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Children with meningitis due to Streptococcus pneumoniae isolates that are relatively or fully resistant to
penicillin and have decreased susceptibility to broad-spectrum cephalosporins (MIC, .2.0 ,ug/ml) who have
failed treatment with broad-spectrum cephalosporins have been reported. The National Committee for Clinical
Laboratory Standards has newly revised guidelines indicating that S. pneumoniae isolates associated with
meningitis for which the MICs are .0.5 ,ug/ml should be considered resistant to broad-spectrum cephalospo-
rins. This recommendation is not clearly based on data related to clinical outcome and may be too conservative.
We present data on five children who had S. pneumoniae meningitis due to isolates that were relatively or fully
resistant to penicillin (MIC range, 0.125 to 4.0 ,ug/ml) and had cefotaxime or ceftriaxone MICs of 0.50 to 2.0
,ug/ml. Their clinical courses and outcomes were comparable to those of five children with S. pneumoniae
meningitis due to strains that were relatively or fully resistant to penicillin and were inhibited by cefotaxime
at concentrations of .0.25 ,ug/ml, as well as to those of 25 patients with S. pneumoniae meningitis due to
penicillin-susceptible isolates identified during the same period. Children with meningitis due to S. pneumoniae
with cefotaxime or ceftriaxone MICs of .1.0 ,ug/ml may be adequately treated with these antibiotics. Further
clinical data are required before solid recommendations can be made regarding cephalosporin breakpoints for
S. pneumoniae.

The first case of penicillin-resistant Streptococcus pneu-
moniae meningitis in the United States was reported by Naraqi
et al. (17) in 1974. Additional cases of meningitis caused by S.
pneumoniae relatively resistant (MIC, 0.1 to 1.0 ,ug/ml) or fully
resistant (MIC, >2.0 jig/ml) to penicillin have been reported
over the last 15 to 18 years (1, 6, 10, 11, 14, 20, 21, 23, 26, 27).
The broad-spectrum cephalosporins ceftriaxone and cefo-
taxime are the most commonly recommended antibiotics for
treatment of meningitis due to penicillin-resistant S. pneu-
moniae, although the optimal antibiotic therapy for meningitis
due to penicillin-resistant S. pneumoniae has not been estab-
lished (11, 13, 15, 16, 23, 27). However, over the last 4 years,
children with meningitis due to S. pneumoniae isolates which
have decreased susceptibility to broad-spectrum cephalospo-
rins (MICs, .2.0 ,ug/ml) and who have been unsuccessfully
treated with broad-spectrum cephalosporins have been re-
ported (2-5, 9, 12, 21).
The National Committee for Clinical Laboratory Standards

has established new guidelines stating that S. pneumoniae
isolates associated with meningitis for which the MICs are
-0.5 Lg/ml should be considered resistant to broad-spectrum
cephalosporins. However, this recommendation is not clearly
based on data related to clinical outcome.
We present our experience with five children who had S.

pneumoniae meningitis due to isolates that were relatively or
fully resistant to penicillin (MIC range, 0.125 to 4.0 ,ug/ml) and
had cefotaxime or ceftriaxone MICs ranging from 0.50 to 2.0
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,ug/ml. All were treated with cefotaxime, and their clinical
courses and outcomes were compared with those of five
patients with S. pneumoniae meningitis due to strains that were
relatively or fully resistant to penicillin and were inhibited by
cefotaxime at concentrations of .0.25 ,ug/ml and with those of
25 patients with S. pneumoniae meningitis due to penicillin-
susceptible isolates identified during the same period.

MATERUILS AND METHODS

All clinical isolates of S. pneumoniae recovered from 1
January 1989 to 30 June 1993 in the microbiology laboratories
of Texas Children's Hospital, Houston, and Arkansas Child-
ren's Hospital, Little Rock, were routinely screened for peni-
cillin susceptibility with a 1-Rig oxacillin disk by the Kirby-
Bauer disk diffusion method. Strains which showed a zone of
inhibition less than 20 mm in diameter were considered
possibly resistant to penicillin and underwent additional testing
for confirmation (18). Resistance was confirmed by broth
macrotube dilution with Mueller-Hinton medium supple-
mented with 3% laked horse blood. MIC determination was
accomplished with a final inoculum of 1 x 105 to 3 x 105
CFU/ml. Intermediate resistance to penicillin was defined as
0.1 ,ug/ml < MIC c 1.0 ,ug/ml, and full resistance to penicillin
was defined as a MIC of .2.0 ,ug/ml. Strains with penicillin
MICs of >0.1 ,ug/ml were tested for susceptibility to cefo-
taxime and ceftriaxone by broth macrotube dilution as de-
scribed above.
Approval for a retrospective chart review was obtained from

the respective hospital committees on clinical investigation and
from each patient's private physician. The complete medical
record of each child was reviewed, and data were collected by
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using a standardized form. Information concerning age, gen-
der, race, underlying conditions, cerebrospinal fluid (CSF)
parameters, antibiotic therapy, other possible risk factors, and
outcome was obtained. The charts of children with pneumo-
coccal meningitis whose isolates were susceptible to penicillin
and were identified over the same time period were also
reviewed.
A patient was considered afebrile if his or her rectal

temperature was <38.1°C for 24 h. An acute response to
therapy was considered good if the child became afebrile, signs
and symptoms of the infection resolved, any repeat CSF
cultures were sterile, and no obvious neurologic deficits were
detected at discharge. Hearing testing was performed by
testing auditory brainstem evoked responses prior to discharge
or at follow-up. Children with neurologic sequelae were seen
by a neurologist and were followed up for various lengths of
time.

RESULTS

Ten penicillin-resistant and 25 penicillin-susceptible CSF
isolates were identified. The resistant isolates were divided into
two groups based on their cefotaxime MICs. Five patients were
in a group with cefotaxime MICs of .0.50 jig/ml, and five
patients were in a group with cefotaxime MICs of <0.25 ,ug/ml.
These patients were compared with the 25 patients with CSF
isolates fully susceptible to penicillin. One patient with S.
pneumoniae meningitis and sickle cell disease was moribund on
arrival at the hospital and died 11 h later. The child was not
included in the study. This patient's isolate had a penicillin
MIC of 4.0 pg/ml and a cefotaxime MIC of 2.0 ,ug/ml and was
resistant by ceftizoxime disk screening.

Patients with S. pneumoniae isolates having cefotaxime
MICs of .0.50 ,Ig/ml. Isolates from five patients had penicillin
MICs ranging from 1.0 to 4.0 ,g/ml (Table 1). The mean age
of the patients was 16 months, and 60% of these children were
females. Three of the patients were Caucasian, one was
Afro-American, one was Hispanic, and none had an underlying
condition.
The initial CSF parameters for these patients showed a

mean leukocyte (WBC) count of 1,579/mm3. The mean protein
and glucose concentrations were 219 and 37 mg/dl, respec-
tively. All of the patients had Gram stains positive for gram-
positive cocci and cultures positive for S. pneumoniae.

All of the patients were treated with cefotaxime for a total
dose of 200 to 225 mg/kg/day divided into doses administered
every 6 to 8 h for courses ranging from 10 to 18 days. One
patient each also received ampicillin for 2 days and nafcillin for
4 days. Two patients also received a 4-day course of dexameth-
asone. Three of the patients had positive blood cultures at the
time of admission; all had repeat blood cultures which were
negative within 48 h of the initial positive culture. Three of the
patients had repeat lumbar punctures; two were performed
within 72 h of the initial positive CSF culture, and one was
performed after 14 days. All repeat CSF cultures were nega-
tive. The patients became afebrile within 3 to 6 days, and all
responded well to therapy with no adverse sequelae. Auditory
brainstem evoked response test results were normal for all of
the children.

Patients with S. pneumoniae isolates having cefotaxime
MICs of .0.25 ,ug/ml. The isolates from five patients had
penicillin MICs ranging from 0.125 to 1.0 pg/ml (Table 2).
Their mean age was 41.4 months, and 40% of the patients were
female. Three of the patients were Afro-American, one was
Caucasian, and one was Asian. One child each had non-T,

.D K DID

Ztz.

CD 3CD

O CD

D C

0o0
5~

Ps

o ED'

It

00
C.

O

P_ -

CZce 3

CD
0-

54

_ _

x
rwI XI.
C)r .1C

-4$C.
4- ~
A

-- CA C

-00 _P4-00.

-o1 CN -P .

-4 00

W0en 4 >c4 0. t> oo
-s_O _-_-

.~O .~ . .

oNAA00

oo
O

Q) CL
000

0000 0

_ _ * _ . _ -. _

0 0 0 00

0 0 00 0
= :e z ~:s Zs
cn 9 c) cn n
O ODODOD

r B

0:0 0DC

H

rn

CD

0

CD

CD

0

CD

CD

0

q.

0ID

CD

o

0~

CD

0

0.
3.

-F0

aCd)
T-I

s

'1=
0)

0-

0.

Cd)
C')

"1

V)
0

(D
Po(_
CL
Oq

U)

'0

_D
0

'0
_~
00
0-'

oro
DC

e. =

0. C:
_ V)(D..

0

£ =

- W.

CIT
0. CD
Cd) 0

co

0
0
0
E3
CD



920 TAN ET AL.

VI
0

0

cn

C)
*3

0.2

CZ

0

-o

0

._

-o

C.)

C.

C.)
CO

CO

Ct

0)
S
0

0

.0 CZ
a) -o
0.

LO)0b
0.~a

0-

r.
'A =
E 0

:s u

0

v- ,

n00
0
0'

to

.-0)

mCO
0°

Oo
.0

'& . t

'-

E Cf

E CD
,

= V

.E

C)0=
o6
0.ot°

U E.
z::P
zCZ

v-

0 0) C 00
CO CO ° CO CO

n0. ~.0.
S E- *S

\C'IC*;W)'

\C00 00C1

o o~ 00o

00 00 )0 0

00.-00

o o ,^ C'

'Cl

U U

++ ++

C.) 0000 0

Cl 00 Clm

c n Inoooo0Cl l l I I
- o Cl Cl

InClC ClNl o 0

00

EHZ V
U

- ^0_/ Cl e' ~-I

ANTIMICROB. AGENTS CHEMOTHER.

non-B acute lymphocytic leukemia and congenital hydroceph-
alus.
The initial CSF parameters of these patients showed a mean

WBC count of 1,141/mm3. The mean protein and glucose
concentrations were 123 and 40 mg/dl, respectively. Four of the
five patients yielded CSF specimens that contained gram-
positive cocci.

All patients were initially treated with a broad-spectrum
parenterally administered cephalosporin (one received ceftri-
axone [50 mg/kg/dose every 12 h], and four received cefotaxime
[200 to 225 mg/kg/day divided into doses administered every 6
to 8 h]). In addition, one patient each also received vancomy-
cin, nafcillin, and penicillin. One patient was discharged home
on an additional 7-day course of amoxicillin-clavulanic acid.
Four of the patients had positive blood cultures at the time of
admission; all had repeat cultures within 36 h of the initial
positive culture, and all were negative. Two patients became
afebrile within 24 h, and one each became afebrile at 36 h, 72
h, and 7 days. All patients responded well to therapy, with only
one patient developing mild bilateral sensorineural hearing
loss as an adverse sequela.

Patients with penicillin-susceptible CSF S. pneumoniae iso-
lates. Twenty-five patients with penicillin-susceptible S. pneu-
moniae ranged in age from 4 days to 156 months (mean, 22.5
months), and 30% were females. Thirty-six percent were
Afro-American, 48% were Caucasian, and 20% were Hispanic.
Four patients had underlying conditions; one each had asple-
nia, chronic juvenile myelogenous leukemia, mental retarda-
tion, and unilateral hearing loss secondary to trauma.
The initial CSF parameters of these patients showed WBC

counts ranging from 3 to 105,000/mm3 (mean, 5,248/mm3),
with 0 to 100% neutrophils. The ranges of protein and glucose
concentrations were 10 to 1,690 mg/dl and <1 to 109 mg/dl,
respectively. Seventy-two percent of the patients yielded CSF
containing gram-positive cocci.

Twenty-four (96%) of the 25 patients were initially treated
parenterally with a broad-spectrum cephalosporin (3 received
ceftriaxone, and 21 received cefotaxime). One patient was
initially treated with ampicillin and gentamicin. Eleven (44%)
of the patients were switched to penicillin G to complete
therapy once the antimicrobial susceptibilities were known.
Fourteen (56%) of 25 patients had positive blood cultures; 6
patients had repeat blood cultures within 24 to 72 h of the
initial positive culture, and all were negative. Thirteen (52%)
of the patients had repeat lumbar punctures, six patients within
5 days of beginning therapy and the remainder at the end of
therapy; all repeat CSF cultures were negative. One patient
was not febrile at admission, 19 (76%) of the patients became
afebrile within 5 days, 4 (16%) of the patients became afebrile
by 15 days, and 1 patient was afebrile at 25 days. The mean
duration of fever for these 25 patients with penicillin-suscep-
tible pneumococci was 4.3 days. Nine of the patients developed
adverse sequelae (two developed unilateral hearing loss, three
developed severe bilateral hearing loss, one developed facial
palsy, two developed hydrocephalus with multiple infarcts, one
developed a left cerebellar infarction with hydrocephalus
requiring a ventriculoperitoneal shunt and brainstem dysfunc-
tion, one developed vein of Galen and transverse sinus throm-
bosis, and two developed hemiparesis).

DISCUSSION

The continued increase in the number of children with
systemic infections due to S. pneumoniae resistant to penicillin
emphasizes the need to identify alternative antibiotics for the
treatment of these infections. Broad-spectrum parenterally
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administered cephalosporins have been suggested as an alter-
native treatment regimen for systemic S. pneumoniae infec-
tions; however, there is considerable debate as to what the
correct in vitro interpretative susceptibility criteria should be
concerning the MIC breakpoint of cefotaxime or ceftriaxone in
the treatment of penicillin-resistant S. pneumoniae meningitis.
The National Committee for Clinical Laboratory Standards
recommends tentative breakpoints of cefotaxime and ceftriax-
one for S. pneumoniae such that isolates for which the MICs
are .0.25 ,ug/ml are considered susceptible, those for which
the MICs are between 0.5 and 1.0 ,ug/ml are considered
intermediately resistant, and those for which the MICs are
.2.0 ,ug/ml are considered resistant. The new National Com-
mittee for Clinical Laboratory Standards guidelines also dic-
tate that S. pneumoniae isolates recovered from patients with
meningitis for which the MICs indicate intermediate resistance
to cefotaxime or ceftriaxone be considered resistant to these
and other beta-lactam antibiotics (19). These breakpoints,
however, have not been correlated with the clinical course and
outcome of patients with bacterial meningitis due to isolates
with cefotaxime or ceftriaxone MICs in the range considered
to indicate intermediate resistance, and the breakpoint for
susceptibility may be too conservative. The basis for these
recommendations is not clear, since the children with cefo-
taxime or ceftriaxone treatment failures generally had isolates
for which the MICs were .2.0 ,ug/ml (Table 3). Three cases of
treatment failures (one unpublished) have had isolates with
cefotaxime MICs of 0.5 and 1.0 jig/ml. Limited clinical data are
presented, but two of these cases failed to improve clinically
after six days of conventional ceftriaxone therapy; the method
of MIC determination in one case is unclear (5, 7, 8). MICs of
.8.0 ,ug/ml were reported for three cases, and thus the actual
MICs cannot be determined.
Because of discrepancies in the MIC results obtained by

different methods, Friedland et al. (9) and Tauber et al. (24)
used a rabbit meningitis model to determine which method of
ceftriaxone MIC determination best correlates with the in vivo
response to ceftriaxone therapy by using a patient's isolate.
The isolate studied had a ceftriaxone MIC of <0.5 ,ug/ml as
determined by a commercial MIC panel but an MIC of 4.0
,ug/ml when evaluated by the conventional microtiter broth
dilution technique. The investigators demonstrated that when
this isolate was used to induce meningitis, there was little
change in bacterial concentrations in CSF, even when higher
doses of ceftriaxone were used, but when a pneumococcal
strain with a ceftriaxone MIC of 0.5 ,ug/ml was used to induce
meningitis, the same dose of ceftriaxone reduced bacterial
concentrations in CSF significantly. On the basis of these
experimental data, the investigators propose that broad-spec-
trum cephalosporins alone may not be sufficient therapy for
any S. pneumoniae CSF strain with a cefotaxime or ceftriaxone
MIC of .1.0 ,ug/ml, regardless of the initial clinical response.
This model provides important information which the National
Committee for Clinical Laboratory Standards may have con-
sidered in its decision to revise the MIC breakpoint guidelines
for penicillin-resistant S. pneumoniae causing meningitis.

Early detection of S. pneumoniae strains from CSF with
decreased susceptibility to broad-spectrum cephalosporins is
critical because of reports of treatment failures with parenter-
ally administered broad-spectrum cephalosporins. To evaluate
a disk diffusion test that uses a 30-jig ceftizoxime disk, Tenover
et al. (25) screened pneumococcal isolates for cephalosporin
resistance. They tested 33 pneumococcal strains, including 9
that were cefotaxime-ceftriaxone resistant (MICs, 4 to 32
,Ig/ml). They found that all of the pneumococcal isolates with
cefotaxime or ceftriaxone MICs of 4 to 32 ,ug/ml produced

zone diameters of under 15 mm. One isolate with a cefotaxime
MIC of 2 ,ug/ml produced a zone size of 9 to 12 mm, while all
of the remaining pneumococcal isolates with cefotaxime and
ceftriaxone MICs of .2 ,ug/ml produced zone sizes of over 16
mm. Therefore, the researchers concluded that isolates of
pneumococci demonstrating zones of inhibition under 15 mm
in diameter around a 30-jig ceftizoxime disk, especially those
with no zone of inhibition, are likely to be resistant and
cefotaxime and ceftriaxone MICs should be determined. Fried-
land et al. (8) performed Kirby-Bauer disk susceptibility tests
with five standard cephalosporin disks (cephalothin, ceftriax-
one, ceftizoxime, cefotaxime, and cefuroxime, all at 30 jig/ml)
on 23 penicillin-resistant (MIC range, 0.1 to >2.0 ,ug/ml)
pneumococcal strains, including 5 strains for which the ceftri-
axone MICs were -2.0 jLg/ml. They found that the cefuroxime
disk clearly distinguished strains for which the ceftriaxone
MICs were .2.0 ,ug/ml from those for which the MICs were
<2.0 ,ug/ml and that the ceftizoxime disk provided the clearest
means of distinguishing strains for which the MICs were -1.0
,ug/ml from more susceptible strains. Which screening test
should be employed on a routine basis is not certain.
On the basis of our limited number of patients, the clinical

outcome of children who had meningitis due to penicillin-
resistant S. pneumoniae for which the cefotaxime or ceftriax-
one MICs are 0.50 to 1.0 ,ug/ml and who were treated with a
parenterally administered broad-spectrum cephalosporin was
comparable at the time of discharge to that of patients with
penicillin-resistant or -susceptible isolates for which the cefo-
taxime or ceftriaxone MICs were .0.25 jig/ml. There were no
meningitis relapses in any of these patients. Our patients
provide a clinical basis upon which cefotaxime or ceftriaxone
MIC breakpoints for S. pneumoniae can be considered. On the
basis of this experience, a broad-spectrum cephalosporin
should be initiated and continued in the treatment of a patient
with penicillin-resistant S. pneumoniae meningitis in areas
where high-level cephalosporin resistance (MIC, -2.0 ,ug/ml)
has not been reported. In a child with meningitis found to have
an S. pneumoniae isolate with a cefotaxime or ceftriaxone MIC
of 0.5 to 1.0 ,ug/ml, cefotaxime or ceftriaxone can be continued
if the patient is improving clinically (more alert and active,
fever decreasing, etc.) and repeat CSF parameters suggest
successful therapy (especially negative Gram stain and cul-
ture). If the patient fails to improve or if the CSF culture
remains positive, alternative therapy is required. Vancomycin
and chloramphenicol are the most commonly recommended
agents in this circumstance.
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