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Eleven children with bacterial meningitis were treated intravenously with
amoxicillin sodium to evaluate the efficacy of the parenteral form of amoxicilhin
for this serious infection and to measure the penetration of the drug into
cerebrospinal fluid (CSF). The infecting organisms were Haemophilus influenzae
in nine cases and Streptococcus pneumoniae in two. Nine patients had optimal
responses to amoxicillin sodium, 200 mg/kg per day for 14 days. Bacteria were

also eradicated from CSF of the other two, but one experienced fever and culture-
negative CSF pleocytosis after cessation of amoxicilhin, and the other developed
H. influenzae empyema 2 weeks after termination of therapy. By comparison, 7
of 10 children with meningitis responded optimally to ampicillin (nonrandomized
design) during the period of study. The mean peak CSF concentration of amoxi-
cillin was 3.14 ,ug/ml (ca. 7% of the concomitant mean peak serum level) early
during therapy. However, meningeal penetration of the drug declined to a mean

peak of 0.63 ,ug/ml on the final day of therapy. Mild transient neutropenia, noted
in five patients, was the most common side effect of amoxicillin sodium therapy;
five patients treated with ampicillin also experienced reversible neutropenia.
Thus, intravenous amoxicillin sodium provided therapy for bacterial meningitis
comparable to that of ampicillin in this limited case-control study.

Ampicillin has provided safe and effective
therapy for bacterial illnesses of children, includ-
ing most cases of bacterial meningitis, for 15
years (1, 19). Amoxicilhin, a congener of ampicil-
lin differing from the parent drug only by hy-
droxylation of the phenyl side chain, has re-
cently found a niche in the treatment of ampi-
cillin-responsive infections because it is better
absorbed after oral administration (7, 10). A
parenteral preparation of amoxicilhin has now
been developed. Because of in vitro potency
against Haemophilus influenzae, Streptococcus
pneumoniae, and Neisseria meningitidis that is
equal to that of ampicillin (10), amoxicilhin
should be equally as effective as ampicillin in
bacterial meningitis. Studies in aniimal models
of infection support this assertion (4, 18).
The present study was designed to obtain

preliminary infornation on the clinical use of
the parenteral form of amoxicilhin in bacterial
meningitis in children. A small number of pa-
tients were treated under carefully controlled
circumstances, and the diffusion of the drug into
cerebrospinal fluid (CSF) was measured.

t Present addres: Department of Neurology, University of
South Alabama, Lafayette, AL 36617.

MATERIALS AND METHODS
Research protocol approval. The research pro-

tocol used in this study was approved by the Human
Research Advisory Committee of the University of
Arkansas for Medical Sciences in April 1977 and was
reviewed by that committee and reapproved in April
1978.

Patients and treatment. All patients over 3
months of age admitted to the Arkansas Children's
Hospital from August 1977 to June 1978 were offered
entry into the study if the presenting picture, including
CSF analysis, was consistent with bacterial meningitis
and if there was no history of allergy to penicillin or
its derivatives. In each instance a participating physi-
cian explained the study in detail to a parent or
guardian; signed informed consent was required before
the protocol was initiated. A patient's condition upon
admission was declared to be "good" if there were
nuchal signs, fever, and irritability; "poor" if there was
a history of seizures or if the patient was lethargic or
postictal; and "critical" if the patient was stuporous.
The protocol was abandoned and amoxicillin was dis-
continued in patients who were not confirmed to have
meningitis due to bacteria susceptible to the antibiotic.

Amoxicillin sodium was given intravenously for 14
days in a daily dose of 200 mg/kg which was divided
equally among four 15-min infusions at 6-h intervals.
Patients with proved or suspected H. influenzae men-
ingitis also received intravenous chloramphenicol, 100
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mg/kg per day, until the infecting isolate was shown
not to produce beta-lactamase. AUl patients were ex-
amined at least once daily by a physician particpating
in the study to assess response to amoxidilhin and to
observe for adverse drug effects. Lumbar puncture was
performed on day 2 or 3 (timed to occur 24 h after
discontinuing chloramphenicol if it was given), day 6,
and day 14 of amoxicillin therapy to obtain CSF for
culture, cell count, glucose and protein concentrations,
and amoxicillin level. Blood specimens were also ob-
tained at those times for culture, complete blood
count, and serum levels of creatinine, glutamic-oxalo-
acetic transferase, alkaline phosphatase, and amoxicil-
lin. The timing of the three lumbar punctures and
concomitant blood specimens for each patient in re-
lation to the preceding amoxicillin infusion was ran-
domly assigned to occur 30 min, 1 h, 2 h, or 4 h after
the infusion. This was done to derive an estimate of
amoxicillin pharmacokinetics on each of those days of
therapy (8).
Laboratory techniques. Microbiological cultures

of CSF, blood, and other specimens were performed
by standard techniques (9), as was counterimmuno-
electrophoresis (5). Production of beta-lactamase by
H. influenzae was assesed by the capillary tube
method (16). The disk-diffusion method was used to
determine susceptibility of the infecting bacteria to
amoxicillin (2). In addition, minimal inhibitory con-
centrations (MICs) for amoxicillin against H. influ-
enzae were determined by a broth dilution technique
(15) using a bacterial inoculum of 10" colony-forming
units per ml. Concentrations of amoxicilhin in serum
and CSF specimens were determined by cup-plate
assay (3); the indicator strain was Bacillu subtilis.
Amoxicillin standard curves for each serum assay were
performed in pooled human serum; for each CSF
assay, 0.05M phosphate-buffered, physiological saline
(pH 7.3) was used as a diluent for the standards.

Control cases. Records were reviewed of all pa-
tients treated with ampicillin for bacte meningitis
at this hospital during the course of the present study.
These were patients who were eligible for amoxicillin
therapy, but whose parents or grdians declined to
enroll them into the study. Noted in each patient's
record for the purposes of comparison were details
such as severity of illness on admission, response to
therapy, and side effects of ampicillin.

RESULTS
During the period of study, 28 patients were

admitted who fulfilled the criteria for tteatinent
with amoxicillin. Parents or guardians of 15 pa-
tients declined enrollment into the study. Amox-
icillin therapy was initiated in 13 patients, but
was stopped in 2 when the pathogens were de-
termined to be f,-lactamase-producing H. influ-
enzae. Thus, 11 patients were treated with
amoxicillin (Table 1) under the study protocol.
The bacteriological diagnosis was obtained by
CSF culture of the infecting bacteria in all pa-
tients except no. 11. In that case, CSF culture
was negative but counterimmunoelectrophoresis
before therapy, and on days 2 and 4 of therapy,

TABLE 1. Treatment of bacterial meningitis with
intravenous amoxicillin sodium

Patient no./
sex/age Condition Pathogen Response
(years)

1/F/5 Critical H. influenzae Cured
2/F/0.5 Good H. influenzae Cured
3/F/3.0 Poor H. influenzae Cured
4/F/0.8 Good H. influenzae Cured
5/F/0.6 Good H. influenzae Cured
6/F/0.5 Poor H. influenzae Cured
7/F/1.1 Good H. influenzae Cured
8/M/0.4 Poor S. pneumoniae Improved
9/F/0.5 Poor H. influenzae Improved
10/F/0.3 Good H. influenzae Cured
11/M/0.4 Poor S. pneumoniae Cured

was positive for S. pneumoniae. All patients
were treated with chloramphenicol for at least
24 h in addition to amoxicillin, but none received
that agent for longer than 48 h.
Every patient treated with amoxicillin had the

infecting organism eradicated from CSF and
blood by the time the first specimens were ob-
tained after initiation of therapy (48 to 72 h).
Only 2 of the 11 patients had suboptimal clinical
responses to amoxicillin. Patient 8 experienced
fever and culture-negative CSF pleocytosis after
cessation of amoxicillin. He was treated with
ampicillin for 14 additional days. The other pa-
tient, no. 9, developed H. influenzae empyema
of the thorax 2 weeks after termination of ther-
apy. This relapse was also treated successfully
with a 2-week course of ampicillin.
Among the remaining patients with bacterial

meningitis, 10 children, six boys and four girls,
were treated with ampicillin during the period
of the study. All were infected with H. influ-
enzae. Their age range was 0.4 to 6 years (me-
dian age, 1 year). Five of these children were in
good condition on admission, four were in poor
condition, and one was in critical condition.
Seven of these patients had uneventful re-
sponses to ampicillin. The remaining three re-
quired additional therapeutic procedures be-
cause of complications. Two, both classified in
poor condition upon admission, had prolonged
fever during antibiotic treatment that led to the
discovery of subdural effusions requiring drain-
age and prolonged ampicillin administration.
The patient who was in critical condition devel-
oped hydrocephalus that was managed by place-
ment of a ventriculo-peritoneal shunt. That
child had severe bilateral hearing loss.
There were no differences in clinical responses

to amoxicillin and ampicillin with respect to
recovery of neurological function and eradica-
tion of bacteria from CSF. A trend toward more
prompt defervescence in amoxicillin-treated pa-
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tients was noted. Six of those 11 patients were

afebrile within 48 h of initiation of therapy,
compared to only 2 of the 10 who received
ampicillin. However, these proportions were not
significantly different bv the Fisher exact prob-
ability test (0.10 > P > 0.05).

All CSF and blood iholates of infecting path-
ogens in both groups of patients were susceptible
to amoxicilhin and ampiciin. MICs for amoxi-
cillin were performed on H. influenzae CSF
isolates from seven patients who received that
drug. The amoxicihhin MIC was 0.125 yg/ml for
four isolates; for the remaining three, including
pre- and post-treatment isolates from patient 9,
who relapsed, the MIC was 0.25 ug/ml. No bac-
terial isolates from ampicillin-treated patients
had MIC determinations.

Figure 1 shows the serum and CSF amoxicillin
kinetics early during therapy. At this time the
mean peak CSF amoxicillin concentration was
ca. 7% of the mean peak serum level. On day 6
of amoxicihhin therapy, the serum curve was sim-
ilar, with a 30-min peak of 30.2 ,ug/ml. The
concomitant CSF peak was 0.94 ,tg/ml, and the
4-h value was 0.58 ,ug/ml. By day 14 the mean

HOURS AFTER DOSE

FIG. 1. Serum (0) and CSF (0) concentrations of
amoxicillin early (day 2 or 3, see text) during therapy
of bacterial meningitis with parenteral amoxicilli'i.
The preceding dose was 50 mg/kg, infused intra4
nously over 15 min. The precise amoxicilin concen-
trations of the three CSF specimens graphed as cl
ug/ml were: 0.59 pg/mi (0.5-h specimen), 1.0 pg/mi,
and 0.52 pg/ml (4-h specimens).

peak serum level was 28.3 ,ug/ml; the mean peak
CSF concentration was 0.63 iLg/ml, and the 4-h
value was 0.36 yg/ml. The two patients with
suboptimal responses to amoxicillin had CSF
amoxicillin levels of 1.33 ,g/ml (patient 8) and
6.4 1g/ml (patient 9) 2 h after the first sampled
amoxicillin infusion.

Several side effects were noted during therapy
with both amoxicilhin and ampicillin (Table 2).
Neutropenia, defined as a peripheral neutrophil
count of less than 3,000/p1, was the most prom-
inent adverse effect. Nadirs of the neutropenia
in the five amoxicihhin-treated patients ranged
from 600 to 2,.500/l; nadirs in the other group
were imilar (840 to 2,580/pd). In every instance
the neutropenia resolved upon discontinuation
of the antibiotic, or in the case of four patients,
with continuation of therapy. The rashes en-
countered were macular, of minor extent, and
resolved after 2 or 3 days as therapy was contin-
ued. No rash was associated with eosinophilia.

DISCUSSION
The present study provides preliminary data

suggesting that amoxicilhin is effective therapy
for children with bacterial meningitis due to
susceptible bacteria. The proportion of patients
that was cured completely by a 2-week course of
amoxicillin (9 of 11, 81%) was equal to the pro-
portion who responded similarly to conventional
treatment with ampicillin (7 of 10, 70%). It must
be emphasized that this comparison of amoxicil-
lin and ampicillin was not performed in a pro-
spective randomized fashion and is consequently
subject to the biases inherent in case-control
studies (6). Nevertheless, the groups receiving
the two drugs were closely related with respect

TABLE 2. Side effects of therapy with amoxicillin
and ampicillin

No. of patients af-
fected

Type of reaction A A
cillin cillin
(11)a (10)

Neutropenia
(WBCb <3,000/pl)
Alone 4 2
Plus eosinophilia 1 2

(>600/0l)
Plus RBCc hemolysis 0 1

Eosinophilia alone 1 0
(>600/1)

Rash 2 1
Diarrhea 0 1

aTotal number of patients treated.
b WBC, Peripheral leukocyte count.
c RBC, Erythrocyte.
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to age, diagnosis, and severity of illness upon
admission to the hospital. In addition, the two
groups were treated during the same 1-year pe-
riod.

It must also be pointed out that each patient
treated with both amoxicillin and ampicillin re-
ceived chloramphenicol during the first 24 to 48
h of therapy. It is probable that the prompt
eradication of bacteria from CSF in every case
represented a response to combined antimicro-
bial therapy. However, it has been shown in an
animal model of bacterial meningitis that ther-
apeutic concentrations of ampicillin and chlor-
amphenicol in CSF resulted in no more rapid
elimination ofbacteria than did therapeutic con-
centrations of ampicillin alone (W. M. Scheld,
R. S. Brown, Jr., D. D. Fletcher, and M. A.
Sande, Clin. Res. 28:801A, 1978).

It was important to document that amoxicillin
entered into CSF during treatment of patients
with meningitis. Ampicillin diffuses adequately
into the central nervous system in the presence
of inflamed meninges (4, 15), but it should not
be assumed that similar drugs have similar pen-
etration characteristics. For example, there is
wide variability in central nervous system pen-
etration among the cephalosporin antibiotics
even though they share a common nucleus (11).
All patients in the present study who received
amoxicillin had suprainhibitory CSF concentra-
tions of the drug for at least 4 h after an intra-
venous dose of 50 mg/kg on day 2 or 3 of
treatment. CSF diffusion of amoxicillin declined
over the course of therapy, as has been noted
previously with ampicillin (17) and penicillin (8).
These data suggest that full parenteral doses of
amoxicillin should be continued even though a
patient's initial response appears to be optimal.
The side effects of therapy with amoxicillin

and ampicillin were similar in type and in fre-
quency. In particular, the rate of mild and tran-
sient neutropenia noted with both agents was
striking; this adverse effect has not been re-
corded previously as a prominent reaction to
either drug. Transient neutropenia may repre-
sent a normal host response to the treatment of
a severe bacterial illness; if so, it is not well-
recognized. Alternatively, it may be a manifes-
tation of chloramphenicol-induced bone marrow
suppression (12).
This study provides no evidence to suggest

that amoxicillin is superior to ampicillin for
childhood bacterial meningitis. Ordinarily, there
would be little interest in a new drug that offers
no advantage over an existing one in terms of
safety or efficacy. However, many physicians
now use amoxicilhin routinely in preference to
ampicillin for other infections in children and

are therefore more familiar with the former-its
indications and its side effects. Consequently, it
is important to ascertain that parenteral amox-
icillin results in n6 sacrifice of efficacy for serious
childhood infections such as bacterial meningi-
tis. This question deserves further clinical test-
ing.
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