-
ation technique (Phadebact) (3).
The antimicrobial agents used were cefopera-

zone (Pfizer Inc.); ampicillin (Bristol Labora-
tories); carbenicillin and ticarcillin (Beecham
Laboratories); piperacillin (Lederle Labora-
tories); mezlocillin (Miles Pharmaceuticals);
benzyl penicillin, cephalothin, cefamandole, and
moxalactam (Eli Lilly & Co.); cefoxitin and N-
formimidoyl thienamycin (Merck Institute) cef-
triaxone (Hoffmann-La Roche Inc.); cefotaxime
(Hoechst-Roussel Pharmaceuticals Inc.); cefta-
zidime (Glaxo, Inc.); and SCH 29482 (Schering
Corp.). These agents were supplied as labora-
tory standard powders of known potency, and
stock solutions were made as recommended by
the manufacturers.
MICs were determined by the agar incorpo-

ration method in plastic petri dishes (15 by 100

mm) containing 25 ml of Mueller-Hinton agar
supplemented with 5% sheep blood and incorpo-
rating the above antimicrobial agents in concen-
trations of 0.008 to 256 ,ug/ml in doubling dilu-
tions (13). After pouring, the plates were dried,
wrapped in plastic, and refrigerated at 4°C be-
fore use within 7 days.
For MIC testing, isolates were grown in 2 ml

of Mueller-Hinton broth at 35°C for 3 to 5 h, and
the turbidity was then adjusted to a turbidity
equivalent to that of a 0.5 McFarland barium
sulfate standard with a nephelometer (1R, API;
Analytab Products). Suspensions were further
diluted 1:20 to obtain a final inoculum of 104
organisms per 2 ,u. Plates were inoculated with
a Steers replicator with 3-mm inoculating pins
and inoculated overnight at 35°C in room air.
The MIC was defined as the lowest concentra-
tion of antibiotic completely inhibiting the
growth of each isolate. Quality control was
ensured if results obtained with recommended
controls (13) agreed within 1 doubling dilution
with values published or supplied by manufac-
turers.
Minimal bacterial concentrations (MBCs)

were determined for selected isolates by broth
macrodilution in 1-ml volumes of Mueller-Hin-
ton broth. The MBC was defined as the lowest
concentration of antimicrobial agent at which
.99.9% of the inoculum was killed after over-
night incubation (1). The lowest dilution of anti-
microbial agent with <0.1% of the original in-
oculum was read as the MBC.

Screening for penicillin tolerance. Screening
for penicillin tolerance was performed by tube
macrodilution with the same technique as that
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TABLE 1. MICs of 16 P-lactam antimicrobial agents for 100 strains of group B streptococci

Antimicrobial agent MBC (>g/ml)'
Range Mode 50o 90o

Penicillin G 0.03-0.06 0.03 0.03 0.06 0.03-0.06
N-Formimidoyl thienamycin 0.03-0.06 0.06 0.06 0.06 0.06
Cefamandole 0.06-0.12 0.06 0.06 0.12 0.12-0.25
Ceftriaxone 0.06-0.12 0.12 0.12 0.12 0.12
Cefotaxime 0.02-0.12 0.12 0.12 0.12 0.12
SCH 29482 0.06-0.25 0.12 0.12 0.12 0.12
Ampicillin 0.12-0.25 0.25 0.25 0.25 0.25-0.5
Mezlocillin 0.12-0.25 0.12 0.12 0.25 0.12-0.25
Cephalothin 0.12-0.25 0.25 0.25 0.25 0.25
Piperacillin 0.25-0.5 0.5 0.5 0.5 0.5-1
Cefoperazone 0.12-0.5 0.25 0.25 0.5 0.5-1
Ceftazidime 0.12-0.5 0.25 0.25 0.5 0.5
Carbenicillin 0.5-1 1 1 1 1
Ticarcillin 1-2 2 2 2 2-4
Cefoxitin 2-4 4 4 4 4
Moxalactam 2-8 8 8 8 4-8

a The MBC of penicillin G, obtained by macrodilution testing in Mueller-Hinton broth was determined for 20
strains; those of the other antimicrobial agents (obtained in the same way) were determined for 5 strains.

used for MBC determinations, except only a
single penicillin G concentration was used (final
concentration, 0.2 ,g/ml). The penicillin G con-
centration in broth was assayed by using the
large-plate agar diffusion technique, with Sar-
cina lutea as the indicator organism on Mueller-
Hinton agar incubated at 35°C overnight (14).
The activities of the 16 agents tested against

the 100 strains of group B streptococci are
shown in Table 1. The MICs of penicillin G were
0.03 p,g/ml for 73 strains and 0.06 pg/ml for 27
strains. Penicillin G and N-formimidoyl thiena-
mycin were the most active agents tested, both
having a 90%o MIC (MIC90) of 0.06 ,ug/ml. Cefa-
mandole, ceftriaxone, cefotaxime, and SCH
29482 were almost as active as pencillin G, all
having an MIC90 of 0.12 ,ug/ml. Ampicillin,
mezlocillin, and cephalothin all had an MIC90 of
0.25 pg/ml, and piperacillin, ceftazidime, and
cefoperazone all had an MIC90 of 0.5 ,g/ml.
Least active were carbenicillin, ticarcillin, cef-
oxitin, and moxalatam, which had MIC90s of 1,
2, 4, and 8 pg/ml, respectively. The MICs ob-
tained for each antimicrobial agent were all
within 1 to 2 doubling dilutions, indicating a
homogenous group of strains despite the varia-
tions in sources and sites of isolation. There
were, therefore, no differences among strains
isolated from patients or carriers.
The MBC of penicillin G was determined for

20 strains, and those of other agents were deter-
mined for 5 strains. The MBCs of all agents were
within 1 dilution of the MICs obtained, and the
MICs determined by broth dilution were the
same as those determined by agar dilution (Ta-
ble 1). All 100 strains were screened for penicil-
lin tolerance, but none were found to be tolerant

(the penicillin G concentration of the test broth
was assayed at 0.21 ,ug/ml).
The penicillin MICs obtained in this study

agree with those reported by Baker et al. (2) for
a group of 179 group B streptococci from clinical
isolates throughout the United States (the MIC90
of penicillin obtained in this report was also 0.06
ag/ml). Strains with penicillin MICs of up to 0.8

,ug/ml, as reported by Jokipii and Jokipii (6),
were not found and are presumably rarely de-
tected.

Penicillin tolerance has been described in 4%
of strains of group B streptococci (15). Tolerant
strains had MICs of penicillin that were similar
to those of nontolerant strains (mean MIC, 0.04
,ug/ml), but MBCs of penicillin G were 0.3 to
1.25 pg/ml (mean, 0.6 ,ug/ml) for tolerant strains
as compared with 0.04 to 0.3 ,ug/ml (mean, 0.08
jig/ml) for nontolerant strains (8). None of the
strains used in this study were found to be
tolerant, nor were any in a previous study of 179
strains (2). If strains are tested in tryptose-
phosphate broth, 87% appear to be tolerant, but
the clinical significance of tolerance and of dif-
ferences among results obtained with different
media are unknown (8, 9).

Despite the availability of new and effective
antimicrobial agents for the treatment of life-
threatening bacterial infections, neonatal menin-
gitis continues to be associated with an unac-
ceptable mortality and morbidity rate (11).
Initial treatment is often empirical and has tradi-
tionally relied upon combination chemotherapy
active against the wide range of microorganisms
capable of infecting the neonatal central nervous
system (12). These regimens have serious limita-
tions, including the increasing prevalence of
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ampicillin-resistant microorganisms, the narrow
therapeutic index and poor cerebrospinal fluid
pharmacokinetics of parenterally administered
aminoglycosides, and the toxicity and lack of
bactericidal activity of chloramphenicol. Ac-
cordingly, recent efforts have been directed to-
wards identifying new agents which might prove
efficacious in the treatment of neonatal meningi-
tis.
The new 1-lactam antimicrobial agents, par-

ticularly the third-generation cephalosporins and
the 1-oxa-,-lactam antibiotic moxalactam, are
potentially useful in the treatment of neonatal
meningitis. These agents offer a number of theo-
retical advantages over the traditional combina-
tion regimens used for the initial empirical treat-
ment of neonatal central nervous system
infections. These advantages include a broad
spectrum of antimicrobial activity, a wide thera-
peutic index, and the ability to achieve bacteri-
cidal concentrations in CSF. One potential
shortcoming ofmany of these new agents is their
limited activity against gram-positive microorga-
nisms, including group B streptococci, as com-
pared with those of the penicillins.
Of the penicillins tested, ampicillin has good

CSF penetration (which is independent of men-
ingeal inflammation in neonates) (7) and good
activity against group B streptococci (MIC90,
0.25 ,ug/ml) and is second only to penicillin G
(MIC90, 0.06 ,ug/ml). Ticarcillin can also achieve
CSF levels significantly higher than its MIC90
against group B streptococci and may also be
useful in treating group B streptococcal meningi-
tis. Penicillin was the most active agent studied,
but achievable CSF levels are not very high, and
current practice is to continue its administration
for 10 to 14 days after cultures become sterile to
prevent recurrence of disease in group B strep-
tococcal infections.

Application of in vitro results to patients is
complicated by various factors. CSF concentra-
tions of group B streptococci are often as high as
1 to 108/ml, and MICs of penicillins and chlor-
amphenicol are much higher when an inoculum
of 107/ml rather than 104/mi is used (4). Ampicil-
lin and chloramphenicol show in vitro antago-
nism against streptococci, including group B
streptococci, and their use together may be
contraindicated (15). Penicillin-treated group B
streptococci, however, show increased suscepti-
bility to the bactericidal activity of human poly-
morphonuclear leukocytes (5). The results of the
combination of inoculum, pH, drug antagonism,
and leukocyte effects on the outcome of disease
are difficult to assess.
The range of susceptibility of group B strepto-

cocci to the drugs used in this study was ex-
tremely narrow, and all drugs showed a varia-
tion of only 1 or 2 dilutions in MIC range.

Prediction of susceptibility to these agents can
be made by determination of the MIC of penicil-
lin G, and this determination should be per-
formed on all CSF isolates of group B strepto-
cocci. In addition, MBC determinations should
also provide useful information about tolerance.
At present, clinical information on the new ,-

lactam agents is limited (10). Selected new peni-
cillins and cephalosporins show considerable
potential for the initial therapy of neonatal men-
ingitis of undetermined etiology and may allow
the current dependence on aminoglycosides to
be greatly reduced (16). However, ampicillin
and penicillin G are highly active against group
B streptococci, and therefore, if the etiology is
known to be group B streptococci, these drugs
should not be abandoned in favor of the as yet
unproven third-generation cephalosporins.
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