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ABSTRACT. Objective. Despite the lack of evidence
defining a time interval during which cerebrospinal
fluid (CSF) culture yield will not be affected by previous
antibiotic therapy, recent publications cite a “minimum
window” of 2 to 3 hours for recovery of bacterial patho-
gens after parenteral antibiotic administration. We con-
ducted a retrospective review of children with bacterial
meningitis to describe the rate at which parenteral anti-
biotic pretreatment sterilizes CSF cultures.

Methods. The medical records of pediatric patients
who were discharged from a tertiary children’s hospital
during a 5-year period with the final diagnosis of bacte-
rial meningitis or suspected bacterial meningitis were
reviewed. The decay in yield of CSF cultures over time
was evaluated in patients with lumbar punctures (LP)
delayed until after initiation of parenteral antibiotics and
in patients with serial LPs before and after initiation of
parenteral antibiotics.

Results. The pathogens that infected the 128 study
patients were Streptococcus pneumoniae (49), Neisseria
meningitidis (37), group B Streptococcus (21), Haemophi-
lus influenzae (8), other organisms (11), and undeter-
mined (3). Thirty-nine patients (30%) had first LPs after
initiation of parenteral antibiotics, and 55 (43%) had se-
rial LPs before and after initiation of parenteral antibi-
otics. After >50 mg/kg of a third-generation cephalospo-
rin, 3 of 9 LPs in meningococcal meningitis were sterile
within 1 hour, occurring as early as 15 minutes, and all
were sterile by 2 hours. With pneumococcal disease, the
first negative CSF culture occurred at 4.3 hours, with 5 of
7 cultures negative from 4 to 10 hours after initiation of
parenteral antibiotics. Reduced susceptibility to �-lactam
antibiotics occurred in 11 of 46 pneumococcal isolates.
Group B streptococcal cultures were positive through the
first 8 hours after parenteral antibiotics. Blood cultures
were positive in 74% of cases without pretreatment and
in 57% to 68% of cases with negative CSF cultures.

Conclusions. The temptation to initiate antimicrobial
therapy may override the principle of obtaining adequate
pretreatment culture material. The present study demon-

strates that CSF sterilization may occur more rapidly
after initiation of parenteral antibiotics than previously
suggested, with complete sterilization of meningococcus
within 2 hours and the beginning of sterilization of
pneumococcus by 4 hours into therapy. Lack of adequate
culture material may result in inability to tailor therapy
to antimicrobial susceptibility or in unnecessarily pro-
longed treatment if the clinical presentation and labora-
tory data cannot exclude the possibility of bacterial
meningitis. Pediatrics 2001;108:1169–1174; bacterial men-
ingitis, spinal puncture, cerebrospinal fluid, diagnostic
techniques and procedures, time factors, pneumococcal
meningitis, microbial sensitivity test.

ABBREVIATIONS. CSF, cerebrospinal fluid; LP, lumbar puncture;
CSF WBC, cerebrospinal fluid leukocyte concentration; ED, emer-
gency department; MIC, minimum inhibitory concentration; LPd,
delayed LP group; LPp, prior LP group; LPp/p, LP pre- and
postantibiotic group; CI, confidence interval; IQR, interquartile
range; CT, computed tomography.

By conservative estimate, culture-confirmed
bacterial meningitis affects 5755 people in the
United States each year, nearly half of whom

are 18 years of age or younger.1 Even with current
antibiotic therapy, the mortality rate is 4% to 15%,
depending on the infecting organism, with hearing
loss in 2% to 28% and mental retardation in 2% to
17%.2

Ideally, the clinical suspicion of bacterial meningi-
tis is supported by cerebrospinal fluid (CSF) indices
consistent with bacterial infection and confirmed by
the recovery of a bacterial pathogen. However, a
clinical practice of initiating antimicrobial therapy
before lumbar puncture (LP) may confound the cul-
ture result. Supporting this practice is the widely
held belief that parenteral antibiotic therapy may be
instituted early in suspected bacterial meningitis
without compromising the yield of subsequent CSF
cultures. At least 1 text and 1 review article pub-
lished after the introduction of the Haemophilus influ-
enzae type b conjugate vaccine suggest a “minimum”
window of 2 to 3 hours.3,4 However, no published
data identify the duration of a time interval within
which previous parenteral antibiotics will not affect
CSF culture results. Our clinical observation sug-
gested that pretreatment with parenteral antibiotics
may impede the recovery of CSF pathogens more
rapidly than suggested in the literature. Because
of the absence of data to define this interval, we
conducted a retrospective review of children with
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bacterial meningitis to determine the yield of CSF
cultures obtained shortly after the initiation of par-
enteral antibiotic therapy.

METHODS
The Institutional Review Board of Children’s Hospital San Di-

ego gave administrative approval for this study. The medical
records of all patients who were discharged from Children’s Hos-
pital between January 1, 1992, and December 31, 1996, with the
final diagnosis of bacterial meningitis or suspected bacterial men-
ingitis were identified by a computerized search for the Interna-
tional Classification of Diseases, Ninth Revision codes for bacterial
meningitis and meningococcal meningitis. Patients were included
when they met any 1 of the following criteria: CSF culture positive
for a known bacterial pathogen; positive CSF antigen study or
Gram stain in conjunction with a CSF leukocyte concentration
(WBC) of �10/mm3 (10 � 106/L); blood culture positive with CSF
WBC of �100/mm3 (100 � 106/L); or, in the absence of bacterial
isolate, CSF WBC of �4000/mm3 (4000 � 106/L). The last criterion
was chosen because a CSF WBC of �4000/mm3 (4000 � 106/L) as
a single criterion should exclude 93% to 98% of enteroviral dis-
ease.5

Exclusion criteria were positive CSF viral study in the absence
of a known bacterial meningopathogen, neural tube defect, CSF
shunt or catheter, penetrating cranial injury, neurosurgical proce-
dure other than LP within the previous month, or a medical record
that was unavailable or incomplete.

Each record was abstracted by a single investigator (P.S.) for
demographic and historical data, microbiologic studies, referral
pattern, chronologic data, and sequence of interventions. The ma-
jority of the records were reviewed by 1 of the 2 senior investiga-
tors, and all data sheets and accuracy of data entry were reviewed
by a second investigator (J.T.K.). Times of parenteral antibiotic
administration and of CSF collection were obtained from referring
office and facility notes, emergency department (ED) and trans-
port nursing and physician notes, laboratory reports, inpatient
medication administration records, physician admission orders,
and inpatient progress notes. The time interval of interest was
from the initiation of parenteral antibiotic therapy until the col-
lection of the first pretreated CSF sample or the first follow-up CSF
sample in the case of serial LPs. The time of medication adminis-
tration was defined by the start of infusion of the first dose of any
parenteral antibiotic. When multiple chronologic entries existed
concerning a single event, preference was given to the chart entry
created by the individual who most closely witnessed it. Addi-
tional data included previous office or emergency visits, previous
oral antibiotic treatment, results of blood cultures and antigen
tests, and antibiotic susceptibilities of pneumococcal isolates. Non-
susceptibility was defined as a minimum inhibitory concentration
(MIC) for penicillin of �0.1 �g/mL or a ceftriaxone/cefotaxime
MIC of �1.0 �g/mL.

Patients were assigned to the following groups: delayed LP
(LPd) group when the first LP occurred after initiation of paren-
teral antibiotics, previous LP (LPp) when the only LP preceded
parenteral antibiotics, and LP pre- and postantibiotic (LPp/p)
group when LPs occurred before and after initiation of parenteral
antibiotics. The primary outcome was the yield of pretreated CSF
cultures in the LPd and LPp/p groups by organism and time from
antibiotic administration. Descriptive statistics were performed
using Microsoft Excel (Redmond, WA), version 2000.

RESULTS
Of 165 cases, 37 were excluded because of ven-

triculoperitoneal shunts (14), postoperative infection
(2), open neural tube defect with multiple pathogens
(1), and incomplete or unavailable charts (7); 13 re-
ceived antibiotic therapy for bacterial meningitis but
did not meet the study definition, based on labora-
tory criteria (12) and presence of epidural abscess (1).
The remaining 128 patients met study criteria by
positive CSF culture (104); CSF pleocytosis with pos-
itive CSF Gram stain, alone (5) or in conjunction with
positive antigen test (2); CSF pleocytosis with posi-
tive blood culture, alone (4) or in conjunction with a

positive CSF Gram stain (4), antigen test (3), or both
(2); and by CSF indices alone (4). All patients who
were included because of positive antigen test, Gram
stain, or blood culture had CSF WBC of �200/mm3

(200 � 106/L). In no case was a CSF antigen test the
sole determinant of inclusion or of pathogen identi-
fication. Of the 4 patients who met entry criteria by
CSF indices alone, 1 orally pretreated patient had
CSF WBC of 9950/mm3 (9950 � 106/L), normal glu-
cose and protein determinations, and negative Gram
stain and culture. Another, pretreated with cepha-
lexin for 5 days, had CSF WBC of 4825/mm3 (4825 �
106/L), markedly elevated protein concentration,
and group A streptococcal superinfection of vari-
cella. One of the remaining 2 patients was parenter-
ally pretreated, but both had CSF WBC of �8000/
mm3 (8000 � 106/L), abnormal glucose or protein
concentrations, and no positive microbiologic stud-
ies.

The patients ranged in age from 1 day to 16 years
(median: 8 months). Slightly more than half (68 of
128) were girls. Fifty-five patients (43%) presented
directly to the Children’s Hospital ED, and the rest
were transferred from other facilities or admitted
directly from physicians’ offices. Twenty-nine (41%)
of 71 patients who were transferred from other facil-
ities had received parenteral antibiotics before LP,
compared with 10 (18%) patients who were admitted
from the Children’s Hospital ED (intergroup differ-
ence [�]: �23%; 95% confidence interval [CI]: �38%,
�8%). Reasons for delayed LPs, determined for the
latter group from the ED charts, included antibiotics
given just before LP (3 cases, all with LP within the
first 35 minutes), delay for computed tomography
(CT; 1 case), misdiagnosis as retropharyngeal abscess
(1), parenteral antibiotics administered by primary
care physician (2), and unsuccessful LP attempts in
neonates (3). Twenty-seven (21%) of the patients had
been treated as outpatients before hospital admis-
sion; of these, 20 (74%) had received oral antibiotics.
One additional child received antibiotics from her
family’s own supply. A total of 123 (96%) patients
survived to discharge.

Final organisms were determined in 125 cases
(98%) on the basis of CSF cultures, blood cultures,
and antigen studies of CSF (Table 1), with Streptococ-
cus pneumoniae (38%), Neisseria meningitidis (29%),
and group B Streptococcus (16%) identified most of-
ten. Median patient ages varied by organism: S pneu-
moniae, 9 months (interquartile range [IQR]: 5
months, 19 months); N meningitidis, 31 months (IQR:
7 months, 58 months); and group B Streptococcus, 21
days (IQR: 9 days, 31 days). Initial CSF cultures were
positive in 104 (81%). Because many patients were
transferred from other facilities, microbiologic data
from sources other than CSF were not available for
all patients. However, results of initial blood cultures
were available for 100 patients, 66 of which were
positive, including 62 (74%) of 84 obtained before
any antibiotics, 2 of 7 obtained after oral pretreat-
ment, and 2 of 9 obtained after parenteral pretreat-
ment. Of the 24 patients with negative initial LPs,
blood culture results were available for 23, with 13
(57%) positive for the presumed pathogen. All 13
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positive blood cultures from the CSF culture-nega-
tive group occurred among the 19 with no known
antibiotic treatment before blood sampling (68%).
Among patients with positive initial CSF cultures, 53
of 77 known blood culture results were positive
(69%), including 49 (75%) of 65 without any pretreat-
ment and 2 each among 7 parenterally and 5 orally
pretreated blood cultures. Despite the apparent dif-
ferences in blood culture yields between groups with
positive and negative CSF cultures, the 95% CIs for
differences in proportions included 0.

Figure 1 demonstrates the composition of the
study population by timing of LP and CSF yield. LPs
were performed on 39 patients (30%) after initiation
of parenteral antibiotics (LPd group), on 34 patients
(27%) before parenteral antibiotics (LPp group), and
on 55 patients (43%) both before and after initiation
of parenteral antibiotics (LPp/p group). The com-
bined LPp and LPp/p groups had 82 positive CSF

cultures (92%) obtained before parenteral antibiotic
therapy, and the LPd group had 22 positive CSF
cultures (56%; �: �36%; 95% CI: �53%, �19%).

Antibiotic pretreatment in the LPd and LPp/p
groups almost always included a third-generation
cephalosporin (ceftriaxone, 72%; cefotaxime, 26%),
with 98% of known doses at least 50 mg/kg or 1 g.
Fifteen patients, all from the LPd group, underwent
LPs within 1 hour of parenteral antibiotics with neg-
ative CSF cultures in 3 of 9 cases of meningococcal
meningitis (Table 2). The earliest instances of steril-
ization of N meningitidis occurred within 15 and 20
minutes of initiation of infusion of ceftriaxone 175
mg/kg and 50 mg/kg, respectively. One CSF culture
remained positive for N meningitidis after 75 mg/kg
ceftriaxone intravenously, given in separate doses of
49 mg/kg and 26 mg/kg at 1.5 and 2.3 hours, respec-
tively, before repeat LP. The remaining CSF cultures
for N meningitidis were sterile (Fig 2). Culture-nega-
tive pneumococcal meningitis occurred as early as
4.3 hours after antibiotics. Five of the positive pre-
treated pneumococcal cultures occurred with organ-
isms that were nonsusceptible to penicillin and/or
ceftriaxone, including 1 obtained 48 hours after out-
patient pretreatment with ceftriaxone and amoxicil-
lin-clavulanic acid (MIC for penicillin 2.0 �g/mL and

TABLE 1. Infecting Pathogens and Microbiologic Studies Identifying Organisms

Final Organism n* CSF
Culture*

Blood
Culture

CSF
Antigen

Other Indirect

S pneumoniae 49 45 1 1† Gram stain (2)
N meningitidis 37 27 6‡ 1† Gram stain (3)
H influenzae§ 8 7 1 0
E coli 4 3 1† 0
Group B Streptococcus 21 18 3� 0
Other¶ 7 5 1 0 Wound culture (1)
Undetermined 3 0 0 0
Total 129 105 13 2 5

* Totals exceed numbers of patients and positive cultures because of isolation of S pneumoniae and H influenzae in a single patient.
† Gram stains also positive.
‡ Additional positive tests: CSF antigen (2) and Gram stain (3).
§ H influenzae isolates: type b (5), type e (1), type f (1), not typed (1).
� Additional positive tests: CSF antigen (1) and Gram stain plus CSF antigen (2).
¶ Acinetobacter lwoffii (1), group A Streptococcus (2), group F Streptococcus (1), K pneumoniae (1), L monocytogenes (1), and P mirabilis (1).

Fig 1. Study population by timing of LP and antibiotic adminis-
tration.

TABLE 2. Sterility of CSF Cultures Over Time for the 3 Most
Common Pathogens

Time
Interval
(Hour)

N meningitidis S pneumoniae GBS Combined

0–1 3/9 (33)* 0/3 (0)† 0/3 (0) 3/15 (20)
1.1–2 — 0/3 (0)†‡ — 0/3 (0)
2.1–3 3/4 (75)‡ 0/3 (0)† — 3/7 (43)
3.1–4 1/1 (100) 0/1 (0) — 1/2 (50)
4.1–5 — 1/2 (50)† — 1/2 (50)
5.1–6 2/2 (100)‡ 2/2 (100) 0/1 (0) 4/5 (80)
6.1–24 3/3 (100) 3/5 (60) 0/1 (0) 6/9 (67)

24.1–48 2/2 (100) 7/8 (88)*†‡ 2/2 (100) 11/12 (92)
48.1–72 3/3 (100) 4/4 (100) 1/2 (50) 8/9 (89)
72.1 2/2 (100) 7/7 (100)‡ 6/6 (100) 15/15 (100)

Data presented as number sterile/evaluable cases (%). Table ex-
cludes LPp/p patients whose CSF cultures were sterile before
parenteral antibiotics.
* Includes 1 orally pretreated patient with positive CSF culture.
† Includes at least 1 nonsusceptible pneumococcal isolate.
‡ Includes 1 orally pretreated patient with sterile CSF culture.
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for ceftriaxone 1.0 �g/mL). Another isolate had pen-
icillin and ceftriaxone MICs of 2.5 and 0.5 �g/mL,
respectively, and was positive at 1 hour 5 minutes
and 43 hours after initiation of parenteral antibiotics.
Between 4 and 10 hours after initiation of antibiotics,
5 of 7 cases of pneumococcal meningitis had negative
CSF cultures (Fig 2). Early CSF cultures for group B
streptococci obtained within 8 hours of parenteral
antibiotics were positive. Delayed LPs for group B
streptococci obtained from 33.5 hours after antibiot-
ics were sterile with a single exception at 60 hours
(Fig 2). Within the LPp/p group, no follow-up cul-
tures were positive when obtained �3 hours after
beginning parenteral antibiotic therapy specifically
directed against meningitis.

Twenty-one patients had received oral antibiotics
for courses of 1 to 21 days (median: 1 day; IQR: 1 day,
2 days) before LP. When orally pretreated, only 14
CSF cultures (67%) were positive, including 12 of 17
without parenteral pretreatment (LPp plus LPp/p,
71%) and 2 of 4 in the LPd group (50%). Without oral
or parenteral pretreatment, 70 of the 72 patients
(97%) in the combined LPp and LPp/p groups had
positive cultures. Patients with no oral or parenteral
pretreatment had significantly greater CSF culture
yields than patients with any oral pretreatment (�:
31%; 95% CI: 10%, 51%) and orally pretreated pa-
tients with no parenteral pretreatment (�: 27%; 95%
CI: 5%, 49%). However, the difference in culture
yields decreased when parenterally pretreated pa-
tients were included in the comparison (67% vs 84%;
�: 17%; 95% CI: �4%, 39%). The 2 cases of CSF
culture-negative meningitis with no known oral or
parenteral pretreatment included Escherichia coli bac-
teremia with a traumatic, small-volume initial LP,
and a large pleocytosis on subsequent LP; and pre-
sumed bacterial meningitis with no positive cultures
and CSF WBC of 11 800/mm3 (11 800 � 106/L).

Of the 49 cases of pneumococcal meningitis, 3
pretreated patients lacked any positive cultures. Iso-
lates in the remaining 46 included 11 (24%) nonsus-

ceptible to �-lactam antibiotics with penicillin MICs
of �0.1 �g/mL in 11 and ceftriaxone/cefotaxime
MICs of �1.0 �g/mL in 4 (9% of isolates).

DISCUSSION
In our study of antibiotic pretreatment in bacterial

meningitis, negative CSF cultures occurred in 44% of
initial LPs performed after parenteral antibiotics
compared with only 8% of those performed before
parenteral antibiotics and only 3% of those with nei-
ther oral nor parenteral pretreatment. Within 1 hour
of parenteral antibiotics, 3 of 9 cases of meningococ-
cal meningitis had sterile cultures. None remained
positive �2 hours after receiving �50 mg/kg of a
third-generation cephalosporin. After 4 hours from
the initiation of antibiotics, CSF cultures were usu-
ally negative for S pneumoniae, although positive cul-
tures persisted in the setting of decreased suscepti-
bility to �-lactam antibiotics.

Although CSF culture is the standard for diagnos-
ing bacterial meningitis, delay in LP may occur for
several reasons. Hemodynamic instability and infec-
tion at the site of proposed puncture are recognized
contraindications. Some clinicians may precede LP
with CT for fear of precipitating cerebral herniation.6
However, one review of the literature found hernia-
tion unlikely in pediatric bacterial meningitis in the
absence of neurologic abnormality or coma.7 One
report described LP-related herniation despite nor-
mal CT findings (images not provided).8 However,
the clinical signs may have represented an early op-
portunity to institute treatment for intracranial hy-
pertension. Febrile pediatric patients also may be
treated with parenteral antibiotics and transferred to
tertiary facilities without previous LP either because
of a lack of technical expertise or because of an
assumption that the yield of CSF cultures obtained
several hours later will not be compromised. Despite
the lack of evidence, a widely used text published in
1998 refers to a “minimum window of 2 to 3 hours
. . . when CSF cultures are not adversely affected”

Fig 2. CSF sterilization. Proportions
of cultures for S pneumoniae, N menin-
gitidis, and group B Streptococcus ren-
dered sterile are graphed as a function
of time since administration of paren-
teral antibiotics.
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and states that “in the pediatric population a single
dose of antibiotic before transport is unlikely to pre-
vent bacterial identification.”3

The clinician may face additional pressures to ad-
minister parenteral antibiotics before definitive stud-
ies are performed. Although potential diagnostic de-
lays are not conclusively associated with worsened
outcome,9 reported time intervals from presentation
to antibiotics averaging 2 to 3 hours for pediatric
bacterial meningitis10–12 have prompted recommen-
dations for changes in clinical management practices
to shorten this interval.12,13 “Expert” opinion on the
expected time to antibiotics is widely divergent.11

Therefore, physicians who are concerned about cere-
bral herniation or delays in therapy may elect to
defer LP and may be falsely reassured that the bac-
terial pathogen and its antibiotic susceptibility can be
determined at a later time. However, CSF culture
recovered the pathogen in only 81% of our study
patients and 92% even in the absence of parenteral
antibiotic pretreatment. Furthermore, data that asso-
ciate delayed sterilization with adverse outcomes
also seem to implicate patient age, disease severity,
and bacterial concentrations as causal factors.14,15

Previous antibiotic therapy is unlikely to alter the
biochemical and cellular abnormalities of CSF suffi-
ciently to prevent the recognition of bacterial menin-
gitis,16,17 but oral antibiotic pretreatment will de-
crease CSF bacterial concentrations and yields of
Gram stain and culture.17,18 Recovery of H influenzae
is possible in 43% of CSF samples obtained 4 to 12
hours after 75 mg/kg ceftriaxone19 and in 2% to 3%
performed 18 to 36 hours after initiation of ceftriax-
one,20 cefotaxime,21 and meropenem.21 However, no
data directly address shorter time intervals within
which parenteral antibiotics will not impair CSF cul-
ture recovery.

CSF sterilization as a result of antibiotic pretreat-
ment may result in unwarranted or unnecessarily
prolonged treatment if the clinical presentation and
other laboratory investigations cannot exclude the
possibility of bacterial meningitis. Of the 12 cases
with culture-negative pleocytosis that failed to meet
our study criteria, at least 7 were pretreated patients
who received �7 days of parenteral antibiotics for
this reason, including 1 whose LP was completed
within 5 minutes after antibiotics. Previous �-lactam
administration is unlikely to prevent recognition of
organisms with reduced susceptibility. However,
pretreatment with multiple antibiotics that target re-
sistant organisms may preclude the use of simpler
and less toxic regimens, if cultures subsequently fail
to yield a bacterial pathogen.

The increasing prevalence of nonsusceptible pneu-
mococcal isolates in invasive infections22 and menin-
gitis23 is a significant concern. During a 3-year pe-
riod, reduced susceptibility to penicillin increased by
50% and that to ceftriaxone increased 3-fold (and by
9 times for meningitis).22,23 Our study revealed non-
susceptibility to �-lactam antibiotics in 22% of all
cases of pneumococcal meningitis. Antibiotic-resis-
tant meningococci are not a significant problem in
the United States, with intermediate resistance re-
maining stable at approximately 3% of isolates be-

tween 199124 and 1997.25 However, reports of rapidly
increasing penicillin resistance in Spain,26 penicilli-
nase production,27,28 the acquisition of �-lactamase–
encoding plasmids,28 and high-level chlorampheni-
col resistance29 predict that knowledge of antibiotic
susceptibility will become increasingly important in
guiding therapy for meningococcal disease.

Coant et al30 reported positive blood cultures in up
to 97% of patients with bacterial meningitis in the 2-
to 24-month age range. However, these data pertain
to a subset of patients with positive CSF cultures
when H influenzae was the predominant pathogen. In
our study, 74% of available blood cultures obtained
before antibiotics were positive compared with only
57% when the CSF culture was negative. Similarly,
Klugman et al21 found positive blood cultures asso-
ciated with 58% of positive CSF cultures. Although
CSF antigen tests may identify bacterial pathogens in
87% of cases of partially treated meningitis,31 the
antibiotic sensitivity will remain unknown. Such
tests did not contribute to the diagnosis in our pa-
tients, and their diagnostic utility has been ques-
tioned by others.32 Other diagnostic modalities, such
as the polymerase chain reaction assay, may prove
useful for the identification of bacterial species and
antimicrobial resistance.33 However, the technique
does not yet enjoy widespread acceptance, and its
yield is adversely affected by previous antibiotic
therapy.34

The limitations of this study include its depen-
dence on the accuracy and completeness of the med-
ical record for chronologic data and culture results.
Even with complete chronologic data, it often is im-
possible to determine the rapidity of antibiotic infu-
sion and whether the time documented represents
the beginning or end of infusion. Such data also are
subject to inaccuracy in the calibration of timepieces
used in clinical settings35 and in the documentation
of time intervals by clinical personnel.36 The strict
study criteria may have excluded patients who had
bacterial meningitis and minimal CSF changes37 and
who would have received a full course of parenteral
antibiotic treatment on the basis of clinical judgment.
However, we opted to miss possible cases of true
sterilization to avoid inclusion of cases of nonbacte-
rial meningitis. Because the intentions of the treating
physicians were unknown, pretreated patients may
have differed in disease severity or presentation. Pa-
tients who present with clinically and biochemically
more severe disease and greater CSF bacterial bur-
dens may have delayed sterilization.14,38,39 Con-
versely, an atypical presentation with milder disease
may be associated with more rapid sterilization. The
study sample does not permit assessment of the role
of reduced susceptibility in early CSF sterilization.
The lack of uniformity in antibiotic choice, dosage,
and route of administration poses some difficulty in
interpretation, but it does reflect the range of thera-
pies given as pretreatment in diverse clinical set-
tings. A prospective study in humans would face the
ethical barrier of delaying initial LPs in suspected
bacterial meningitis or the practical difficulty of fre-
quent CSF sampling after antibiotic administration.
Consent would be problematic, and any sampling
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method or device could alter antimicrobial efficacy
and the resultant microbiologic data.

Recent published opinion suggests that antibiotic
administration before LP is unlikely to hinder the
recovery of a bacterial meningopathogen.3 However,
no previous publication directly supports this as-
sumption. The present study demonstrates that CSF
sterilization occurs more rapidly after initiation of
parenteral antibiotics than previously suggested. We
demonstrated that CSF cultures may be sterilized
within 1 hour of parenteral antibiotic therapy for
meningococcal meningitis and within 4 hours for
pneumococcal meningitis. As the use of the pneumo-
coccal conjugate vaccine increases, the proportion of
children with meningococcal meningitis will in-
crease, leading to substantial increases in the propor-
tion of CSF cultures that are negative within 1 hour
of antibiotic therapy. Therefore, if technically feasi-
ble, hemodynamically stable patients with suspected
meningitis and no evidence of cerebral edema or
herniation syndromes should undergo lumbar punc-
ture before the administration of parenteral antibiot-
ics.

ACKNOWLEDGMENT
We thank Ian McCaslin, MD, for review of the manuscript.

REFERENCES
1. Schuchat A, Robinson K, Wenger JD, et al. Bacterial meningitis in the

United States in 1995. N Engl J Med. 1997;337:970–976
2. Baraff LJ, Lee SI, Schriger DL. Outcomes of bacterial meningitis in

children: a meta-analysis. Pediatr Infect Dis J. 1993;12:389–394
3. Kooiker JC. Spinal puncture and cerebrospinal fluid examination. In:

Roberts JR, Hedges JR, eds. Clinical Procedures in Emergency Medicine.
3rd ed. Philadelphia, PA: WB Saunders; 1998:1054–1077

4. Lipton JD, Schafermeyer RW. Evolving concepts in pediatric bacterial
meningitis—part II: current management and therapeutic research. Ann
Emerg Med. 1993;22:1616–1629

5. Singer JI, Maur PR, Riley JP, Smith PB. Management of central nervous
system infections during an epidemic of enteroviral aseptic meningitis.
J Pediatr. 1980;96:559–563

6. Rennick G, Shann F, de Campo J. Cerebral herniation during bacterial
meningitis in children. BMJ. 1993;306:953–955

7. Haslam RHA. Role of computed tomography in the early management
of bacterial meningitis. J Pediatr. 1991;119:157–159

8. Shetty AK, Desselle BC, Craver RD, Steele RW. Fatal cerebral herniation
after lumbar puncture in a patient with a normal computed tomography
scan. Pediatrics. 1999;103:1284–1287

9. Kallio MJT, Kilpi T, Anttila M, Peltola H. The effect of a recent previous
visit to a physician on outcome after childhood bacterial meningitis.
JAMA. 1994;272:787–791

10. Bryan CS, Reynolds KL, Crout L. Promptness of antibiotic therapy in
acute bacterial meningitis. Ann Emerg Med. 1986;15:544–547

11. Meadow WL, Lantos J, Tanz RR, Mendez D, Unger R, Wallskog P.
Ought ‘standard care’ be the ‘standard of care’? A study of the time to
administration of antibiotics in children with meningitis. Am J Dis Child.
1993;147:40–44

12. Talan DA, Guterman JJ, Overturf GD, Singer C, Hoffman JR, Lambert B.
Analysis of emergency department management of suspected bacterial
meningitis. Ann Emerg Med. 1989;18:856–862

13. Talan DA, Zibulewsky J. Relationship of clinical presentation to time to
antibiotics for the emergency department management of suspected
bacterial meningitis. Ann Emerg Med. 1993;22:1733–1738

14. Lebel MH, McCracken GH. Delayed cerebrospinal fluid sterilization

and adverse outcome of bacterial meningitis in infants and children.
Pediatrics. 1989;83:161–167

15. Feldman WE, Ginsburg CM, McCracken GH, et al. Relation of concen-
trations of Haemophilus influenzae type b in cerebrospinal fluid to late
sequelae of patients with meningitis. J Pediatr. 1982;100:209–212

16. Blazer S, Berant M, Alon U. Effect of antibiotic treatment on cerebro-
spinal fluid. Am J Clin Pathol. 1983;80:386–387

17. Kaplan SL, Smith EO, Wills C, Feigin RD. Association between pread-
mission oral antibiotic therapy and cerebrospinal fluid findings and
sequelae caused by Haemophilus influenzae type b meningitis. Pediatr
Infect Dis J. 1986;5:626–632

18. Feldman WE. Effect of prior antibiotic therapy on concentrations of
bacteria in CSF. Am J Dis Child. 1978;132:672–674

19. Del Rio MA, Chrane D, Shelton S, McCracken GH, Nelson JD. Ceftri-
axone versus ampicillin and chloramphenicol for treatment of bacterial
meningitis in children. Lancet. 1983;1:1241–1244

20. Schaad UB, Suter S, Gianella-Borradori A, et al. A comparison of ceftri-
axone and cefuroxime for the treatment of bacterial meningitis in chil-
dren. N Engl J Med. 1990;322:141–147

21. Klugman KP, Dagan R, The Meropenem Meningitis Study Group.
Randomized comparison of meropenem with cefotaxime for treatment
of bacterial meningitis. Antimicrob Agents Chemother. 1995;39:1140–1146

22. Kaplan SL, Mason EO, Barson WJ, et al. Three-year multicenter surveil-
lance of systemic pneumococcal infections in children. Pediatrics. 1998;
102:538–545

23. Arditi M, Mason EO, Bradley JS, et al. Three-year multicenter surveil-
lance of pneumococcal meningitis in children: clinical characteristics,
and outcome related to penicillin susceptibility and dexamethasone use.
Pediatrics. 1998;102:1087–1097

24. Jackson LA, Tenover FC, Baker C, et al. Prevalence of Neisseria menin-
gitidis relatively resistant to penicillin in the United States, 1991. J Infect
Dis. 1994;169:438–441

25. Rosenstein NE, Stocker SA, Popovic T, Tenover FC, Perkins BA, the
Active Bacterial Core Surveillance (ABCs) Team. Antimicrobial resis-
tance of Neisseria meningitidis in the United States, 1997. Clin Infect Dis.
2000;30:212–213

26. Saez Nieto JA, Vazquez JA, Marcos C. Meningococci moderately resis-
tant to penicillin. Lancet. 1990;336:54

27. Botha P. Penicillin-resistant Neisseria meningitidis in Southern Africa.
Lancet. 1988;1:54
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