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Synergistic Action of Nafcillin and Ampicillin Against
Ampicillin-Resistant Haemophilus influenzae Type b

Bacteremia and Meningitis in Infant Rats
RAM YOGEV* AND WILLIAM J. KABAT

Division of Infectious Disease, The Children's Memorial Hospital, Chicago, Illinois 60614

Infant rats with bacteremia and meningitis induced by ampicillin-resistant
Haemophilus influenzae type b were treated with ampicillin and nafcillin, alone
or in combination. Neither ampicillin alone (in 19 animals) nor nafcillin alone (in
20 animals) sterilized the blood or cerebrospinal fluid of any treated infant rat.
When the combination of ampicillin and nafcillin was used, blood cultures were
negative in 18 of 19 infant rats, and cerebrospinal fluid cultures were sterile in 15
of 19 when cultured 30 h after initiation oftreatment. In vitro results demonstrated
definite synergism between ampicillin and nafcillin against ampicillin-resistant H.
influenzae type b. The study suggests that such synergism also exists in vivo.

We have recently reported that ampicilhin and
nafcillin act synergistically in vitro against am-
picillin-resistant Haemophilus influenzae type
b (10). This report is concerned with the capacity
of this antibiotic combination to eradicate am-
picillin-resistant H. influenzae type b from the
blood and spinal fluid of experimentally infected
infant rats.

(This work was presented in part at the 80th
Annual Meeting of the American Society for
Microbiology, Miami, Fla., May, 1980.)

MATERLILS AND METHODS
The strain ofH. influenzae type b used in this study

was isolated from the blood of a child with meningitis
and produced f,-lactamase as demonstrated by the
Escamilla assay (3). By using Mueller-Hinton broth
(Difco) supplemented with 1% IsoVitaleX (BBL Mi-
crobiology Systems) and hemin (10 yig/ml), twofold
serial dilutions of ampicillin and nafcillin in a check-
erboard pattern were prepared. The final concentra-
tions of the antibiotics ranged from 0.4 to 50 ug/ml.
An inoculum of 5 x 104 colony-forming units (CFU)
per ml was added to each broth tube to determine the
minimal inhibitory concentration (MIC).

In vivo studies utilized 5-day-old Sprague-Dawley
strain COBS/CD rats (Charles River Breeding Lab,
Portage, Mich.). From an overnight growth of ampi-
cillin-resistant H. influenzae type b on a chocolate
agar plate, three colonies were inoculated into 5 ml of
Mueller-Hinton broth supplemented with 1% Iso-
VitaleX and hemin (10 ,Lg/ml). The tube was shaken
for 4 h at 370C. Dilutions of the growth were made to
reach a final concentration of 105 CFU/ml. The rats
were injected intraperitoneally with 0.1 ml of the
bacterial suspension. Blood and cerebrospinal fluid
(CSF) cultures were obtained 36 h later. Blood samples
were taken from the tail vein with a 5-p1 capillary
pipette. CSF was obtained by percutaneous puncture
of the cisterna magna with a 30-gauge needle (Becton

Dickinson Co., Rutherford, N.J.). The fluid in the
needle was then transferred to a 5-pl capillary pipette
by insertion of the pipette tip into the hub of the
needle and cultured quantitatively onto a chocolate
agar plate. The lower limit of detectable bacteria was
2 x 102 organisms per ml. This method allows repeti-
tive sampling of CSF and minimiz the problem of
CSF contamination by blood.
The rats were divided into four treatment groups,

as shown in Table 1. All animals received a total of
five doses of antibiotics or saline intraperitoneally at
6-h intervals. Six hours after the fifth dose, samples of
blood and CSF were again obtained for quantitative
culture. The geometric means of the bacterial CFU
per milliliter were calculated for each group. In one
experiment, a sixth dose of antibiotic was administered
to six rats each in groups I and II. Blood and CSF
samples (5 Ad each) were obtained from these animals
15,45, 75, and 120 min after the sixth dose to determine
blood and CSF concentrations of ampicillin or nafcil-
lin. The antibiotic concentrations were measured by
agar diffusion with Sarcina (utea as the test organism.
The lowest concentration that could be measured
reliably was 0.4 ig/ml. Student's t test was used for
statistical analysis of the data obtained.

RESULTS
The ampicilhin-resistant H. influenzae type b

strain used in this study demonstrated MICs of
12.5 ,ug/ml for ampicillin and 12.5 ,ug/ml for
nafcillin. However, a combination of only 0.78
,ig of ampicilhin per ml with 0.78 ,g of nafcillin
per ml was inhibitory. Other combinations were
also inhibitory, for example, 1.56 ,ug of ampicillin
with 0.4 ,ug of nafcilhin per ml or 1.56 ,ug of
nafcillin with 0.78 jig of ampicillin per ml.

All 65 infant rats were bacteremic 36 h after
intraperitoneal inoculation of ampicillin-resist-
ant H. influenzae type b; 63 of 65 animals had
positive CSF cultures at that time. The two
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animals with sterile CSF were excluded from
Table 1. There was no significant difference in
blood or CSF CFU per milliliter among the
groups before therapy. None of the rats receiving
ampicillin (group I) or nafcillin (group II) in the
doses indicated in the table, nor those receiving
saline (group IV), had sterile blood or CSF cul-
tures at 30 h. In contrast, 18 of 19 animals in
group III had sterile blood cultures. There was
a two-log reduction in CFU per milliliter (from
3.4 x 104 to 2.0 x 102/ml) in the only animal
with a positive blood culture after therapy. Post-
treatment CSF cultures in 15 of 19 rats in group
III were sterile. In the four rats with positive
cultures, there was a decline from the mean of
5.5 x 105 to 8 x 102 CFU/ml, a three-log de-
crease. By Student's t test, the numbers of CFU
in blood and CSF in groups I and II were not
significantly different from each other or from
the numbers in saline controls (group IV). The
numbers of CFU per milliliter of these fluids
were significantly lower than those in groups I
and II (P < 0.001).
Blood and CSF levels of ampicillin (after 3.125

mg/kg per dose) and nafcillin (after 50 mg/kg
per dose) are shown in Fig. 1. The peak CSF
level of ampicillin was 0.82 ± 0.1 ,ug/ml (range,

E

C._uo

J

E

1_

In

0)

-J

Cr)

'0

0

E

100-:

50-

10-

5-

.5-

Ampicillin B I ood
--- CSF

Nafcillin Blood

~*------- CSF

I I .

15 45 75 120

Minutes
FIG. 1. Serum and CSF concentrations of ampicil-

lin and nafcillin in infant rats after meningitis.
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0.7 to 0.9 ,ug/ml), and the peak blood level was
15.2 + 3.4 ,ug/ml (range, 12.3 to 21.0 ,Ag/ml).
Peak CSF concentrations were 5 to 7% of peak
serum levels. The peak CSF level of nafcillin
was 1.45 ± 0.53 ,ug/ml (range, 1.0 to 2.4 ,ug/ml),
and the peak blood level was 55.30 ± 9.13 ,ug/ml
(range, 43 to 67,tg/ml); peak CSF concentrations
were approximately 2.5 to 3% those of serum
levels.

DISCUSSION
The antibiotic dosages applied in the present

study were chosen to simulate blood levels en-
countered in children treated with conventional
dosages. Average peak ampicillin blood levels
were reported to range from 6.4 to 38,ug/ml after
a 30- to 35-mg/kg dose given intravenously every
6 h in children (8). In comparison, the average
peak blood level of infant rats in this study was
15.2 ,tg/ml (range, 12.3 to 21.0 ,tg/ml) after in-
traperitoneal injection of 3.125 mg/kg. The av-
erage reported peak blood level of nafcillin in
children after intravenous administration of 37.5
mg/kg is 50 ,ug/ml (4). Such a blood level was
attained in infant rats, with administrations of
50 mg/kg every 6 h. At such blood levels, neither
ampicillin nor nafcillin alone effected steriliza-
tion of blood or CSF in the rat model. Although
peak ampicillin blood levels were equal to or
exceeded the in vitro MIC of the ampicillin-
resistant H. influenzae type b, there was mini-
mal reduction in the concentration of viable
bacteria in the blood of treated animals in group
I. In group II, despite nafcillin levels in the blood
which were fourfold greater than the in vitro
MIC for the organism, no inhibition was noticed.
The reasons for these poor responses are un-
known.

In contrast, the same doses of ampicillin and
nafcillin in combination were very effective,
leading to eradication of the bacteria from the
blood in 18 of 19 infant rats within 30 h. In
addition, despite CSF antibiotic levels which
were well below the MICs of the organism for
each antibiotic alone, the combination of drugs
eradicated the bacteria in 15 of 19 animals and
was associated with significant decrease in con-
centration of organisms in the remaining four
animals.

Previous reports suggested that ampicillin in
high dosage (100 mg/kg) was occasionally effec-
tive in sterilizing blood and CSF in infant rats
with bacteremia and meningitis caused by am-
picillin-resistant H. influenzae type b (6). When
we used ampicillin alone in a dose of 12.5 mg/kg
every 6 h (data not shown), we confirmed this
observation. However, at a dosage which pro-
duces blood levels comparable to those achieved
in humans (3.125 mg/kg every 6 h), ampicillin
alone failed to eradicate the bacteria.

The present study provided evidence of in
vitro synergism between ampicillin and nafcillin
against a strain of H. influenzae which produced
,B-lactamase, as was shown previously by us (10)
and by others (1). The results in the infant rat
model suggest that the combination of ampicillin
and nafcillin is also synergistic in vivo.

Several authors recently recommended com-
bination therapy with ampicillin and a penicil-
linase-resistant penicillin for childhood infec-
tions likely to be due to H. influenzae type b
such as septic arthritis (5, 7) or acute orbital (9)
and periorbital (2) cellulitis. The results of this
study suggest that the combination of ampicillin
and nafcillin may be effective therapy for such
conditions even when the etiological agent is
ampicillin-resistant H. influenzae. The value of
such a regimen is that it eliminates the need for
chloramphenicol which has potentially fatal side
effects.
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