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In June 1993, the National Committee for Clinical Laboratory Standards (NCCLS) recommended stringent
new interpretive guidelines for antibiotics indicated for Streptococcus pneumoniae meningitis. To assess the
predictive values of the recommended breakpoints, retrospective data were collected from patients who had S.
pneumoniae infections and were treated with cefotaxime monotherapy. Susceptibilities based on the NCCLS
interpretative categories were compared with clinical and bacteriologic outcomes. In 76 evaluable patients, the
most common infections were bacteremia-septicemia (n5 49), meningitis (n5 37), and lower respiratory tract
infection (n 5 14). Under the NCCLS breakpoints proposed in 1993, 55 isolates would have been classed as
susceptible to cefotaxime (MIC, <0.25 mg/ml), 18 would have been classed as intermediate (MIC, 0.5 to 1.0
mg/ml), and 2 would have been classed as resistant (MIC, >2 mg/ml). Of 75 cefotaxime-treated patients for
whom cefotaxime MICs were recorded, 73 were clinically cured or improved (37 of 37 with meningitis and 36
of 38 with other infections). One case of bacteremia and one case of bone-and-joint infection were scored as
therapeutic failures because initial monotherapy had to be modified because of an adverse drug reaction.
Excluding these patients, there were 18 patients infected with S. pneumoniae that would have been classed as
not fully susceptible (i.e., MICs > 0.5 mg/ml); all of these patients were cured or improved. The results of this
analysis demonstrate that successful treatment with cefotaxime did not correlate well with the guidelines for
the susceptibility of pneumococcal isolates to either penicillin or cefotaxime established by the 1993 NCCLS
breakpoint recommendations. Because of this study and other similar findings, the NCCLS adopted more
clinically relevant guidelines in 1994.

Streptococcus pneumoniae is a common cause of bacterial
pneumonia, bacterial meningitis, and acute otitis media (1).
Children (2, 8) and the institutionalized elderly (8, 12) are
particularly susceptible to S. pneumoniae infection. In the
United States, the incidence of pneumococcal meningitis is 1.1
cases per 100,000 population per year, but for infants younger
than 3 to 5 months the incidence is 30 cases per 100,000
population per year and the mortality rate is 10% (8).
For many years, penicillin has been the therapy of choice for

pneumococcal infections. However, resistance to this antibiotic
has been increasing in many parts of the world (1, 5, 7, 16, 26)
Published reports of problematic penicillin-resistant strains
have documented their distribution in locales widely scattered
across the United States: Kentucky, Tennessee (5, 17), Con-
necticut (26), Texas (19), Arkansas (30), New Mexico, Okla-
homa, Massachusetts, Colorado, and Alaska (3). Increasingly,
strains of S. pneumoniae that are resistant to three or more
classes of antibiotics are being reported (7, 16).
Clinicians are often compelled to make antibiotic choices

before susceptibility data are available (25). In the face of the
increasing prevalence of penicillin-resistant strains of S. pneu-
moniae, cefotaxime has been widely used as an empiric treat-

ment for serious infections such as meningitis. It is effective
against most meningitis-causing organisms (S. pneumoniae,
Haemophilus influenzae type b, and Neisseria meningitidis) (31)
and penetrates effectively into cerebrospinal fluid (32).
The current guidelines for penicillin susceptibility estab-

lished by the National Committee for Clinical Laboratory
Standards (NCCLS) for S. pneumoniae are as follows: strains
inhibited by a penicillin concentration of #0.06 mg/ml are
deemed susceptible, strains inhibited by a penicillin concentra-
tion of 0.1 to 1 mg/ml are defined as intermediate, and strains
requiring$2 mg/ml for inhibition are considered resistant (10).
The guidelines for cefotaxime originally recommended by the
NCCLS in 1985 were MICs of #8 mg/ml for strain susceptibil-
ity and MICs of$64 mg/ml for strain resistance (31). However,
in 1993, reports of clinical failure in cases of meningitis due to
strains of S. pneumoniae highly resistant to both penicillin and
cephalosporins (7, 11, 17, 27) prompted the NCCLS to propose
revised susceptibility breakpoints for cephalosporins. For ce-
fotaxime, the breakpoints proposed in 1993 were as follows:
susceptible, MIC # 0.25 mg/ml; intermediate, MIC 5 0.5 to
1 mg/ml; and resistant, MIC $ 2 mg/ml (10, 17).
In 1991 and 1992, a survey of 508 penicillin-susceptible

S. pneumoniae isolates found none that were resistant to cefo-
taxime (6). Furthermore, published data on patients with
S. pneumoniae infections who were treated with cefotaxime
monotherapy do not lend support to the revision in NCCLS
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guidelines and breakpoints proposed in 1993 (29). Our clinical
experience suggested that cefotaxime can cure patients with
pathogens for which the cefotaxime MICs are 0.5 to 1 mg/ml.
Therefore, the present study was performed (i) to assess the
efficacy of cefotaxime against infections by penicillin-resistant
pneumococci and (ii) to assess the appropriateness of both the
therapeutic interpretive guidelines and breakpoints proposed
in 1993 and these revised breakpoints for cefotaxime published
in 1994 by the NCCLS for penicillin-resistant pneumococci,
which are as follows: susceptible, MIC # 0.5 mg/ml; interme-
diate, MIC 5 1 mg/ml; and resistant, MIC $ 2 mg/ml (21).

MATERIALS AND METHODS
The present study is a retrospective analysis (1989 to 1994) of patient charts

from Texas Children’s Hospital, Le Bonheur Children’s Medical Cener, Chil-
dren’s Hospital of Michigan, and Arkansas Children’s Hospital, hospitals where
a high incidence of penicillin-resistant S. pneumoniae infections had been doc-
umented (17, 19, 30). Data from the medical records of 115 patients were
obtained. Medical charts were identified for all patients with systemic infections
that yielded S. pneumoniae as the single pathogen. Charts were then screened.
Patients were deemed evaluable if (i) the infection had been treated with cefo-
taxime alone for at least 2 days regardless of previous or subsequent antibiotic
treatment and (ii) data were available on pneumococcal susceptibility to peni-
cillin and cefotaxime, preferably obtained by either the MIC or the Kirby-Bauer
method or both (15, 18). All institutions utilized the E test for susceptibility
testing. The medical charts of patients who had only simple urinary tract infec-
tions were excluded.
The following information was obtained from the medical records: age, sex,

race, height, weight, initials, medical records number, microbiologic susceptibil-
ity data, clinical diagnosis, signs, symtoms, tests confirming diagnosis, clinical
outcome, bacteriologic outcome, and cefotaxime regimen, including dose, fre-
quency, treatment duration, and any concomitant antibiotics.
The clinical outcome for each patient was graded according to signs, symp-

toms, and test results at the end of cefotaxime therapy, regardless of whether
therapy was subsequently continued with another agent. The clinical response
was considered a cure if all preexisting signs and symptoms of infection resolved
satisfactorily after cefotaxime treatment. The clinical response was considered
improved if signs and symptoms were ameliorated in comparison with those
observed at baseline. If signs and symptoms remained the same or worsened or
if antibiotics had to be changed for any reason after more than 3 days of
treatment, the clinical response was considered a failure. If additional antibiotics
were added to the therapy regimen within the first 2 days of treatment, the case
was considered nonevaluable. Though retrospective analysis of the patients’
clinical charts suggested that two nonevaluable patients may have been infected
with a cefotaxime-resistant strain, their exclusion did not affect the overall results
because both had satisfactory responses to cefotaxime and vancomycin therapy.
The bacteriologic response was considered satisfactory when the causative

pathogen was eradicated as demonstrated by posttreatment culture, when it was
presumed eradicated because clinical resolution of infection precluded follow-up
cultures, or when it was eradicated and a different pathogen appeared but the
patient had no clinical evidence of a new infection.

RESULTS

Seventy-six of the 115 cases submitted for this study were
evaluable. The remaining cases were excluded because other
antibiotics were used concomitantly with cefotaxime. The ex-
cluded cases were reviewed for evidence of infection with a
bacterial strain resistant to cefotaxime. In one excluded men-
ingitis case, vancomycin plus cefotaxime therapy for 7 days
resolved the infection, but the patient’s treatment was com-
pleted with an additional 6 days on penicillin G monotherapy.
For the organism isolated from this patient, the reported ce-
fotaxime sensitivity was #8 mg/ml (an actual endpoint MIC
was not determined) and the penicillin MIC was 0.06 mg/ml. In
another case of meningitis, initial cefotaxime plus vancomycin
therapy for 2 days resolved the infection, but chloramphenicol
was then substituted for cefotaxime for a further 10 days. The
cefotaxime MIC for the bacterial strain isolated from this pa-
tient was 4 mg/ml.
Eighty-eight percent of the evaluable cases were children

under 2 years of age; the oldest patient was 66 years of age.
The male-to-female ratio was 2:1. Among evaluable patients,

the most common types of infections were bacteremia-septi-
cemia (n 5 49) and meningitis (n 5 37) and then lower respi-
ratory tract infection, bone-and-joint infection, intra-abdomi-
nal infection, and one case of otitis media. Bacteremia-
septicemia often occurred in conjunction with other types of
infection. Twelve cases of meningitis and all cases of lower
respiratory tract infection were accompanied by bacteremia-
septicemia. One patient had a three-site infection: meningitis,
lower respiratory tract infection, and septicemia.
All patients had been assessed for the presence of pathogens

before they were treated with cefotaxime. Ninety-seven per-
cent of patients (n 5 74) were infected with S. pneumoniae
alone. The remaining two patients each had one additional
pathogen isolated, Streptococcus viridans in a peritonitis pa-
tient and Staphylococcus epidermidis in a meningitis patient.
Fifty S. pneumoniae isolates were obtained from blood, thirty-
seven were obtained from cerebrospinal fluid, three were ob-
tained from peritoneal fluid, and three were obtained from
bone and/or joint aspirate. The susceptibility to penicillin and
cefotaxime of pneumococcal isolates from each patient was
determined (Table 1). For 81% of isolates (30 of 37) from
meningitis patients and 66% of isolates (25 of 38) from other
infections, cefotaxime MICs were #0.25 mg/ml.
Sixty-eight percent of isolates (n 5 52) were susceptible to

penicillin, 29% were intermediate, and 3% were resistant (Ta-
ble 1). According to the standards proposed by the NCCLS in
1993, 73% of isolates (n 5 55) would have been considered
susceptible to cefotaxime (MIC, #0.25 mg/ml), 24% would
have been considered intermediate (MIC, 0.5 to 1 mg/ml), and
3% would have been considered resistant (MIC, $2 mg/ml). In
contrast, under the new NCCLS guidelines approved in June
1994, 95% of isolates (71 of 75) are considered susceptible to
cefotaxime (MIC, #0.5 mg/ml), 3% are considered intermedi-
ate (MIC, 1 mg/ml), and 3% are considered resistant (MIC,$2
mg/ml).
The cefotaxime dosage, determined by body weight, was 100

to 150 mg/kg/day for 11 patients, 151 to 200 mg/kg/day for 32
patients, 201 to 250 mg/kg/day for 31 patients, and 251 to 300
mg/kg/day for 2 patients. The duration of cefotaxime treatment
was 4 days or less for 15 patients, 5 days for 5 patients, 6 to 7

TABLE 1. Number of pretreatment pneumococcal isolates
(one determination per evaluable patient) by level of

susceptibility to penicillin and cefotaxime

Drug (no. of isolates tested)
and MIC (mg/ml)a

No. of
isolates (%)b

Penicillin (76)
,0.1.......................................................................................... 52 (68)
0.1–1 ......................................................................................... 22 (29)
$2............................................................................................. 2 (3)

Cefotaxime (1993 proposed guidelines) (75)
#0.25........................................................................................ 55 (73)
0.5–1 ......................................................................................... 18 (24)
$2............................................................................................. 2 (3)

Cefotaxime (current guidelines) (75)
#0.5.......................................................................................... 71 (95)
1 ............................................................................................. 2 (3)

$2............................................................................................. 2 (3)
a Data for cefotaxime susceptibility exclude one patient for whom no MIC was

obtained.
bMICs were determined by the E test except for cefotaxime tested against one

isolate. However, the disk zone diameter as determined by the Kirby-Bauer
method was 37.5 mm, suggesting a high level of susceptibility to the antibiotic.
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days for 8 patients, 8 to 10 days for 8 patients, 11 to 14 days for
34 patients, and more than 15 days for 6 patients.
The clinical response rates to cefotaxime are shown in Table

2 according to cefotaxime MIC. The overall improved and cure
rate for evaluable meningitis patients was 100%. Cefotaxime
also yielded a high rate of clinical resolution for pneumococcal
infections other than meningitis. Two nonmeningitis cases
were recorded as failures because the antibiotic regimen had
modified following an adverse drug reaction. The cefotaxime
MIC for the pathogen isolated from one of these patients was
,0.125 mg/ml; for the isolate from the other, the cefotaxime
MIC was 0.5 mg/ml and the penicillin MIC was 4 mg/ml. Ex-
cluding these two dropouts, the clinical response rate (cured
and improved) was 100%. Bacteriologic response was satisfac-
tory (eradicated or presumed eradicated) in all patients. Mi-
crobiologic proof of eradication of the pneumococcus was ob-
tained in 43% of meningitis cases and 58% of other infections
(Table 3). The remaining infections were presumed cured by
virtue of clinical resolution of the symptoms and release from
the hospital.

DISCUSSION

Since S. pneumoniae strains with increased resistance to
penicillin have become more comon (16), the expanded-spec-
trum cephalosporins (e.g., cefotaxime and ceftriaxone) have
been favored for the treatment of serious infections (2). How-

ever, some strains that are highly resistant to penicillin are also
resistant to cephalosporins (22), and a number of clinical fail-
ures with cephalosporins have been reported (11, 20, 27). to
compound the problem, exposure to antibiotics during the few
months prior to a current infection appears to increase the risk
that the current pathogen will be resistant to penicillin (28, 33).
In response to the changing resistance patterns, the NCCLS

considerably lowered the susceptibility breakpoints for expand-
ed-spectrum cephalosporins to levels comparable to those used
for penicillin. In the present study, however, the penicillin and
cefotaxime MICs for the pneumococcal isolates were different;
more isolates were reported to be susceptible to cefotaxime
than to penicillin (Table 1). Furthermore, the overall clinical
response rate (cure and improvement rates) for infections
caused by organisms for which the cefotaxime MIC was ,1
mg/ml was 97%.
Other reports have shown that pneumococcal isolates resis-

tant to penicillin were susceptible to a variety of cephalospo-
rins (23), and cefotaxime has produced good clinical results in
adults with meningitis caused by strains resistant to penicillin
(13). These findings and those of the present study show treat-
ment success with cefotaxime regardless of pneumococcal re-
sistance to penicillin.
In this study, all evaluable infections responded clinically to

cefotaxime treatment regardless of cefotaxime MICs (Table 2),
except two that required modification of therapy because the
patients developed adverse reactions. Tan and colleagues also
demonstrated that pediatric patients with meningitis benefited
clinically from cephalosporin treatment even if the MICS for
the isolates were 0.5 to 1 mg/ml, regardless of penicillin sus-
ceptibility; in their study, no meningitis relapse occurred (29).
These data and the data from the present study imply that
successful clinical outcomes can be obtained with cefotaxime
treatment for infections with isolates for which the MICs are
up to 1 mg/ml. This suggests that the susceptibility breakpoints
proposed in 1993 were unnecessarily stringent. The number of
patients in the present study who were treated for infections
caused by resistant strains of S. pneumoniae (cefotaxime MIC,
$2 mg/ml), is too low to support recommendations for the use
of expanded-spectrum cephalosporins in such cases.
It has been demonstrated that cefotaxime has effective pen-

etration into the cerebrospinal fluid (4, 32). The concentration
of cefotaxime in cerebrospinal fluid after administration of a
dosage of 200 mg/kg/day, similar to the doses used in this study,
ranges from 1.5 to 6.0 mg/ml during the acute phase of men-
ingitis (24). These cefotaxime levels should be more than ad-
equate to eradicate most S. pneumoniae strains.
In the present analysis, all treated cases of meningitis were

cured or improved, though cefotaxime MICs for the pathogens
ranged up to 8 mg/ml. This may be due to the postantibiotic
effect of cefotaxime on gram-positive pathogens or to synergy
with desacetylcefotaxime, the major active metabolite of the
drug. Such effects have been demonstrated in vitro (9, 14). For
patients with pneumococcal meningitis due to isolates for
which the MICs are $2 mg/ml, combination therapy with van-
comycin plus an expanded-spectrum cephalosporin (cefo-
taxime or ceftriaxone) should be standard. In cases in which
the MIC is 1 mg/ml (intermediate), the NCCLS recommends
that maximum doses of cefotaxime be used (21).
Because of this study and other supportive data, the NCCLS

Subcommittee on Antimicrobial Susceptibility Testing ap-
proved the revised breakpoint guidelines in 1994.
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TABLE 2. Clinical response rates of patients according to
cefotaxime MIC for pneumococcal isolates

Infection

No. of clinical respondersa/total patients (%)
by cefotaxime MIC (mg/ml)

#0.5 1 $2 Total

Meningitis 36/36 (100) 0 1/1 (100) 37/37 (100)
Other infections 33/35 (94) 2/2 (100) 1/1 (100) 36/38 (95)
Total infections 69/71 (97) 2/2 (100) 2/2 (100) 73/75 (97)

a Responders are patients classified as cured and improved; the data exclude
one patient for whom no MIC was obtained.

TABLE 3. Bacteriologic response rates of patients according
to cefotaxime MIC for pneumococcal isolatesa

Infection and bacteriologic
response

No. of patients (%) according to
cefotaxime MIC (mg/ml)

#0.5 1 $2 Total

Meningitis
Eradicated 16 (44) 0 0 16 (43)
Presumed eradicated 20 (56) 0 1 (100) 21 (57)
Total bacteriologic
response

36 (100) 0 1 (100) 37 (100)

Other infections
Eradicated 20 (57) 2 (100) 0 22 (58)
Presumed eradicated 15 (43) 0 1 (100) 16 (42)
Total bacteriologic
response

35 (100) 2 (100) 1 (100) 38 (100)

Total infections
Eradicated 36 (51) 2 (100) 0 38 (51)
Presumed eradicated 35 (49) 0 2 (100) 37 (49)
Total bacteriologic
response

71 (100) 2 (100) 2 (100) 75 (100)

a Excludes one patient for whom no MIC was obtained.
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