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ABSTRACT: The impact of ibuprofen combined with amoxicillin or
erythromycin for therapy of penicillin-resistant pneumococcal acute
otitis media (AOM) was evaluated in a gerbil model. Ibuprofen (at
2.5 or 7.5 mg/kg, orally) and/or amoxicillin or erythromycin (5
mg/kg each, s.c.) were administered at 5 h (early therapy, as single-
dose regimen) or at 18 h (delayed therapy, five doses) postinoculation
(PI). Each antibiotic alone and combined with ibuprofen was more
effective administered as early regimen than as delayed treatment
when evaluating the presence of otorrhea, otoscopic aspect, culture-
positive and bacterial counts in middle ear (ME) samples, and loss of
body weight. There was a trend for a better bacteriological outcome
in animals receiving amoxicillin or erythromycin and ibuprofen,
especially with the high dose. Such a dose of ibuprofen, associated
with each antibiotic regimen, also preserved the animal well-being,
avoiding a great weight loss in comparison to those receiving the
antibiotic alone but a statistically significant difference was only
observed for animals receiving delayed therapy with erythromycin
and high-dose ibuprofen. In conclusion, ibuprofen combined with
antibiotics seemed to improve the outcome of this experimental
pneumococcal AOM. (Pediatr Res 60: 555–559, 2006)

AOM is one of the most frequently diagnosed infectious
diseases and the most common reason for antibiotic

prescriptions written for children in many countries (1). Most
experts recommend empirical antimicrobial treatment of
AOM in children to eradicate the pathogen and the use of an
anti-inflammatory or analgesic drug such as ibuprofen or
acetaminophen to relieve the symptoms (2,3). Acetaminophen
acts as a weak inhibitor of the synthesis of prostaglandins
inhibiting cyclooxygenase (COX)-2–dependent pathways (4).
In contrast, ibuprofen inhibits both COX-1 and COX-2 having
more potent analgesic and anti-inflammatory effects (5). We
previously demonstrated using an experimental AOM model
caused by Streptococcus pneumoniae that acetaminophen
combined with amoxicillin/clavulanic acid or erythromycin

had neither a synergistic nor an antagonistic effect on the
antipneumococcal activity (6). Therefore, use of acetamino-
phen to alleviate ear pain and decrease body temperature (3)
may be advocated alone or combined with an antibiotic in the
management of AOM. We selected ibuprofen, a potent anti-
inflammatory drug, to determine its effect when combined
with antimicrobial treatment on the outcome of penicillin-
resistant pneumococcal AOM in a gerbil model.

METHODS

Bacteria. A strain of S. pneumoniae serotype 23 F [minimum inhibitory
concentration (MIC) for benzylpenicillin � 2 �g/mL] isolated from a bacte-
remic patient was used.

Pharmacological compounds. Ibuprofen sodium salt and erythromycin
(Sigma Chemical Co., St. Louis, MO) and amoxicillin trihydrate (Glaxo-
SmithKline, Worthing, UK) were used for in vitro studies. For in vivo
(therapeutic) use, Junifen, an ibuprofen suspension (Boots Healthcare Inter-
national, Nottingham, UK), was used diluted with sterile distilled water to the
desired concentrations. Commercial vials [Clamoxyl (amoxicillin), Glaxo-
SmithKline, S.A., Madrid, Spain, and Pantomicina (erythromycin lactobion-
ate), Abbott Laboratories, S.A., Madrid, Spain] were reconstituted in nonpy-
rogenic sterile distilled water to the desired concentrations.

In vitro studies. MIC and minimum bactericidal concentration values were
determined for amoxicillin, erythromycin, and ibuprofen by a microdilution
broth method following the Clinical and Laboratory Standards Institute
(formerly National Committee for Clinical Laboratory Standards) procedures
(7,8). Checkerboard broth microdilution method for antibiotic and ibuprofen
synergy testing was used following recommended methods (9). A fractional
inhibitory concentration index value of �0.5 was defined as synergism,
�0.5–4 as indifference, and �4 as antagonism. All in vitro experiments were
done in triplicate.

Animals. Eight- to 9-wk-old adult female Mongolian gerbils (Meriones
unguiculatus) that weighed 49 � 5 g each were purchased from the Centre
d’Élevage R. Janvier (Le Genest, St.-Isle, France). They were given free
access to food and water and were housed in a protected unit with a slight
negative pressure and with 12-h light/dark cycles. For invasive procedures,
animals were intramuscularly anesthetized with 50 mg/kg ketamine (Ketolar;
Parke-Davis, Barcelona, Spain) and 13 mg/kg xylazine (Rompun; Bayer,
Leverkusen, Germany).

The study was performed in accordance with prevailing regulations re-
garding the care and use of laboratory animals in the European Community
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and approved by the Review Board for Animal Experimentation of Fundación
Jiménez Dı́az-Capio.

Experimental otitis. An overnight culture of the organism was kept in
aliquots at �70°C, and on each day of experimentation, a freshly thawed
aliquot of S. pneumoniae was incubated for 4 h at 35°C in brain-heart infusion
broth (Oxoid, Ltd., Basingstoke, UK) enriched with 5% horse serum (BHIE)
(bioMérieux, Marcy-L’Étoile, France). Animals were inoculated bilaterally,
as previously reported (10), with �106 colony-forming units (CFU) of S.
pneumoniae per 20 �L, which were introduced directly in the ME bulla. The
number of viable bacteria in the different inocula was determined by colony
counting. The tympanic membrane was left intact and swelled without rupture
during the inoculation. The normal tympanic aspect and correct inoculation
were verified by an otolaryngologist by direct otomicroscopy using an
operating microscope. AOM was defined as otorrhea through a perforation in
the tympanic membrane and/or inflammatory signs with changes in the
membrane’s normal yellowish-pink appearance to a gray, dark brownish-
yellow, or whitish opaque area, with a very rough surface texture. Three
animals (six ears) were inoculated with 20 �L of BHIE per ear to find out the
possible role of broth as inductor of otitis media.

To explore the presence of bacteremia in infected animals, blood cultures
were performed in four animals 20 h after bacterial inoculation.

Treatment regimen and efficacy studies. Each antibiotic was tested at 5
mg/kg and was administered s.c. in 500 �L. Ibuprofen was administered
orally at 2.5 or 7.5 mg/kg 30 min before each antibiotic dose in experiments
carried out in parallel. Different times of treatment initiation (at 5 and 18 h PI.)
and number of doses (one or five at 3-h intervals) were evaluated. The first
regimen (early therapy) comprised 60 animals per antibiotic distributed in six
equal groups [untreated controls, ibuprofen 2.5 mg/kg, ibuprofen 7.5 mg/kg,
antibiotic (amoxicillin or erythromycin), ibuprofen 2.5 mg/kg plus antibiotic,
and ibuprofen 7.5 mg/kg plus antibiotic] treated in one single dose 5 h PI. The
second regimen (delayed therapy) comprised six identical groups but treated
in five doses (at 3-h intervals) starting 18 h PI. All therapeutic groups received
the same volume administered orally and s.c. per animal with the drug
dilution or alternatively with apyrogenated sterile distilled water.

Treated and control animals were studied longitudinally for the presence of
otorrhea (24 h PI), change in weight and otoscopic aspect, and composition of
ME fluid (48 h PI). The ME samples were obtained from both ears by washing
the ME fossa with 20 �L of saline injected and withdrawn via the epitympanic
membrane with a 0.33-mm needle to determine bacterial counts in ME
washing fluid (MEWF). Shortly after sampling, aliquots of serial 10-fold
dilutions in saline were plated onto sheep blood agar and incubated for 24 h
at 35°C in a 5% CO2 atmosphere. Bacterial counts are expressed as log10

CFU/20 �L; the lowest detectable bacterial count was 4 CFU/20 �L (0.60
log10 CFU/20 �L). For evaluating the presence of polymorphonuclear leuko-
cytes, 3 �L of MEWF was extended over a 6-cm2 slide surface to be Gram
stained and observed under a high-power (�1000) microscope. The number
of cells in 20 fields was calculated and expressed as mean [standard deviation
(SD)] per field.

Statistical analysis. To compare the otoscopic appearance, the �2 test for
trends was used. For other qualitative variables, the Fisher exact test was used.
Continuous variables were expressed as means (SD). The Kruskal-Wallis test
was used to compare the loss of body weight, the reduction of log10 CFU/20
�L, and polymorphonuclear leukocyte counts in ME fluid among groups.
Data for culture-negative samples were included in the calculation of means
by assuming a value at the detection limit (0.60 log10 CFU). A p value of
�0.05 was considered statistically significant.

RESULTS

In vitro studies. The MIC/minimum bactericidal concentra-
tion values were 1/1, 0.12/0.12, and 1024/2048 �g/mL for
amoxicillin, erythromycin, and ibuprofen, respectively. The
combination of ibuprofen with either amoxicillin or erythro-
mycin was neither synergistic nor antagonist but indifferent
(fractional inhibitory concentration index � 0.56–1.03).
Experimental otitis and therapeutic efficacy. Animals in-

oculated with BHIE showed no clinical or abnormal otoscopic
signs, and at day 2 PI the MEWF cultures were negative. The
blood cultures were positive in three of the four animals
inoculated with the organism to explore the presence of
bacteremia.

Table 1 presents the comparative findings of untreated
control animals and the early treated animals with low- and
high-dose ibuprofen alone and combined with amoxicillin.
Early treatment with amoxicillin with and without ibuprofen
significantly improved all the parameters related with outcome
as compared to those observed in untreated controls and those
receiving ibuprofen alone. Moreover, ibuprofen (especially in
the high-dose group) associated with amoxicillin showed im-
proved results compared to those of the antibiotic alone,
although the difference was not statistically significant. All
antibiotic-treated animals had significantly lower amounts of
polymorphonuclear leukocytes per field in their MEWF
(range, 0.81 � 0.48–1.64 � 1.06) compared to those animals
not treated with antibiotic (range, 4.06 � 5.1–6.19 � 0.35).

Table 2 presents the comparative therapeutic findings of
untreated controls and animals receiving delayed therapy with
amoxicillin and/or combined with ibuprofen at low and high
doses, administered as five doses 18 h PI. In 70–100% of
animals receiving delayed therapy, otorrhea and AOM were
observed. All animals receiving amoxicillin with or without
ibuprofen showed significantly lower bacterial counts in the
ME compared to untreated controls. In fact, animals receiving
amoxicillin combined with ibuprofen showed a more pro-
nounced reduction in bacterial counts even than those receiv-
ing the antibiotic alone. Animals receiving amoxicillin and the
high dose of ibuprofen showed the lowest weight loss com-
pared to any other group. All antibiotic-treated animals had
lower amounts of polymorphonuclear leukocytes per field in

Table 1. Outcome of AOM caused by S. pneumoniae early (5 h PI) treated with one single dose of ibuprofen (IBU) and
amoxicillin (AMX)

Group
Otorrhea

(%)

No. of ears
with AOM

(%)

No. of ME
culture-positive samples

(%)

Bacterial counts
log10 CFU/20 �L,

mean � SD
% Body weight loss,

mean � SD

Untreated controls 100 100 100 2.66 � 0.65 12.94 � 3.16
IBU 2.5 mg/kg 100 90 95 2.69 � 0.72 10.76 � 5.38
IBU 7.5 mg/kg 85 90 95 2.90 � 0.86 12.35 � 3.19
AMX 5 mg/kg 65* 55† 40† 1.21 � 0.84† 3.41 � 3.47†
AMX 5 mg/kg � IBU 2.5 mg/kg 50† 50† 35† 1.11 � 1.00† 1.69 � 2.67†
AMX 5 mg/kg � IBU 7.5 mg/kg 35† 55† 20† 0.85 � 0.61† 0.92 � 3.35†

* Significant difference (p � 0.05) from values of untreated controls and low dose of ibuprofen alone.
† Significant difference (p � 0.05) from values of non–amoxicillin-treated animals
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the MEWF than animals not treated with antibiotic, but the
difference was not statistically significant.

Table 3 presents the comparative findings of untreated
control animals and the early treated animals with low- and
high-dose ibuprofen alone and combined with erythromycin.
Erythromycin therapy significantly improved all the parame-
ters related with outcome versus the other comparative groups.
Particularly, the regimen containing high-dose ibuprofen and
erythromycin was more effective for most parameters tested
than any other group, although the differences were not sta-
tistically significant. All antibiotic-treated animals had signif-
icantly lower amounts of polymorphonuclear leukocytes per

field in the MEWF (range, 2.06 � 2.04–2.92 � 3.41) than
those of animals not treated with antibiotic (range, 4.46 �
3.84–6.65 � 4.62).

Table 4 presents the findings of untreated controls and
delayed treatment animals receiving erythromycin and/or ibu-
profen administered in five doses every 3 h starting at 18 h PI.
Again, as therapy was initiated late, most animals (80–100%)
had both otorrhea and AOM by otoscopic examination. Ani-
mals receiving erythromycin with or without ibuprofen
showed lower bacterial counts in the ME fluid than the
comparative groups, but the difference was only significant
for those receiving the antibiotic along with ibuprofen. Also

Table 3. Outcome of AOM caused by S. pneumoniae early (5 h PI) treated with one single dose of ibuprofen (IBU) and erythromycin
(ERY)

Group
Otorrhea,

%

No. ears
with AOM

(%)

No. of ME
culture-positive samples

(%)

Bacterial counts
log10 CFU/20 �L,

mean � SD
% Body weight loss,

mean � SD

Untreated controls 95 90 100 3.42 � 0.60 11.85 � 3.57
IBU 2.5 mg/kg 100 100 95 3.17 � 0.89 13.73 � 3.60
IBU 7.5 mg/kg 100 100 100 3.65 � 0.50 14.71 � 1.26
ERY 5 mg/kg 65* 35* 65* 1.81 � 1.35* 6.61 � 4.87*
ERY 5 mg/kg �

IBU 2.5 mg/kg 75* 40* 75* 1.87 � 1.15* 6.01 � 3.27*
ERY 5 mg/kg �

IBU 7.5 mg/kg 70* 15* 70* 1.39 � 0.93* 5.08 � 2.81*

* Significant difference (p � 0.05) from values of non–erythromycin-treated animals.

Table 4. Outcome of AOM caused by S. pneumoniae treated in delayed form (18 h PI) with five doses of ibuprofen (IBU)
and erythromycin (ERY)

Group

No. of ME
culture-positive samples

(%)

Bacterial counts
log10 CFU/20 �L,

mean � SD
% Body weight loss,

mean � SD

Untreated controls 95 2.89 � 0.94 11.67 � 2.82
IBU 2.5 mg/kg 80 2.59 � 1.25 10.13 � 4.03
IBU 7.5 mg/kg 100 2.50 � 0.91 8.67 � 3.08
ERY 5 mg/kg 95 2.22 � 0.58 8.23 � 1.7†
ERY 5 mg/kg � IBU 2.5 mg/kg 80 1.65 � 0.87* 8.18 � 3.2†
ERY 5 mg/kg � IBU 7.5 mg/kg 75 1.80 � 0.98* 5.60 � 2.58‡

* Significant difference (p � 0.05) from non–erythromycin-treated animals.
† Significant difference (p � 0.05) from values of untreated controls and low dose of ibuprofen alone.
‡ Significant difference (p � 0.05) from all groups, except erythromycin plus low dose of ibuprofen.

Table 2. Outcome of AOM caused by S. pneumoniae treated in delayed form (18 h PI) with five doses of ibuprofen (IBU) and amoxicillin
(AMX)

Group

No. of
ME culture-positive

samples

Bacterial counts
log10 CFU/20 �L,

mean � SD
% Body weight loss,

mean � SD

Untreated controls 100 3.19 � 0.73 11.40 � 2.02
IBU 2.5 mg/kg 85 2.62 � 1.11 9.35 � 3.79
IBU 7.5 mg/kg 95 2.59 � 0.97 13.18 � 2.50
AMX 5 mg/kg 95 2.25 � 0.78* 8.68 � 2.04†
AMX 5 mg/kg � IBU 2.5 mg/kg 85 1.82 � 0.92‡ 9.57 � 3.76
AMX 5 mg/kg � IBU 7.5 mg/kg 80 1.79 � 0.93‡ 6.79 � 2.46†

* Significant difference (p � 0.05) from values of untreated controls.
† Significant difference (p � 0.05) from values of untreated controls and high dose of ibuprofen.
‡ Significant difference (p � 0.05) from all other non–amoxicillin-treated groups.
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animals receiving erythromycin had less weight loss than
those not receiving the antibiotic. Furthermore, the percent-
age of weight loss of animals receiving erythromycin with
the high-dose ibuprofen was significantly lower than that of
animals receiving erythromycin alone. All antibiotic-treated
animals had lower amounts of polymorphonuclear leuko-
cytes per field in the MEWF than those of not treated with
antibiotic, but again the differences were not statistically
significant.

DISCUSSION

In the gerbil model of AOM, it is possible to induce a true
bacterial infection as proved by otoscopic examination and the
presence of polymorphonuclear leukocytes in the ME fluid.
On the other hand, this model also allows the comparison of
the bacteriologic efficacy of antibiotics, which, if they are
effective, clear bacteria from the ME faster than spontaneous
bacterial clearance in nontreated animals (6,10–13).

As the pneumococcal strain used was resistant to penicillin
but susceptible to amoxicillin (MIC � 1 �g/mL), a single dose
of this antibiotic administered at 5 h PI was moderately
effective in the treatment of AOM in this model. This result
may be explained by its favorable pharmacokinetics in both
serum (10,11) and ME fluid (12) after an early administration
of 5 mg/kg amoxicillin. The amoxicillin ME fluid concentra-
tion and half-life have been found to be less advantageous
when administration of the antibiotic was delayed (12). These
data can explain, in part, the better outcome achieved when
the antibiotic was administered early compared to delayed
despite giving five doses. These results are also consistent
with previous data showing decreased amoxicillin effective-
ness when administered 21 h PI compared to early adminis-
tration (12). It is interesting to point out that most parameters
of efficacy (presence of otorrhea, number of ME culture-
positive samples, bacterial counts, and body weight) were
more favorable in animals treated early with single doses of
amoxicillin and ibuprofen, especially when the latter was used
at high dose, although these differences were not statistically
significant when compared to those receiving the antibiotic
alone.

After the delayed treatment, bacterial counts were also
lower in animals treated with amoxicillin combined with any
dose of ibuprofen than in those treated with the antibiotic
alone. Furthermore, animals receiving amoxicillin and high-
dose ibuprofen showed the lowest weight loss, although no
significant difference was achieved compared to those receiv-
ing the antibiotic alone. These results clearly favor the use of
ibuprofen combined with amoxicillin, in early or delayed
administration, in the treatment of experimental AOM caused
by this pneumococcal strain.

Early and delayed therapy with erythromycin, with and
without ibuprofen, was effective in this experimental model.
We have previously shown a favorable pharmacokinetic pro-
file in both serum and ME fluid after early administration of 5
mg/kg erythromycin. However, the half-life in the ME fluid is
shorter with delayed administration, which correlates with the
poorer outcome of AOM treated with delayed administration

of erythromycin, an observation also previously published
(13). Animals treated with erythromycin and the high dose of
ibuprofen, administered in early or delayed form, had lower
bacterial counts in the ME fluid than those receiving the
antibiotic alone, although the difference was not statistically
significant. Regarding weight loss, animals treated with eryth-
romycin and the high dose of ibuprofen lost less weight than
those receiving the antibiotic alone, but the difference was
statistically significant only for those receiving the treatment
in delayed form. These results also favor the use of ibuprofen
combined with erythromycin, in early or delayed administra-
tion, in the treatment of experimental AOM caused by this
pneumococcal strain.

The benefit observed in animals treated with antibiotics
combined with ibuprofen can be partly explained by the effect
of ibuprofen in preventing animal deterioration, maintaining
almost normal food and water intake, and hence, losing less
body weight. This effect was statistically significant only for
delayed administration of erythromycin, but it is possible that
significant differences could be achieved if a greater number
of animals had been used, but this was precluded by ethical
reasons.

In animals treated with antibiotics and ibuprofen, there was
also a tendency for a better bacteriological outcome, which
may not be explained by a direct antimicrobial activity of
ibuprofen against the organism (MIC � 1024 �g/mL) because
ibuprofen serum concentration has been reported to be be-
tween 6 and 14 �g/mL in gerbils receiving similar doses of
this drug (14). Additionally, we did not demonstrate any
antibacterial synergism to explain these results because we
only found indifference between antibiotics and ibuprofen
using a checkerboard method. The effect of anti-inflammatory
drugs in the clinical efficacy of antibiotics has been debated in
many infections, particularly in bacterial meningitis (15,16). If
ibuprofen had a relevant anti-inflammatory effect in the ME,
the antibiotic concentration would be diminished as its effec-
tiveness. As it has been suggested that the effect of ibuprofen
may be dose dependent with a proinflammatory effect at low
dose (17), we tested two different (low and high) doses, and a
clear trend for benefit was always observed. Ibuprofen in-
creases leukocyte phagocytosis and degranulation (18), and
such features may explain, at least in part, its positive effect in
the bacteriological outcome when combined with active anti-
biotics. A randomized, double-blind, controlled trial of cefa-
clor plus ibuprofen, acetaminophen, or placebo in children
with AOM showed the efficacy of ibuprofen for pain relief (2),
but no bacteriological analysis was provided in such study.

In summary, ibuprofen seems to be useful combined with
antibiotics for the treatment of an experimental pneumococcal
AOM, an effect not observed using acetaminophen (6). Early
therapy clearly correlated with improved effectiveness; there-
fore, if antibiotics are indicated, they should be administered,
combined with ibuprofen, as early as possible. This therapeu-
tic approach, which has been proposed by some authors
(19,20), may lead to achieving maximal effectiveness and
preventing serious complications (21).

558 DEL PRADO ET AL.



Acknowledgment. We thank J. J. Granizo, Epidemiology
and Preventive Medicine Unit, Fundación Jiménez Dı́az-
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