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SUMMARY

The aim of this study was to carry out a nationwide survey to assess the susceptibility of clinical isolates of four respiratory pathogens against
nine antibiotics. Eight Spanish centers participated in the study, collecting a total of 977 isolates of Streptococcus pneumoniae, Strep-
tococcus pyogenes, Haemophilus influenzae and Moraxella catarrhalis. The susceptibility of S. pneumoniae to penicillin was 37.46% sus-
ceptible, 30.43% intermediate and 32.11% resistant. MIC,, of all antibiotics against this microorganism were 4-8 mg/l, except cefaclor,
cefixime and azithromycin. For S. pyogenes, all the strains were susceptible to penicillins and cephalosporins, and azithromycin was the least
active with a rate of resistance of 11.43%. A total of 95 isolates of H. influenzae were betalactamase positive (26.32%). With regard to
M. catarrhalis, only penicillin and amoxicillin showed MICsy, 28 mg/I.
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Actividad de los antibidticos orales
frente a los microorganismos patdégenos
de las vias respiratorias en Espana

RESUMEN

El objetivo de este estudio fue realizar una encuesta de ambito nacional para evaluar la sensibilidad de las cepas clinicas de cuatro microor-
ganismos patdégenos respiratorios a nueve antibidticos. En el estudio participaron ocho centros espanoles, recogiendo un total de 977 cepas
de Streptococcus pneumoniae, Streptococcus pyogenes, Haemophilus influenzae y Moraxella catarrhalis. £/ 37,46% de S. pneumoniae fue
sensible a la penicilina, el 30,43% mostré resistencia intermedia y el 32,11% fue resistente. Las CMl,, de todos los antibiéticos frente a este
microorganismo fueron de 4-8 mg/l, excepto para cefaclor, cefixima y azitromicina. En el caso de S. pyogenes, todas las cepas fueron sen-
sibles a la penicilina y las cefalosporinas, mientras que la azitromicina fue el antibiético menos activo, con un grado de resistencia que alcanzé
el 11,43%. Noventa y cinco cepas de H. influenzae fueron betalactamasa positivas (26,32%). En el caso de M. catarrhalis, sélo la penicilina
y la amoxicilina tuvieron CMlg, 28 mg/l.
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INTRODUCTION

Resistance of pathogens frequently isolated from com-
munity-acquired respiratory tract infections to commonly
used antimicrobials has increased exorbitantly in the last
two decades (1). For Streptococcus pneumoniae, a variable
geographical distribution of such resistance is observed,
with countries such as Taiwan, Hong Kong, Mexico, the
United States, the Slovak Republic, France and Spain
showing high rates of penicillin intermediate or fully re-
sistant strains (1-3). In Spain, isolates with penicillin MIC
20.12 mg/] have increased from 6% in 1979 to over 40%
ten years later (4). A recent study reported a 36.5% inci-
dence of fully resistant strains (5).

No less important is the increase in macrolide resis-
tance of this microorganism, which is commonly associated
with betalactam resistance (6). Some countries with high
rates of penicillin resistance also show high macrolide re-
sistance rates (i.e. France, Spain, Hong Kong) (1). How-
ever, antimicrobial consumption may also play an impor-
tant role in this increase, as demonstrated in the case of a
region in Italy with high rates of macrolide resistance but
low percentages of penicillin resistance (1).

With respect to other microorganisms causing respira-
tory tract infections, Haemophilus influenzae has become
important because of the increase in betalactamase-produc-
er strains. Countries such as the United States, Hong Kong,
France and Spain again show the highest rates of such iso-
lates, with values around 30% (1). Also of concern is the
number of betalactamase-negative and ampicillin-resistant
strains, with low rates worldwide (0.3%) though neverthe-
less indicating the need for caution (1).

In the case of Streptococcus pyogenes, which maintains
full susceptibility to penicillin, the main problem arises
from the increasing rates of macrolide resistance. In Spain,
the use of these agents in the treatment of common infec-
tions such as pharyngitis has probably led to a 15-25% rate
of resistant strains (7-9). This is important because all 14-
and 15-membered macrolide agents are affected to the same
degree, while miocamycin (a 16-membered ring macrolide)
and clindamycin (lincosamide) retain good activity against
strains showing the M-phenotype (7).

Finally, Moraxella catarrhalis is also an important
pathogen, causing infections such as the acute exacerbation
of chronic bronchitis and presenting betalactamase produc-
tion as the only currently known resistance mechanism (1).
More than 90% of the strains show this mechanism, though
the need for improved knowledge of its susceptibility pro-
file to common antimicrobial agents makes it necessary to
include the pathogen in surveillance studies.
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Our aim was to carry out a nationwide study in eight
centers distributed throughout the country to determine the
susceptibility of strains of all these microorganisms to nine
antimicrobial agents commonly used in the treatment of
community-acquired respiratory tract infections. We includ-
ed a macrolide (azithromycin), two penicillins (penicillin
and amoxicillin), the combination of amoxicillin and clavu-
lanic acid, and five cephalosporins (cefaclor, ceftibuten, ce-
fixime, cefuroxime and cefpodoxime).

MATERIALS AND METHODS
Collaborating centers

Eight Spanish centers were enrolled in the study on the
basis of geographical location, as follows: Ciudad Sanitaria
y Universitaria de Bellvitge from Barcelona (Dr. R. Mar-
tin), Hospital Clinico Universitario from Zaragoza (Dr. R.
Gomez-Lus), Hospital Virgen de las Nieves from Granada
(Dr. M. De la Rosa), Hospital Universitario “Virgen de la
Macarena” from Seville (Dr. E. Perea), Hospital Clinico
Universitario from Salamanca (Dr. J.A. Garcia-Rodriguez),
Hospital La Fe from Valencia (Dr. M. Gobernado), Hos-
pital Materno Infantil “Teresa Herrera” from A Coruiia (Dr.
A. Guerrero) and Hospital Clinico San Carlos from Madrid
(Dr. J. Prieto). The central laboratory was located (at the
Department of Microbiology, School of Medicine, Com-
plutense University in Madrid).

Bacterial isolates

From August 1998 to November 2000 each center was
to collect a total of 122 isolates of the following species in
the following estimated proportions: S. pneumoniae (30—
35%), H. influenzae (30-35%), S. pyogenes (20-25%) and
M. catarrhalis (10-15%). Depending on the microorgan-
isms, isolates were to be obtained from patients with com-
munity-acquired respiratory tract infections, such as pneu-
monia, acute bronchitis, acute otitis media, tonsillopharyn-
gitis or acute exacerbation of chronic bronchitis. Only sputum,
bronchoalveolar lavage, swab or blood culture samples were
allowed.

Storage and transport
to the central laboratory

After identification, using standard methods to each
center, isolates were frozen at —70 °C. Transport to the cen-
tral laboratory in Madrid was done in batches, using inoc-
ulated swabs maintained in Amies medium or inoculated
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agar plates with the appropriate medium for each microor-
ganism. Once in the central laboratory, isolates were grown
in medium and 10 samples of each were frozen at —70 °C
in skimmed milk until susceptibility determination.

Antimicrobial agents

The following drugs were used in all susceptibility de-
terminations: penicillin V (Sigma-Aldrich S.A., Madrid,
Spain), amoxicillin (Sigma-Aldrich S.A., Madrid, Spain),
amoxicillin-clavulanic acid (SmithKline Beecham S.A., Ma-
drid, Spain), cefaclor (Sigma-Aldrich S.A., Madrid, Spain),
cefixime (Merck Farma y Quimica S.A., Barcelona, Spain),
cefpodoxime-proxetil (Sankyo Pharma GmbH, Munich, Ger-
many), cefuroxime (Sigma-Aldrich S.A., Madrid, Spain),
ceftibuten (Schering-Plough, Madrid, Spain) and azithro-
mycin (Pfizer S.A., Madrid, Spain).

Antimicrobial susceptibility tests

MICs were determined using the broth microdilution
technique (10), with a final volume of 100 ul and an in-
oculum of approximately 105 CFU/ml. The medium used
was cation-adjusted Mueller-Hinton (Difco, Madrid, Spain)
supplemented with 2% v/v lysed horse blood (Biomerieux,
Madrid, Spain) for S. pneumoniae and S. pyogenes, Hae-
mophilus test medium for H. influenzae (10), and Mueller-
Hinton for M. catarrhalis. This process was performed in
triplicate.

After overnight incubation at 35 °C in room air for
20-24 hours, endpoints were read visually, determining the
MIC as the mode of the three results. Two strains were al-
so assayed for quality control: S. pneumoniae ATCC 49619
for S. pneumoniae; S. pyogenes ATCC 19615 for S. pyo-
genes; and H. influenzae ATCC 49247 for H. influenzae.
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Only MIC tests where control determinations were within
the performance range were accepted.

The antimicrobial concentrations assayed were chosen
taking into account the expected susceptibility to each mi-
croorganism. Breakpoint concentrations used to calculate
resistance rates were based on those published by the National
Committee for Clinical Laboratory Standards (10).

Statistical analysis of resistance rates (with S. pneumo-
niae and S. pyogenes) and betalactamase production (with
H. influenzae) in the two-year period of the study was per-
formed by the chi-square test, with Yates correction when
necessary (level of significance = 95%).

RESULTS

Number of isolates
and geographical distribution

A total of 977 isolates were collected in this study: 299
of S. pneumoniae (30.6%), 210 of S. pyogenes (21.49%),
361 of H. influenzae (36.95%) and 107 of M. catarrhalis
(10.95%). The percentages of each microorganism were
very similar to those expected. Table 1 shows the geo-
graphical distribution (number of isolates per center); the
largest numbers of isolates were collected from A Corufia
and Seville, and the lowest in Granada (107 strains); the
mean was approximately 122 strains per center. A total of
37.46% of the strains were isolated in 2000, 55.37% in
1999 and only 7.16% in 1998 or before.

Streptococcus pneumoniae

The susceptibilities of this microorganism to the an-
timicrobial agents tested are shown in Table 2; isolates
were divided according to their susceptibility to penicillin.
The overall susceptibility to penicillin was 112 strains sus-

Table 1. Distribution of the isolates in the different centers participating in the study.

Center S. pneumoniae S. pyogenes H. influenzae M. catarrhalis Total
A Coruiia 16 63 46 4 129
Barcelona 41 - 60 20 121
Granada 33 22 43 9 107
Madrid 40 15 32 32 119
Salamanca 53 12 58 2 125
Seville 36 45 47 - 128
Valencia 35 29 30 30 124
Zaragoza 45 24 45 10 124
Total 299 210 361 107 977
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Table 2. In vitro activities of antimicrobial agents against S. pneumoniae (MIC,;, range and % of resistant strains). Isolates have been distributed by penicillin susceptibility.
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All strains
(n =299)

Penicillin-intermediate Penicillin-resistant

Penicillin-susceptible

n =96 (32.11%)

n =91 (30.43%)

n =112 (37.46%)

Range Resist.

(mg/1)

Range Resist. MIC,,
(mg/)

(mg/)

MIC,,
(mg/l)

Resist.

Range

Range Resist. MIC,,
(mg/l) (mg/)

MIC,,

(mg/)

(%)

(%) (%)

(%)

(mg/)

Antimicrobial agent

32.11

0.007—>8

4
4
4

128

2—>8
0.5—>8

>8

0.125-1

1
1

0.007-0.06

0.06
0.25
0.25

Penicillin

35
68

4.

0.007—>8

13.54
11.46
98.96

8
8
>128

0.00
0.00
84.62

0.03-4
0.034
0.06—>128

0.00
0.

0.007-1

Amoxicillin

3.
69.90

0.007—>8

0.5—>8

00

0.007-1

Amoxicillin-clav. acid

0.06—>128
0.03—>8

2—>128
0.25—>8

64

33.04
NA*
0.00

0.

0.25-32

Cefaclor

NA*
32.44

34.11

>8 NA* >8
84.38

NA*
17.58
18.68

0.06—>8

8

0.03-4
0.015-1

Cefixime

0.015—>8

4
8
8

>8

0.06—>8
0.5—>8

8
8
>8
>8

0.03—>8

2
4

0.125
0.25

Cefpodoxime

0.007—>8

87.50
NA*

55.21

0.03-8

89

0.007-8

Cefuroxime

NA*

24 .41

0.06—>8
<0.015—>8

0.25—>8

NA*

15.38

0.06—>8
<0.015—>8

8
8

NA*

5.36

0.06—>8
<0.015—>8

Ceftibuten

<0.015—>8

0.25

Azithromycin
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*NA: no breakpoint criteria established by the National Committee for Clinical Laboratory Standards.

ceptible (37.46%), 91 intermediate (30.43%) and 96 resis-
tant (32.11%). By collection dates, in 1999 (n = 166) the
penicillin susceptibility was 39.16% susceptible, 24.70%
intermediate and 36.14% resistant. In 2000 (n = 110), these
rates were 34.55% susceptible, 33.64% intermediate and
31.82% resistant. In 1998 or before, no assessable rates
could be calculated owing to the low number of isolates in-
volved (n = 23). No statistically significant differences (p =
ns) were found between 1999 and 2000 susceptibility rates.

The MIC,, was in the interval of 4-8 mg/l for all
agents, with the exception of cefaclor (128 mg/l) and azi-
thromycin (>8 mg/l). Nevertheless, the percentages of re-
sistant strains for each agent according to their NCCLS
breakpoints (10) were highly variable: amoxicillin and amo-
xicillin-clavulanic acid showed the lowest values (4.35 and
3.68% of resistant strains), followed by azithromycin, cef-
podoxime and cefuroxime (from 24.41 to 34.11%), and fi-
nally cefaclor (69.90%). Both cefixime and ceftibuten lack
defined breakpoints.

In the penicillin-susceptible strains, only amoxicillin,
amoxicillin-clavulanic acid and cefpodoxime showed 0%
resistance, followed by cefuroxime (0.89%). Cefaclor how-
ever showed 33.04% resistance. In the penicillin-interme-
diate strains, only amoxicillin and amoxicillin-clavulanic
acid showed 0% resistance; azithromycin, cefpodoxime
and cefuroxime showed percentages from 15.38 to 18.68%,
while cefaclor reached 84.62%. Finally, in the penicillin-
resistant isolates, amoxicillin and amoxicillin-clavulanic
acid showed a resistance of 13.54 and 11.46%; the other
agents were less active, with percentages of 55.21% for
azithromycin, 84.38% for cefpodoxime, 87.50% for ce-
furoxime and 98.96% for cefaclor. Except for this last
agent, the MICs, were nevertheless approximately the same
(8 mg/l). Cefixime and ceftibuten were less active than cef-
podoxime and cefuroxime, but more active than cefaclor,
when taking into account their MIC,y,.

Streptococcus pyogenes

Isolates were collected as follows: 69 strains (32.86%)
in 2000, 116 (55.24%) in 1999, and 25 (11.90%) in 1998 or
before. Table 3 shows the results of MIC determinations for
this microorganism. The susceptibility to penicillin was
100%, with a MIC,, of 0.06 mg/l. This same MIC,, was
shown by amoxicillin and amoxicillin-clavulanic acid, while
cefpodoxime and cefuroxime were one dilution less active
(0.125 mg/1). Cefixime MIC,, was similar (0.25 mg/l), but
cefaclor and ceftibuten showed higher values (2 and 1 mg/l,
respectively).
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Table 3. In vitro activities of antimicrobial agents against S. pyogenes (MIC

and resistant strains).
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MIC,,, range and % of susceptible, intermediate

507 90’

Antimicrobial agent MIC,,, (mg/l) MIC,,, (mg/1) Range (mg/l) % Susc. % Inter. % Resist.
Penicillin 0.06 0.06 0.015-0.125 100 0 0
Amoxicillin 0.03 0.06 0.015-0.125 —* —* —*
Amoxicillin-clavulanic acid 0.03 0.06 0.015-0.125 —* —* —*
Cefaclor 0.5 2 0.06-2 —* —* —*
Cefixime 0.125 0.25 0.03-0.5 NA** NA** NA**
Cefpodoxime 0.06 0.125 0.015-0.25 —* —* —*
Cefuroxime 0.06 0.125 0.015-0.25 —* —* —*
Ceftibuten 0.5 1 0.064 —* —* —*
Azithromycin 0.125 2 0.015-4 80 8.57 11.43

*All the strains susceptible to penicillin can be susceptible to amoxicillin, amoxicillin-clavulanic acid, cefpodoxime, cefuroxime, ceftibuten

and cefaclor (ref. 14).

**NA: no breakpoint criteria established by the National Committee for Clinical Laboratory Standards.

Finally, azithromycin was the least active (MIC,, = 2
mg/l), with a rate of intermediate and high resistance of
8.57% and 11.43%, respectively. These rates were not sta-
tistically different between the years 1999 and 2000 (p =
ns; strains of 1998 or before were not included due to low
frequency). The rates were 81.03% and 78.26% of suscep-
tible strains (in 1999 and 2000, respectively), 6.03% and
8.70% of intermediate strains, and 12.93% and 13.04% of
resistant strains.

Haemophilus influenzae

The largest number of isolates collected corresponded
to this microorganism. In 2000, a total of 153 (42.38%)
strains were sent to the central laboratory; in 1999, 192 iso-
lates (53.19%) were collected, and in or before 1998 the
number was 13 (3.60%).

In the overall study, a total of 95 isolates were beta-
lactamase positive (26.32%). Comparing the rate of beta-
lactamase-positive strains in 2000 versus 1999, no statis-
tical differences were found, though the rates in 1999
were approximately 7% higher than in 2000 (30.21 versus
22.88%).

Regarding antimicrobial susceptibility (Table 4), the
rate of amoxicillin-resistant strains (27.70%, determined
with the ampicillin breakpoints) was approximately the
same as the betalactamase-positive rate (26.32%). However,
six isolates (1.66%) showed betalactamase-negative activi-
ty but were fully resistant to amoxicillin (11); another
1.10% of these isolates were intermediately resistant to
amoxicillin. All the strains were completely susceptible to
all of the antimicrobial agents tested except cefaclor, which
showed a low rate of resistant or intermediate strains (1.94%
and 3.32%, respectively).

Table 4. In vitro activities of antimicrobial agents against H. influenzae (MIC,,, MIC,,, range and % of susceptible, intermediate

and resistant strains).

Antimicrobial agent MIC,, (mg/1) MIC,, (mg/) Range (mg/l) % Susc. % Inter. % Resist.
Penicillin 2 >16 0.5—>16 NA* NA* NA*
Amoxicillin 0.5 >64 0.125—>64 69.817% 2.49%* 27.70%
Amoxicillin-clavulanic acid 0.5 1 0.064 100 - 0
Cefaclor 2 8 0.03-64 94.74 3.32 1.94
Cefixime 0.03 0.125 <0.015-0.5 100 - 0
Cefpodoxime 0.06 0.25 0.03-1 100 - 0
Cefuroxime 1 2 0.25-4 100 - 0
Ceftibuten 0.06 0.25 0.03-2 100 - 0
Azithromycin 0.125 0.25 0.03-1 100 - 0

*NA: no breakpoint criteria established by the National Committee for Clinical Laboratory Standards.

**Breakpoint for ampicillin.
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Table 5. In vitro activities of antimicrobial agents against

M. catarrhalis (MIC,,, MIC,, and range).

Antimicrobial MIC,, MIC,, Range
agent (mg/l) (mg/l) (mg/l)
Penicillin 8 >16 0.06—>16
Amoxicillin 4 8 0.03—>8
Amoxicillin-clav. acid 0.125 0.5 0.015+4
Cefaclor 1 4 0.125-8
Cefixime 0.25 0.5 0.06-1
Cefpodoxime 1 2 0.06-2
Cefuroxime 1 4 0.1254
Ceftibuten 2 4 0.125-8
Azithromycin 0.03 0.06 <0.03-0.125

Moraxella catarrhalis

A total of 107 isolates of this microorganism were col-
lected during the study period. In 2000, 34 strains (31.78%)
were isolated versus 67 (62.62%) in 2000 and 6 (5.6%) in
1998 or before.

The susceptibility results are shown in Table 5. The
most active agent was azithromycin, with a MIC, of 0.06
mg/1, followed by amoxicillin-clavulanic acid and cefixime
(0.5 mg/1). Cefpodoxime showed a MIC,, of 2 mg/l, lower
than cefuroxime (4 mg/l) and other oral cephalosporins (cef-
tibuten and cefaclor), and lower than the values for amoxi-
cillin and penicillin.

DISCUSSION

Resistance of common respiratory tract pathogens to
antimicrobial agents has emerged as one of the most im-
portant problems in the field of infectious diseases. Since
the first penicillin-resistant strains of S. pneumoniae were
isolated in the 1960s and 70s, the rate of decreased suscep-
tibility has increased worldwide, though geographical vari-
ations have been observed (1-3, 12, 13). In Spain, the rate
of penicillin resistance (intermediate and high) has in-
creased in the last two decades from approximately 6% (4)
to percentages around 60-65% (5). These same values are
observed in our study, as well as in another study per-
formed in the Madrid community in 1999 and 2000 (14),
although in this survey full resistance was higher (40.6%);
these figures show that only one-third of the isolates are
susceptible to penicillin. Amoxicillin (with or without clavu-
lanic acid) shows the lowest resistance rates in our study,
mainly due to the recent change in breakpoints by the NC-
CLS (10), which stipulate that values of =8 mg/l represent
resistance rather than =22 mg/l. Nevertheless, MICQO values
of these agents are equal to that of cefpodoxime (4 mg/l) and
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not very different from other cephalosporins such as cefurox-
ime or ceftibuten (8 mg/l). The most active cephalosporins
in terms of resistance rates are cefpodoxime and cefurox-
ime, with values around 32 and 43%, respectively. In this
way, we could grade the activity of oral betalactams in
terms of resistance rates, with agents such as amoxicillin
(with or without clavulanic acid) being more active than
penicillin; cefpodoxime and cefuroxime (and, to a lesser
extent, ceftibuten and cefixime) exhibiting rates equivalent
to penicillin; and cefaclor with high rates of resistance
(twice the penicillin values).

A different issue is the macrolide resistance shown by
S. pneumoniae. We obtained lower rates with azithromycin
(24.41%) than those reported in other studies (1, 5, 14),
where rates of 30-35% were observed with both erythro-
mycin and azithromycin in the last four years (1996-2000).
It is of interest to point out that in our study, as well as in
others (1, 5), macrolide resistance is clearly higher within
penicillin-resistant strains: only 5.36% of penicillin-sus-
ceptible strains were macrolide resistant, though this rate
was 55.21% in the penicillin-resistant isolates. This cross-
resistance has been studied and may have an epidemiolog-
ical justification, since the mechanisms of action of peni-
cillin and the macrolides are different (6, 15).

On the other hand, the rate of resistance of H. influen-
zae to penicillin or aminopenicillins (ampicillin) has also
increased during the last two decades (1). In several coun-
tries including Spain, the percentage of betalactamase-posi-
tive strains is over 30%, though these rates have not changed
significantly in the last few years (1, 3). We have found an
overall rate of about 26% of these strains, though it is of in-
terest to point out that in 2000 the rate decreased to 22.88%
from 30.21% in the previous year. In 1998-1999, Bandak
et al. (16) showed a 21.80% incidence of betalactamase-
positive isolates in Spain. In 1996-1997, other authors in
Spain reported rates of 25.7% to 31.7% (1, 17); these fig-
ures are not very different from those found in our study in
1999, and are similar to the 30% and 33.3% (Barcelona and
Madrid, respectively) reported in a surveillance study in
1992-1993 (18). These results seem to reflect a stagnation
in the ampicillin-resistance rate in Spain as well as in oth-
er geographical settings.

In terms of antimicrobial activity, cephalosporins are
not affected by betalactamases produced by H. influenzae
and show low MIC% values. Cefixime, cefpodoxime and cef-
tibuten showed the lowest values (0.125-0.25 mg/1), while
the amoxicillin-clavulanic acid and cefuroxime were less
active (1-2 mg/l). However, no resistant strains were ob-
served with any antimicrobial agent except penicillin, amo-
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xicillin and cefaclor, this drug showing only a small per-
centage (94.74% of susceptible strains). Azithromycin was
at least as active as cefixime, cefpodoxime or ceftibuten,
thus representing a possible alternative treatment in infec-
tions caused by this pathogen.

The betalactamase-negative and ampicillin-resistant
strains require close observation to avoid a new emergence
of resistance. The rate of this type of resistance, probably
produced by altered PBPs (11, 18), seems to be low in
Spain and in other countries (8). In our study the percent-
age could be only 1.66% (further identification is required,
since ampicillin was not tested). This figure is very close to
the 1.8% found in 1996 in Barcelona (1), and lower than
the presumable 4.6% found in another multicenter study in
1996-1997 (17). All of our isolates maintained good sus-
ceptibility to cephalosporins (except cefaclor) and azi-
thromycin.

With S. pyogenes, all the betalactam agents showed
good activity, and no resistant strains were found to any of
them. In terms of MIC values, penicillin and amoxicillin
(with or without clavulanic acid) showed the lowest rates.
Within the cephalosporins, cefpodoxime and cefuroxime
were more active than the rest (cefixime, cefaclor or cefti-
buten). This same situation is also observed in recent stud-
ies with this pathogen (8), where MIC,,, values were only
significantly higher for cefaclor (<1 mg/l versus 2 mg/l in
our study). Macrolides, however, showed a 20% resistance
(intermediate and high resistance with azithromycin). Here
our percentages of susceptible strains are higher than in
other studies reporting rates of 72.9 to 76.5% (7, 8), though
the former was versus erythromycin (which is a little less
active than azithromycin).

Finally, M. catarrhalis in our study showed a suscepti-
bility pattern very similar to that obtained in other studies
(1, 16). Since the only currently known resistance mecha-
nism shown by this pathogen is the production of betalac-
tamase (almost 100% of isolates in Spain), the most active
agents were azithromycin and amoxicillin-clavulanic acid.
However, cefixime (and to a lesser extent cefpodoxime) re-
tained acceptable activity against this microorganism, with
MIC,,, <2 mg/l.

In conclusion, the issues regarding respiratory patho-
gens and resistance to antimicrobial agents should be sub-
jected to continuous surveillance. Concerning S. pneumo-
niae resistance to penicillin, the reports from 1996 to 2000
may reflect a stabilization of the rates of non-susceptible
strains in Spain at around 30-40%, with obvious geogra-
phical variations. There also appears to be a stabilization in
the rate of betalactamase-positive H. influenzae strains at
about 20-30%, though betalactamase-negative and ampi-
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cillin-resistant rates should be carefully detected and mon-
itored to identify any rapid increase. This same procedure
may be necessary in the case of S. pyogenes and macrolide
resistance, since the rates of non-susceptibility of this patho-
gen to agents like azithromycin could increase if parame-
ters such as consumption continue to rise (8).
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