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The management of acute otitis media is complicated by the emergence of resistance to b-lactam and other
antibiotics among common pathogens. We conducted a large, international study of infants and children with
acute otitis media to identify pathogens and susceptibility patterns. During the winter of 1994 to 1995, middle
ear fluid samples were collected from 917 patients with acute otitis media in Bulgaria, the Czech Republic,
Hungary, Romania, Slovakia, Israel, and the United States. A single reference laboratory performed in vitro
susceptibility testing. Pathogens were isolated from 62% of the patients. For Streptococcus pneumoniae (30% of
the patients), untypeable Haemophilus influenzae (17%), and Moraxella catarrhalis (4%), there was significant
variation among geographic regions (P < 0.001). The composite susceptibilities of these three organisms to
amoxicillin ranged from 62% in the United States to 89% in Eastern and Central Europe; the corresponding
susceptibilities to amoxicillin-clavulanate ranged from 90% in Israel to 95% in Eastern and Central Europe.
b-Lactamase was produced by 31 and 100% of the isolates of H. influenzae and M. catarrhalis, respectively. More
isolates of S. pneumoniae were susceptible to amoxicillin (90%) or amoxicillin-clavulanate (90%) than to
penicillin (70%; P 5 0.002). The prevalence of resistant S. pneumoniae was highest in patients less than 12
months of age. S. pneumoniae, H. influenzae, and M. catarrhalis remain the most important bacterial pathogens
in patients with acute otitis media; however, their prevalence is variable and resistance patterns are changing.

Acute otitis media continues to be an important public
health problem around the world. The most common bacterial
pathogen, Streptococcus pneumoniae, has been implicated as
part of the current antibiotic resistance crisis (33). The first
cases of penicillin-resistant S. pneumoniae were reported in
Australia and New Guinea in the early 1970s (21, 22). In less
than a decade, highly resistant strains that exhibited resistance
to multiple antibiotics were isolated from patients with invasive
infections, as well as from carriers, in South Africa (3, 28). The
prevalence of penicillin-resistant pneumococcal infections has
escalated steadily. The increasing use of day-care facilities pro-
vides a vector for transmission of resistant pneumococci (10,
39). International spread of resistant isolates has been docu-
mented (30, 32, 43), so that penicillin-resistant pneumococcal
infections have become a global problem (1, 2).

The optimal management of acute otitis media is widely
debated for many reasons (6, 20, 38), beginning at the most
basic level of medical management, because there is no con-
sensus regarding diagnostic criteria (5). The selection of anti-
biotic therapy is usually empiric because of the difficulty of
obtaining cultures. Although authorities usually agree that S.
pneumoniae and untypeable Haemophilus influenzae are the
most common bacterial pathogens (5), the prevalence of resis-
tance is not as well documented. Eradication of pathogens
from middle ear fluid and clinical outcome have been reported
to be less favorable if pathogens with reduced antimicrobial
susceptibility are present (12, 19).

To help answer these questions, we conducted a large, pro-
spective study of bacterial isolates associated with acute otitis
media. To minimize the risk of overlooking any isolates, espe-
cially penicillin-resistant S. pneumoniae, we evaluated a large
number of patients in several countries. Strict diagnostic cri-
teria for otitis media were used, including otoscopic findings of
middle ear effusion or purulent otorrhea and local indicators of
acute inflammation. This report summarizes the microbiolog-
ical findings on pretherapy middle ear fluid specimens ob-
tained from 917 patients with acute otitis media as part of a
prospective, multinational clinical study.

(The clinical results reported here were published previously
[23], and the preliminary microbiologic results were published
as abstracts [26, 27].)

MATERIALS AND METHODS

Patients. Infants and children up to 12 years of age who met strict criteria for
acute otitis media with effusion (23) were eligible for enrollment. The lower age
limits of eligibility were 3 months in the United States and Israel and, because of
regulatory issues, 9 months in Eastern and Central Europe. Acute otitis media
was diagnosed on the basis of otoscopic findings of either middle ear effusion or
purulent otorrhea with a duration of less than 24 h.

Informed consent was obtained from parents or legal guardians. The protocol
was approved by institutional review boards at participating institutions.

Microbiology. Middle ear fluid samples were collected by tympanocentesis or
myringotomy. If tympanostomy tubes were present or the tympanic membrane
had ruptured, samples were collected on swabs. Initial isolation procedures were
performed on blood and chocolate agar plates, by local microbiology laborato-
ries, and all isolates recovered were forwarded to the reference laboratory of one
of the investigators (M.R.J.) for confirmation of identification and in vitro sus-
ceptibility testing. Isolates received at the reference laboratory were identified by
standard methods (34). Serotypes of penicillin-resistant S. pneumoniae isolates
were determined by the Statens Seruminstitut, Copenhagen, Denmark, courtesy
of Helle Bossen Konradsen.
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Susceptibility testing. MICs of penicillin, amoxicillin, amoxicillin-clavulanate,
erythromycin, clindamycin, trimethoprim-sulfamethoxazole, tetracycline, and
chloramphenicol were determined by the broth microdilution method of the
National Committee for Clinical Laboratory Standards with cation-adjusted
Mueller-Hinton broth (Difco Laboratories, Detroit, Mich.) supplemented with
5% lysed horse blood for S. pneumoniae (35). MICs of amoxicillin and amoxi-
cillin-clavulanate were determined by using Haemophilus test medium for Hae-
mophilus species and Moraxella (Branhamella) catarrhalis (35). b-Lactamase pro-
duction was determined for Haemophilus species and M. catarrhalis by the
chromogenic cephalosporin method by using nitrocefin as the substrate (34).

MICs were interpreted according to the National Committee for Clinical
Laboratory Standards M100-S6 informational supplement (36). All b-lactamase-
producing H. influenzae and M. catarrhalis isolates were interpreted as resistant
to amoxicillin, regardless of the MICs.

Statistical design and analysis. The target enrollment was set at 1,000 assess-
able patients to obtain 30 to 50 patients with acute otitis media due to S.
pneumoniae isolates that were intermediately or fully resistant to penicillin. Data
from Eastern and Central Europe were combined. Data analyses were per-
formed with SAS Institute statistical software (41). Log-linear techniques were
used to test for statistical independence of age (categorized), region of origin,
and pathogen prevalence for each age group. Where the null hypotheses of
independence were rejected, subsequent analyses were conducted at the appro-
priate level of detail for comparisons between age groups and regions. One-way
analysis of variance or the Kruskal-Wallis test compared means across regions.
Chi-square tests were used to test bivariate null hypotheses of independence. P
values were adjusted for multiple comparisons as appropriate (16).

RESULTS

Patients. Specimens of middle ear exudate were obtained
from 917 assessable patients enrolled in the study during the
winter of 1994 to 1995. Twenty-one investigators from Eastern
and Central European countries enrolled 529 patients (58%).
Four investigators from Israel enrolled 107 patients (12%).
Ten centers in the United States, comprising six university-
affiliated hospitals and four private practices, enrolled 281 pa-
tients (31%).

Mean ages (6 the standard deviation) were 4.6 6 2.9 years
in Eastern and Central Europe, 1.4 6 1.8 years in Israel, and
2.6 6 2.3 years in the United States (P 5 0.0001, between
regions). Because of differences in the lower age limits of
eligibility, younger patients were enrolled in the ,12-month
age group in the United States (mean, 7.8 6 2.3 months; n 5
63) and Israel (mean, 6.7 6 2.7 months; n 5 52) than in
Eastern and Central Europe (9.2 6 1.9 months; n 5 25) (P 5
0.0001, between regions).

Microbiology results. Specimens were obtained by tympa-
nocentesis (80%) or from the discharge from ruptured tym-
panic membranes (18%) or tympanostomy tubes (2%) (Table

1). Pathogens were isolated from 569 patients (62%). The most
frequently isolated pathogen was S. pneumoniae (30%), which
was followed by untypeable H. influenzae (17%), S. pyogenes
(7%), M. catarrhalis (4%), and mixtures of these pathogens
(3%) (Fig. 1).

There were differences in the geographic distribution of
potentially resistant pathogens (i.e., pathogens that have de-
veloped antimicrobial resistance, namely, S. pneumoniae, H.
influenzae, and M. catarrhalis). Among the three geographic
regions, significant differences (P , 0.001) were found for the
following comparisons: any versus no pathogen, S. pneumoniae
versus no S. pneumoniae, S. pneumoniae versus H. influenzae
and M. catarrhalis, H. influenzae versus no H. influenzae, and H.
influenzae versus S. pneumoniae and M. catarrhalis.

The likelihood of isolating a potentially resistant pathogen
decreased with increasing age. In Eastern and Central Europe,
the prevalence of resistant pathogens fell from 73 to 40% as
the patients’ ages rose from ,12 to .60 months (P 5 0.008)
and from 57 to 44% as the ages rose from #35 to $36 months
(P 5 0.006). In the United States, the corresponding preva-
lence fell from 72 to 41% (P 5 0.005) and from 72 to 62% (P 5
0.03). There were not enough older patients in Israel to ana-

FIG. 1. Culture results of middle ear aspirates obtained from patients in
Eastern and Central Europe, Israel, and the United States.

TABLE 1. Culture results obtained by the specimen
collection method

Organism(s)

No. of isolates (% of patients)

Tympano-
centesis

Ruptured
tympanic

membrane

Tympan-
ostomy tube All

S. pneumoniae 241 (33) 34 (20) 4 (22) 279 (30)
H. influenzae 140 (19) 13 (8) 3 (17) 156 (17)
M. catarrhalis 39 (5) 1 (1) 0 40 (4)
S. pyogenes 37 (5) 27 (16) 2 (11) 66 (7)
Mixed pathogensa 23 (3) 3 (2) 2 (11) 28 (3)
Contaminantb or no growth 248 (34) 91 (54) 7 (39) 346 (38)

Total 728 (80) 169 (18) 18 (2) 915 (100)c

a Mixed pathogens were S. pneumoniae and H. influenzae (n 5 10), S. pneu-
moniae and M. catarrhalis (n 5 7), S. pneumoniae and S. pyogenes (n 5 4), H.
influenzae and M. catarrhalis (n 5 3), and H. influenzae and S. pyogenes (n 5 4).

b Staphylococcus aureus (n 5 49) was interpreted as a contaminant.
c The method of specimen collection from two patients, one with S. aureus and

one with no growth, was missing.
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lyze this trend. The likelihood of isolating S. pneumoniae (P 5
0.012) decreased in Eastern and Central Europe as the ages
rose from #35 to $36 months, but not in the other regions.

Susceptibility testing. In vitro susceptibility testing was per-
formed on 454 potentially resistant pathogens that were re-
ceived in viable condition by the reference laboratory. The
composite susceptibility to amoxicillin for S. pneumoniae, H.
influenzae, and M. catarrhalis was 76%, ranging from 62% in
the United States to 89% in Eastern and Central Europe
(Table 2). The corresponding susceptibility to amoxicillin-cla-
vulanate was 94% overall, ranging from 90% in Israel to 95%
in Eastern and Central Europe.

Of 147 isolates of H. influenzae, 31% produced b-lactamase,
including 13% of 52 from Eastern and Central Europe, 26% of
31 from Israel, and 47% of 64 from the United States. Of 36
isolates of M. catarrhalis, all produced b-lactamase.

Of 271 isolates of S. pneumoniae, 30% were intermediately
or fully resistant to penicillin, including 31% in Central and
Eastern Europe, 52% in Israel, and 21% in the United States
(P 5 0.012). The prevalence of intermediately or fully penicil-
lin-resistant S. pneumoniae isolates was variable among Cen-
tral and Eastern European countries, ranging from 4% in the
Czech Republic to 41% in Romania (Table 3).

More isolates of S. pneumoniae were susceptible to amoxi-
cillin (90%) or amoxicillin-clavulanate (90%) than to penicillin
(70%; P 5 0.002; Table 4). Figure 2 illustrates the distribution
of MICs of penicillin and amoxicillin; MICs of amoxicillin-
clavulanate were nearly identical to those for amoxicillin (data
not shown). The three b-lactam antibiotics had identical MICs
at which 50% of the isolates were inhibited (MIC50s (0.015
mg/ml) and MIC90s (1 mg/ml). However, while almost all fully
and intermediately penicillin-susceptible strains were suscep-
tible to amoxicillin and amoxicillin-clavulanate, penicillin-re-
sistant strains were all intermediately or fully resistant to these
agents (Table 5). Susceptibilities to non-b-lactam antimicrobi-
als ranged from 59% for trimethoprim-sulfamethoxazole to
90% for chloramphenicol. When susceptibilities to other anti-
microbials were stratified by penicillin susceptibility (Table 5),
intermediately or fully penicillin-resistant isolates were more
likely to be resistant to trimethoprim-sulfamethoxazole (82
versus 23%; P 5 0.001) and erythromycin (39 versus 4%; P 5
0.001) than were penicillin-susceptible isolates.

The prevalence of resistant S. pneumoniae was highest in the
youngest age groups (Fig. 3). Values for intermediately or fully
penicillin-resistant isolates were higher in the ,12-month age
group than in the $12-month age group in all regions (48
versus 26%; P 5 0.001) and in the United States (47 versus
13%; P 5 0.001); the corresponding differences were not sta-
tistically significant in Eastern and Central Europe (47 versus
30%) or in Israel (50 versus 13%). Amoxicillin-resistant S.

pneumoniae was isolated from 10% of all patients, and its
prevalence was highest in the ,12-month age group in the
United States (37% of 19 patients) and in the 12- to 23-month
age group in Israel (60% of 5 patients) and Eastern and Cen-
tral Europe (12% of 42 patients); however, these differences
were not significant. Analogous findings were obtained for
amoxicillin-clavulanate-resistant isolates of S. pneumoniae.
Erythromycin and trimethoprim-sulfamethoxazole resistance
was highest in the youngest and oldest children, but these
differences were not significant.

Resistance patterns and serotypes were determined for 82
isolates of S. pneumoniae that were intermediately or fully
resistant to penicillin (Table 6). The most common serotypes
were 6A (24%) and 23F (21%). The most common pattern was
resistance to penicillin and trimethoprim-sulfamethoxazole
(38% of intermediately or fully resistant isolates), found in
eight serotypes, followed by resistance to penicillin, tri-
methoprim-sulfamethoxazole, tetracycline, erythromycin, and
clindamycin (22%), found predominantly in serotype 6A, and
resistance to penicillin (13%), found in six serotypes. Thirty-
nine isolates (48%) exhibited resistance to three or more an-
timicrobials.

DISCUSSION

To our knowledge, this is the largest multinational, single-
season microbiologic study of infants and children with acute
otitis media. Bacterial pathogens were cultured from 62% of
the patients who had acute otitis media as defined by strict
diagnostic criteria. As expected, S. pneumoniae and H. influ-
enzae predominated, but the prevalence, age distribution, and
antibiotic susceptibility of these species varied among geo-
graphic regions. S. pneumoniae was more likely to be isolated
from patients in Eastern and Central Europe (35% of patients)

TABLE 2. Susceptibility of isolates tested at reference laboratory,a including isolates from mixed infections

Organism(s)

No. of susceptible isolatesb/total no. of isolates (% of isolates)

Amoxicillin Amoxicillin-clavulanate

Europe Israel United
States Total Europe Israel United States Total

S. pneumoniae 154/166 (93) 19/25 (76) 70/80 (88) 243/271 (90) 155/166 (93) 19/25 (76) 70/80 (88) 244/271 (90)
H. influenzae 45/52 (87) 23/31 (74) 36/64 (56) 102/147 (69) 52/52 (100) 31/31 (100) 63/64 (98) 146/147 (99)
M. catarrhalis 0/5 (0) 0/4 (0) 0/27 (0) 0/36 (0) 5/5 (100) 4/4 (100) 27/27 (100) 36/36 (100)

Total 199/223 (89) 42/60 (70) 106/171 (62) 345/454 (76) 212/223 (95) 54/60 (90) 160/171 (94) 426/454 (94)

a Isolates not received for testing were S. pneumoniae (n 5 29), H. influenzae (n 5 26), and M. catarrhalis (n 5 14).
b Susceptibility breakpoints: #0.5 mg/ml for S. pneumoniae and #4 mg/ml for H. influenzae and M. catarrhalis.

TABLE 3. Susceptibility of S. pneumoniae isolates from Eastern
and Central Europe to penicillin

Country
(no. of isolates)

No. (%) of isolates

Susceptiblea Intermediately
resistant

Fully
resistant

Intermediately
or fully
resistant

Bulgaria (32) 21 (66) 7 (22) 4 (13) 11 (34)
Czech Republic (26) 25 (96) 1 (4) 0 (0) 1 (4)
Hungary (13) 11 (85) 2 (15) 0 (0) 2 (15)
Romania (82) 48 (59) 31 (38) 3 (4) 34 (41)
Slovakia (13) 9 (69) 3 (23) 1 (8) 4 (31)
All (166) 114 (69) 44 (27) 8 (5) 52 (31)

a Susceptible, #0.06 mg/ml; intermediate, 0.12 to 1 mg/ml; resistant, $2 mg/ml.
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than from those in Israel (21%) or the United States (26%). In
contrast, the prevalence of H. influenzae was higher in Israel
(27%) and the United States (26%) than in Eastern and Cen-
tral Europe (11%). Finally, the prevalence of M. catarrhalis was
highest in the United States (12%), while the prevalence of S.
pyogenes was highest in Eastern and Central Europe (10%).

While the identity of the organisms is not surprising, our
findings, in agreement with those of other investigators, sug-
gest that resistance patterns are changing. The proportions of
fully or intermediately penicillin-resistant S. pneumoniae iso-
lates are high, ranging from 30 to 50% in recent studies (7, 12,
15, 17, 19, 31, 40), each involving 61 to 155 isolates of S.
pneumoniae from middle ear fluid. Intermediately penicillin-
resistant isolates predominate in some regions, such as south-
ern Israel, where Dagan et al. (15) reported that 38% of S.
pneumoniae isolates were intermediately resistant and only 4%
were fully resistant. In contrast, fully resistant isolates predom-
inate in Paris, where Gehanno et al. (19) reported that 38% of
isolates were fully resistant and only 12% were intermediately
resistant. Numbers of intermediately or fully penicillin-resis-
tant S. pneumoniae isolates from middle ear fluid were similar
to (15, 24, 40) or higher than (8, 9, 17, 29, 44) those associated
with invasive pneumococcal infections. Of 271 isolates of S.
pneumoniae tested in our study, 30% were intermediately or
fully resistant to penicillin and 8% were fully resistant. Inter-
estingly, the prevalence of intermediately and fully penicillin-
resistant S. pneumoniae isolates from Central and Eastern Eu-
rope in our study matched the prevalence of fully resistant
nasopharyngeal isolates from children in the same countries
(4). Finally, 48% of intermediately and fully penicillin-resistant
isolates were resistant to multiple antimicrobial classes in our
study.

Only 10% of the isolates of S. pneumoniae were resistant to

amoxicillin or amoxicillin-clavulanate in our study, with no
difference in activity between the latter two agents against this
species. Doern et al. (17) reported that many isolates of pen-
icillin-resistant S. pneumoniae were susceptible to amoxicillin
or amoxicillin-clavulanate; amoxicillin and amoxicillin-clavu-
lanate were more active against penicillin-resistant S. pneu-
moniae isolates than was cefuroxime and nearly as active as
cefotaxime and ceftriaxone (17). Furthermore, Craig and
Andes (11) evaluated the ability of currently approved dosage
regimens, including b-lactam agents, macrolides, and tri-
methoprim-sulfamethoxazole, to provide concentrations above
the MIC90 for at least 40% of the dosing interval. Amoxicillin-
clavulanate and ceftriaxone were considered the best available
antibiotics for covering the bacterial pathogens associated with
otitis media, including intermediately and fully penicillin-resis-
tant S. pneumoniae (11).

The most frequently isolated pneumococcal serotypes in our
study were 6A (24%) and 23F (21%), while serotypes 9V, 14,
and 19F collectively accounted for 37%. These serotypes also
predominated in other studies of intermediately or fully pen-
icillin-resistant S. pneumoniae isolated from middle ear fluid
(7, 15, 40), other sites (8, 9, 17, 24, 29, 42, 44), and nasopha-
ryngeal carriers (4, 13, 14).

Resistance to amoxicillin was common among nonpneumo-
coccal organisms. Thirty-one percent of the isolates of H. in-
fluenzae produced b-lactamase, including 47% of those from
the United States. Similarly, 51% of the H. influenzae isolates
produced b-lactamase in a recent multicenter study of middle
ear isolates from the United States (31). All isolates of M.
catarrhalis produced b-lactamase in our study and, similarly, in
a study of patients from rural Kentucky (7).

Young age appears to be an important risk factor for isola-
tion of a bacterial pathogen from middle ear fluid and for

FIG. 2. MICs of penicillin and amoxicillin for 271 isolates of S. pneumoniae.

TABLE 4. Susceptibility of 271 isolates of S. pneumoniae to b-lactam antibiotics and other antimicrobials

Antibiotic(s)

Breakpoint (mg/ml) No. (%) of isolates

Susceptible Intermediate
resistance Full resistance Susceptible Intermediately

resistant Fully resistant

Penicillin #0.06 0.12–1 $2 189 (70) 59 (22) 23 (8)
Amoxicillin #0.5 1 $2 243 (90) 13 (5) 15 (6)
Amoxicillin-clavulanate #0.5 1 $2 244 (90) 16 (6) 11 (4)
Erythromycin #0.25 0.5 $1 231 (85) 0 40 (15)
Clindamycin #0.25 0.5 $1 241 (89) 0 30 (11)
Trimethoprim-sulfamethoxazole #0.5 1–2 $4 161 (59) 0 110 (41)
Tetracycline #2 4 $8 210 (77) 9 (3) 52 (19)
Chloramphenicol #4 NAa $8 245 (90) NA 26 (10)

a NA, not applicable.
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antibiotic resistance. In our study, bacterial isolation was high-
est for the youngest patients and declined progressively with
increasing age. In addition, the penicillin resistance of S. pneu-
moniae was higher in younger patients and occurred in nearly
half of those in the ,12-month age category. In contrast,
isolates of S. pyogenes were found primarily in older children.
Although we are not aware of previous reports of an associa-
tion between age and the likelihood of isolation of a bacterial
pathogen, others have described an association between young
age and penicillin resistance of S. pneumoniae isolated from
middle ear fluid (7, 40) or from other sites (8, 9). Hypoimmu-
nogenic serogroups, mainly groups 6, 9, 14, 19, and 23, are
most often carried by infants and young children (4, 14, 18, 25),
whereas other serogroups are usually carried by older patients.
Because infants and young children are more frequently
treated with antibiotics, the corresponding serogroups are
more likely to be exposed to antibiotics and therefore may be
more likely to develop resistance than other serogroups.

Our microbiologic findings may have clinical implications
because the selection of antibiotic therapy for intermediately
or fully penicillin-resistant S. pneumoniae infections depends
on patient factors, such as site of infection, and on antibiotic
factors, such as route of administration. While serious pneu-
mococcal infections such as meningitis require treatment with
high-dose parenteral cefotaxime, ceftriaxone, vancomycin, or
possibly a carbapenem (18, 25), the need for these antibiotics
is not clear in the case of nonmeningeal infections. In a recent
study of patients with pneumococcal pneumonia from Barce-
lona (37), parenteral penicillin therapy produced comparable
outcomes and similarly low mortality, regardless of whether
the infection was caused by penicillin-resistant or -susceptible
isolates. The need for parenteral agents in patients with acute
otitis media is especially doubtful because of the low morbidity,
high frequency of spontaneous recovery, and frequent resolu-
tion of clinical signs and symptoms, despite the persistence of
bacteria in middle ear fluid (5, 6, 18). However, Gehanno et al.
(19) and Dagan et al. (12) reported an increased risk of clinical
and microbiologic failure when oral b-lactam antibiotics with
reduced activity against penicillin-resistant S. pneumoniae (i.e.,
cefaclor or cefuroxime axetil) were administered. On the other
hand, the clinical response to amoxicillin-clavulanate therapy
was independent of penicillin susceptibility in children with
pneumococcal otitis media in the clinical analysis (23) of our
study. In addition, our finding of a 23% improvement in the
composite susceptibility of potentially resistant pathogens after
addition of clavulanate to amoxicillin suggests that this com-

bination may be appropriate for acute otitis media, particularly
in the United States, where b-lactamase-producing organisms
were most prevalent.

Our findings underscore the need for additional studies to
assess the clinical relevance of our findings. In the meantime,
practitioners should familiarize themselves with local microbi-
ologic surveillance data. Our findings also underscore the need
for vaccines to prevent colonization with otitis media patho-
gens, as has been achieved with H. influenzae type b conjugate
vaccines in preventing bacteremia and meningitis due to this
organism. While the current pneumococcal polysaccharide
vaccines are poorly immunogenic in children under 3 years of
age, conjugate pneumococcal vaccines, which should include
serotypes associated with resistance, should greatly reduce the
spread of these organisms (13) and the occurrence of disease in
infants and young children. Development of vaccines against
untypeable H. influenzae and M. catarrhalis could have similar
efficacy against these species, but this approach has not been
addressed.

FIG. 3. Distribution of 271 isolates of S. pneumoniae by age group and
antibiotic susceptibility.

TABLE 5. Susceptibility of 271 isolates of S. pneumoniae to various antimicrobials with respect to penicillin susceptibility

Antibiotic(s)

No. (%) of isolatesa

Penicillin susceptibleb Intermediately penicillin resistantc Fully penicillin resistantd

S I R S I R S I R

Amoxicillin 189 (100) 0 0 56 (95) 3 (5) 0 0 9 (39) 14 (61)
Amoxicillin-clavulanate 189 (100) 0 0 57 (97) 2 (3) 0 0 13 (57) 10 (43)
Erythromycin 181 (96) 0 8 (4) 34 (58) 0 25 (42) 16 (70) 0 7 (30)
Clindamycin 186 (98) 0 3 (2) 36 (61) 0 23 (39) 19 (83) 0 4 (17)
Trimethoprim-sulfamethoxazole 145 (77) 0 44 (23) 14 (24) 0 45 (76) 1 (4) 0 22 (96)
Tetracycline 162 (86) 7 (4) 20 (11) 37 (63) 2 (3) 20 (34) 13 (57) 0 10 (43)
Chloramphenicol 177 (94) NAe 12 (6) 52 (88) NA 7 (12) 16 (70) NA 7 (30)

a S, susceptible; I, intermediately resistant; R, fully resistant.
b n 5 189.
c n 5 59.
d n 5 23.
e NA, not applicable.
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