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To address the public health problem of antibiotic resistance, the European Union (EU) founded the
European Antimicrobial Resistance Surveillance System. A network of 40 hospitals that serve approximately
30% of the Spanish population (about 12 million) participated. Each laboratory reported data on antimicrobial
susceptibility testing using standard laboratory procedures that were evaluated by an external quality control
program. The antibiotic consumption data were obtained from the National Health System. We compared the
antibiotic susceptibility of Spanish isolates of invasive Streptococcus pneumoniae (2001 to 2003) with antibiotic
consumption. Invasive S. pneumoniae was isolated from 1,968 patients, 20% of whom were children at or below
the age of 14 years. Of non-penicillin-susceptible strains (35.6%; 95% confidence interval, 34 to 37.2), 26.4%
were considered intermediate and 9.2% were considered resistant. Between 2001 and 2003, penicillin resistance
decreased from 39.5 to 33% overall and from 60.4 to 41.2% in children at or below the age of 14 years (P =
0.002). Resistance to erythromycin was at 26.6%, and coresistance with penicillin was at 19.1%. Of total
isolates, the ciprofloxacin MIC was >2 pg/ml for 2.1%, with numbers increasing from 0.4% (2001) to 3.9%
(2003). Total antibiotic use decreased from 21.66 to 19.71 defined daily doses/1,000 inhabitants/day between
1998 and 2002. While consumption of broad-spectrum penicillins, cephalosporins, and erythromycin declined,
use of amoxicillin-clavulanate and quinolones increased by 17.5 and 27%, respectively. The frequency of
antibiotic resistance in invasive S. pneumoniae in Spain was among the highest in the EU. However, a
significant decrease in penicillin resistance was observed in children. This decrease coincided with the
introduction of a heptavalent conjugate pneumoccocal vaccine (June 2001) and with a global reduction in

antibiotic consumption levels.

Antimicrobial resistance in pathogenic bacteria is a public
health problem that has become increasingly acute in recent
years, and Spain is one of the most affected European coun-
tries (1, 19, 22). An international approach to the management
of antimicrobial resistance is essential for its control (34). Con-
sequently, the World Health Organization (WHO), the Euro-
pean Commission (EC), and the Centers for Disease Control
and Prevention (CDC) have recognized the importance of
studying the determinants of resistance as well as the need for
control strategies (23, 29, 34).

In Europe, antimicrobial resistance of invasive pathogens
has been monitored by the European Antimicrobial Resistance
Surveillance System (EARSS). Its U.S. counterpart, the Inter-
national Network for the Study and Prevention of Emerging
Antimicrobial Resistance (INSPEAR), was launched by the
CDC with a similar goal (23). Funded by the EC, EARSS is an
international network of national surveillance systems that at-
tempts to collect reliable and comparable data. The purpose of
EARSS is to document variations in antimicrobial resistance
over time and space so as to provide the basis for and assess the

* Corresponding author. Mailing address: Centro Nacional de Mi-
crobiologia, Instituto de Salud Carlos III, Carretera Pozuelo a Maja-
dahonda, 28220, Majadahonda, Madrid, Spain. Phone: 34 91 822 3650.
Fax: 34 91 509 7966. E-mail: jcampos@isciii.es.

+ Spanish members of EARSS are listed in Acknowledgments.

5571

effectiveness of prevention programs and policy decisions.
More than 20 countries and 600 European laboratories pro-
vide antibiotic susceptibility data to national databases and to
a central database.

Streptococcus pneumoniae is the most frequent cause of bac-
terial respiratory tract infections, including otitis, sinusitis,
pneumonia, and infectious exacerbation of chronic bronchitis,
as well as potentially life-threatening systemic infections such
as meningitis and bacteremia. Until recently, penicillin was the
treatment of choice for S. pneumoniae infections. However,
pneumococci possessing structural changes in the penicillin
binding proteins have been discovered in most countries in
which studies have been performed. This change results in
reduced susceptibility to penicillin as well as to other B-lactam
antibiotics (1, 27, 31). The penicillin MICs for many of these
strains are 0.1 to 1.0 pg/ml, allowing extrameningeal infections
to be treated with high doses of this antibiotic (21). However,
the existence of strains for which the MIC is =2 pg/ml and the
frequent cross-resistance with other antibiotics create a serious
therapeutic problem (1, 20, 31).

The rates of antimicrobial resistance and antimicrobial con-
sumption in Spain are among the highest (1, 4, 19). The goal of
this study was to describe and analyze antibiotic resistance
trends in invasive isolates of S. pneumoniae collected by Span-
ish hospitals participating in the EARSS network between
2001 and 2003. Since we found that penicillin resistance was
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decreasing, we also sought to determine whether general an-
tibiotic consumption was also decreasing.

MATERIALS AND METHODS

Participating hospitals. To fulfill the goal of obtaining representative data,
participating hospitals were chosen to meet the following criteria: (i) total cov-
erage of at least 20% of the Spanish population, (ii) representation of different
areas of the country, and (iii) inclusion of different kinds of hospitals (size and
category). Each participating hospital was coded in order to preserve its ano-
nymity.

Isolates studied. We included all clinical isolates of S. pneumoniae obtained
from blood and cerebrospinal fluid (CSF) in Spanish laboratories participating in
EARSS between 2001 and 2003. For this study, invasive infection is considered
to be infection with an S. pneumoniae strain isolated from blood or CSF. Only the
first invasive isolate per patient was reported.

Data collection. A questionnaire concerning hospital characteristics (coverage,
hospital type, number of beds, number of patients admitted per year, hospital
departments), methods of antimicrobial susceptibility study, and interpretation
criteria was submitted to each participating center. One isolate record was
completed for each patient. This form included the patient’s personal data (code,
age, sex), hospital and departmental data, and antibiotic susceptibility data.

Participating hospitals sent prospective standardized results to the Centro
Nacional de Microbiologia of the Instituto de Salud Carlos III (Ministry of
Health), where results were analyzed and validated by using the laboratory-based
WHONET 5 program (WHO Collaborating Centre for the Surveillance of An-
tibiotic Resistance). All records were carefully analyzed by a medical microbi-
ologist. Duplicate isolates from a single patient were identified and deleted.
Discrepancies and atypical results were resolved by telephone, and the corre-
sponding database records were updated if necessary. An annual report of all the
data stored in the central database was sent to each participating laboratory in
order to avoid possible disagreements.

Susceptibility studies. The protocol for S. pneumoniae susceptibility testing
included study of susceptibility to penicillin by means of the oxacillin disk and/or
the MIC of penicillin G (recommended in cases where resistance is found by the
oxacillin disk test), to third-generation cephalosporins, to erythromycin, and to
ciprofloxacin as a marker of fluoroquinolone susceptibility. Moreover, data on
antimicrobial susceptibility to other antibiotics were also considered when a
participating laboratory routinely tested them. For this reason, the number of
strains studied for each antibiotic and method was not always the same as the
total number of strains.

Antimicrobial susceptibility was tested by using the disk-plate diffusion method
combined with the use of E-test strips (AB-Biodisk, Solna, Sweden) in 25 of the
40 participating laboratories. The remaining 15 laboratories used different com-
mercial microdilution systems: 7 used Wider (Fco. Soria Melguizo, Madrid,
Spain), 4 used MicroScan (Dade-Behring, Deerfield, Ill.), 3 used Sensititre (Ra-
diometer/Copenhagen Company, Copenhagen, Denmark) and 1 used Vitek (bio
Mérieux, Marcy I’Etoile, France).

Most laboratories (39 of 40) applied the norms and criteria of the NCCLS for
interpretation of antibiotic susceptibility. One laboratory used the Neosensitab
commercial system (Rosco, Taastrup, Sweden; available at http://www.rosco.dk)
for the disk diffusion method and NCCLS criteria for the E-test method. No
significant differences in susceptibility results were found between the laboratory
using Neosensitab system criteria and the laboratories using NCCLS criteria. The
quality control results of this laboratory also agreed with those obtained by
reference laboratories (see below).

For cefotaxime, the NCCLS breakpoints for meningitis (<0.5 to =2 pg/ml)
were considered in all isolates. Because clinical infection data generated by blood
isolates were not always available, some of the blood isolates were probably
implicated in meningitis cases. In addition, cefotaxime susceptibility in strains
from blood was also calculated with the new NCCLS cefotaxime breakpoints (<1
to =4 pg/ml) (18).

Quality control. To assess the comparability of susceptibility test results, a
quality assurance exercise was performed annually for the 40 Spanish laborato-
ries participating in EARSS. The United Kingdom National External Quality
Assessment Scheme (NEQAS) designed this quality control system. Altogether,
testing included 24 highly characterized control invasive strains, including 6 S.
pneumoniae strains with different resistance phenotypes. It was recommended
that laboratories include these external quality control strains in the regular
internal quality control procedures performed by each laboratory. Data on sus-
ceptibility to penicillin G, cefotaxime, ciprofloxacin, and erythromycin were re-
quired. In addition, each laboratory completed a questionnaire concerning the
methods used for determining susceptibility and applying interpretation criteria.

J. CLIN. MICROBIOL.

Antibiotic consumption. Due to the high rates of antibiotic resistance in S.
pneumoniae in Spain (1, 20, 22), we studied the evolution of antibiotic consump-
tion in the community between 1998 and 2002. The Spanish Ministry of Health
and Consumer Affairs maintains a drug database with all retail pharmacy sales of
medicines acquired with National Health System prescriptions, covering nearly
100% of the Spanish population (15, 24). This database was used to gather
information on sales during the period studied. The information was tabulated,
and the number of units sold was converted into defined daily doses (DDD) of
active drug ingredients by use of the WHO methodology (33). The number of
DDD per 1,000 inhabitants per day for each of the active drug ingredients was
then calculated; however, these data were not available in correlation to patient
age.

Statistical analyses. Differences in the prevalence of antibiotic resistance
between different groups were assessed by the Fisher exact test. Association was
determined by calculation of odds ratios (OR) with 95% confidence intervals
(95% CI). The null hypothesis was rejected for P values of <0.05. Statistical
analyses were performed by using EPI-Info (version 6.04).

RESULTS

Characteristics of participating laboratories. Between 2001
and 2003, 40 laboratories reported data on invasive S. pneu-
moniae isolates. The estimated average coverage of the Span-
ish population was 30%, corresponding to approximately
12,000,000 persons. The annual median numbers of hospital
beds and patients admitted were about 17,800 and 730,000,
respectively. Four hospitals (10%) had more than 1,000 beds,
12 (30%) had 500 to 1,000, 17 (42.5%) had 250 to 500, and 7
(17.5%) had fewer than 250.

Quality control results. Among participating laboratories,
the overall concordance of antimicrobial susceptibility for the
six S. pneumoniae control isolates tested in the three years was
94 to 97% for penicillin, 97 to 100% for erythromycin, and 82
to 100% for cefotaxime. Several Spanish laboratories did not
report the categorization of ciprofloxacin susceptibility due to
the lack of breakpoints in the majority of microbiology societ-
ies. However the MICs reported by more than 90% of Spanish
hospitals were within the range of the reference MIC = 1
dilution.

In the very few cases of disagreement between the expected
quality control results and the performance of individual lab-
oratories, each individual case was analyzed and discussed with
the participants. Measures to improve the laboratory proce-
dures were proposed when necessary, including dispatch of the
isolates to the Spanish S. pneumoniae reference laboratory.

Patient data and incidence of invasive infections. Over the
study period, the 40 participating hospitals reported data for
1,968 invasive isolates of S. pneumoniae, corresponding to the
same number of patients: 656 in 2001, 657 in 2002, and 655 in
2003. Of total isolates, 1,247 (63.4%) were isolated from males
and 721 (36.6%) were isolated from females. There were 1,847
strains (93.9%) isolated from blood and 121 (6.1%) isolated
from CSF. Of the total number of isolates, 404 (20%) were
from children at or below the age of 14 years, and 356 (17.4%)
were from children at or below the age of 4 years. The numbers
of invasive cases in children were 139 (2001), 128 (2002), and
137 (2003). The incidence of invasive S. pneumoniae infections
in the general population was estimated to be 5.8 cases/100,000
patients. Strains were isolated more frequently in the winter
months (718 strains [36.5%]) than in the summer months (203
strains [10.3%]; P < 0.01). The number of invasive infections
by month is shown in Fig. 1. A trend toward less penicillin
susceptibility and lower case numbers during the summer
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FIG. 1. Number of invasive infections by S. pneumoniae and prevalence of decreased susceptibility to penicillin by month according to data from

EARSS-Spain, 2001 to 2003.

months was noted, in contrast with less penicillin resistance
and higher case numbers during the winter months (Fig. 1).
Antimicrobial susceptibility. A total of 679 of the 1,968
strains reported (34.5%; 95% CI, 32.9 to 35.5%) had decreased
penicillin susceptibility. Quantitative results (MICs) were re-
ported in 1,869 cases (95%), while penicillin susceptibility was
derived from the 1-pg oxacillin disk in 99 cases (Table 1). Of
the 1,869 isolates for which quantitative information was avail-
able, 665 (35.6%; 95% CI, 34 to 37.2%) were not susceptible to
penicillin: 9.2% were resistant (MIC, >1 pg/ml) and 26.4%
were intermediate (Table 1). As a function of the method used,
decreased susceptibility to penicillin was found to be 36.6% by
microdilution methods and 34.2% by the E-test (P = 0.17).
Compared to other European countries participating in the
EARSS network that provided susceptibility results for at least
400 invasive isolates during the study period, the rate of decreased
susceptibility to penicillin in Spain was among the highest;
corresponding rates were 21.7% for Portugal, 12.8% for Bel-
gium, 11.9% for Ireland, 11.2% for Italy, 2.2% for Germany,
and 1.1% for The Netherlands (http://www.earss.rivm.nl).

TABLE 1. Antimicrobial susceptibilities of invasive S. pneumoniae
isolates (EARSS-Spain, 2001 to 2003)

Of the 1,869 pneumococcal isolates for which cefotaxime
susceptibility data were reported, 9.7% showed reduced sus-
ceptibility; the majority of these (8.2%) were intermediate
(MIC = 1) (Table 1). The prevalence of blood isolates for
which cefotaxime MICs were =2 pg/ml was 1.4%. The activity
loss of cefotaxime was parallel to that noted for penicillin.
None of the 1,204 penicillin-susceptible isolates had reduced
susceptibility to cefotaxime, while 181 out of 665 (27.2%) iso-
lates not susceptible to penicillin also had reduced cefotaxime
susceptibility (P < 0.001) (Table 2). All the cefotaxime-resis-
tant isolates, 1.5% of the total, were also resistant to penicillin.

Erythromycin resistance was also more common among
non-penicillin-susceptible isolates (55.6%) than among peni-
cillin-susceptible isolates (12.4%) (P < 0.001) (Table 2). The
rate of erythromycin and penicillin coresistance was 19.1%.
Frequencies of erythromycin and clindamycin resistance were
27.4 and 19.4%, respectively, in the 1,294 isolates for which
both antibiotics were studied; 19.4% of these isolates were
resistant to both erythromycin and clindamycin, while 8% were
resistant to erythromycin alone. No annual differences in the

TABLE 2. Susceptibility to erythromycin and cefotaxime according
to penicillin susceptibility

No. (%) of strains

% of isolates®

Antibiotic Group and antibiotic

Total Susceptible Intermediate Resistant S I R
Penicillin 1,869 1,204 (64.4) 493 (26.4) 172 (9.2) Penicillin G susceptible
Cefotaxime* 1,869 1,688 (90.3) 153 (8.2) 28 (1.5) Cefotaxime® 100 0 0
Oxacillin 99 85 (85.9) 14 (14.1) Erythromycin 87.1 0.5 12.4
Erythromycin 1,873  1,355(72.3) 20 (1.1) 498 (26.6) Penicillin G intermediate
Clindamycin 1,294 1,026 (79.3) 17 (1.3) 251 (19.4) Cefotaxime” 87 12.7 0.3
Tetracycline 1,096 852 (77.8) 20 (1.8) 224 (20.4) Erythromycin 39.9 1.5 58.6
Rifampin 960 949 (98.9) 4(0.4) 7(0.7) Penicillin G resistant
Ciprofloxacin® 792 775 (97.9) 17 (2.1) Cefotaxime” 25.8 60.2 14.8
Levofloxacin 488 485 (99.4) 1(0.2) 2(0.4) Erythromycin 48.9 2.1 49

¢ Breakpoints used, =0.5 to =2 pg/ml.
b Breakpoint used, >2 pg/ml.

“ S, susceptible; I, intermediate; R, resistant.
b Breakpoints used; <0.5 to =2 pg/ml.
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FIG. 2. Antimicrobial resistance of invasive S. pneumoniae isolates
in relation to patient age (EARSS-Spain, 2001 to 2003).

erythromycin-clindamycin susceptibility patterns were de-
tected.

Resistance to penicillin, erythromycin, cefotaxime, and clin-
damycin was higher in females than in males, although the
difference was not statistically significant. However, combined
trend analysis of these four antibiotics showed that antimicro-
bial resistance was significantly more prevalent in females than
in males (P < 0.01; OR, 1.17; 95% CI, 1.06 to 1.29).

For children =4 years old, 52.3% of isolates were interme-
diate or resistant to penicillin, while 31.8% of isolates from
patients =5 years old were intermediate or resistant (P <
0.001; OR, 2.35; 95% CI, 1.85 to 3). The corresponding per-
centages for cefotaxime were 14.1 versus 8.6% (P < 0.001; OR,
1.75; 95% CI, 1.19 to 2.57), and those for erythromycin were
40.1 versus 24.4% (P < 0.001; OR, 1.75; 95% CI, 1.19 to 2.57)
(Fig. 2).

The ciprofloxacin MIC was reported for 792 strains, and the
MICs at which 50 and 90% of isolates were inhibited were 1
and 2 pg/ml, respectively. We also found 17 (2.1%) strains for
which the MIC was >2 pg/ml. There were no significant dif-
ferences in penicillin or erythromycin resistance between cip-
rofloxacin-resistant and ciprofloxacin-susceptible strains. Levo-
floxacin susceptibility was tested for 488 isolates, 3 of which
(0.6%) were not susceptible. Decreased susceptibilities to tet-
racycline and rifampin were found for 244 of 1,096 (22.2%)
and 11 of 960 (1.1%) isolates, respectively. Resistance to tet-
racycline was more prevalent among non-penicillin-susceptible
isolates (39.2%) than among penicillin-susceptible isolates
(9.5%) (P < 0.001). No vancomycin-resistant strains were
found.

Antimicrobial resistance trends. Changes in antimicrobial
resistance over time are detailed in Fig. 3. Overall rates of
reduced penicillin susceptibility (intermediate plus resistant
isolates) decreased from 39.5% in 2001 to 33% in 2003 (P =
0.05; OR, 1.26; 95% CI, 1 to 1.59). This change was principally
due to changes in isolates from children =14 years old. In this
age group, the frequency of reduced penicillin susceptibility
fell from 60.4% in 2001 to 41.2% in 2003 (P = 0.002; OR, 2.16;
95% CI, 1.29 to 3.63) (Fig. 4). The decrease in the frequency
of reduced penicillin susceptibility among adults (>14 years
old) was not statistically significant (P = 0.36) (Fig. 4). Rates of
erythromycin resistance and reduced susceptibility to cefo-
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FIG. 3. Annual evolution of antimicrobial resistance in invasive S.
pneumoniae strains isolated by Spanish laboratories participating in
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taxime showed slight decreases, from 28.7% in 2001 to 25.7%
in 2003 (P = 0.22) and from 10.7% in 2001 to 8.4% in 2003 (P
= 0.19), respectively (Fig. 3). The frequency of coresistance to
penicillin and erythromycin was 23.4% in 2001 compared to
18.1% in 2003 (P = 0.02; OR, 1.38; 95% CI, 1.04 to 1.82) (Fig.
3). In children =14 years old, the frequency of coresistance
decreased 11.1%, from 29.1% in 2001 to 18% in 2003 (P =
0.03; OR, 1.87; 95% CI, 1 to 3.51). The rate of resistance to
ciprofloxacin (MIC, >2 wg/ml) increased from 0.4% in 2001 to
3.9% in 2003 (Fig. 5).

Antibiotic consumption. Antibiotic consumption in Spain
from 1998 to 2002 is detailed in Table 3. Overall antibiotic use
decreased from 21.66 DDD/1,000 inhabitants/day in 1998 to
19.71 DDD/1,000 inhabitants/day in 2002 (9% decrease; P <
0.001). Specifically, there were decreases in the consumption of
broad-spectrum penicillins (from 6.02 to 4.58 DDD/1,000 in-
habitants/day), cephalosporins (from 2.65 to 2.12 DDD/1,000
inhabitants/day), and macrolides (from 3.38 to 3.09 DDD/
1,000 inhabitants/day) (P < 0.001). The use of amoxicillin-
clavulanate and quinolones increased 17.5 and 27%, respec-
tively (P < 0.001). Consumption of levofloxacin and moxifloxa-
cin started in Spain in 1998 and 2000, respectively, and
increased constantly to 0.34 DDD/1,000 inhabitants/day in
2002 for each. In the case of macrolide antibiotics, erythromy-
cin consumption underwent a decrease from 0.45 to 0.20
DDD/1,000 inhabitants/day (P < 0.001), while clarithromycin
and azithromycin consumption increased from 1998 to 2002 (P
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FIG. 4. Annual evolution of non-penicillin-susceptible invasive S.
pneumoniae in relation to patient age.
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< 0.001) (Table 3). Figure 5 shows the annual evolution of
levofloxacin and moxifloxacin consumption in relation to the
percentage of S. pneumoniae isolates for which the MIC was
>2 pg/ml.

DISCUSSION

The increasing prevalence of antibiotic resistance is a serious
public health concern. Epidemiological surveillance of antibi-
otic resistance is indispensable for empirical treatment of in-
fections, implementation of resistance control measures, and
prevention of antibiotic-resistant microorganisms (12). The
EARSS network, which includes more than 600 laboratories, is
an epidemiological surveillance system based on susceptibility
data provided by each microbiology laboratory according to
standard methods based mainly on the NCCLS rules. EARSS
methodology has been evaluated previously, and EARSS is
considered the official European network of national surveil-
lance systems. It aims to collect comparable and reliable anti-
microbial resistance data. This European network has some
important characteristics as an antibiotic resistance surveil-
lance system (5), including the aggregation of data for individ-
ual countries and for the whole of Europe, rapid analysis and
diffusion of data, early detection systems for antimicrobial re-

TABLE 3. Community antimicrobial consumption in Spain,
1998 to 2002

Consumption (DDD/1,000 inhabitants/day)

Antibiotics

1998 1999 2000 2001 2002
Global 21.66  21.25 2038 19.85 19.71
Broad-spectrum 6.02 5.64 5.29 4.78 4.58

penicillins
Amoxicillin-clavulanate 4.67 4.95 4.71 4.75 5.49
Cephalosporins 2.65 2.59 2.39 2.15 2.12
Macrolides 3.38 3.30 3.17 3.04 3.09
Erythromycin 0.45 0.36 0.30 0.24 0.20
Clarithromycin 1.39 1.39 1.46 1.55 1.54
Azithromycin 0.64 0.81 0.85 0.87 0.92
Quinolones 1.96 2.14 2.20 2.36 2.49
Levofloxacin 0.01 0.14 0.20 0.29 0.34
Moxifloxacin 0.16 0.24 0.34

sistance in pathogens of great clinical and public health rele-
vance, and basic support for public health decision making.

The primary laboratory receives the clinical specimens and
performs routine antimicrobial susceptibility testing for clinical
treatment. The resulting information has the disadvantages of
possible variability of the antimicrobial agents assayed, the
study methods performed, and the interpretative criteria em-
ployed, although in our experience, the vast majority of labo-
ratories used NCCLS-recommended methodologies. EARSS
researchers have performed validation of antimicrobial suscep-
tibility results from 22 European countries, including Spain (3).
Cross-validation of routine data gathering and centralized sur-
veys has been performed (17). For example, for invasive Esch-
erichia coli, the same trends in resistance to ampicillin, cipro-
floxacin, gentamicin, and trimethoprim were found in routine
sample results and in a centrally tested sample (17).

The prevalence of non-penicillin-susceptible invasive iso-
lates of S. pneumoniae found in this study (34.5%) is similar to
that reported from other studies in Spain (1, 22). However, this
result is lower than the global prevalence if all types of clinical
isolates, especially those of respiratory origin, are accounted
for (1, 20, 22). In a national multicenter study performed in
Spain between 1998 and 1999, 34.1% of 314 isolates from
blood had reduced susceptibility to penicillin, in contrast with
53.2% of 1,169 isolates from respiratory samples (22). High
rates of resistance have also been reported for Asian countries
(13, 26, 27). In Taiwan, the prevalences of non-penicillin-sus-
ceptible invasive isolates from children =18 years old and from
adults reached 76 and 45%, respectively (26). In the United
States, the prevalence of decreased susceptibility of S. pneu-
moniae to penicillin was 38% among 10,103 respiratory tract
isolates sampled between 2000 and 2001 (8), and 32% of 1,345
blood isolates isolated in 2002 had decreased penicillin suscep-
tibility (14). Notably, variation in regional antimicrobial peni-
cillin resistance has also been described (30).

In this study a constant and significant decrease in the prev-
alence of penicillin-resistant pneumococcal strains occurred
between 2001 and 2003 (Fig. 3). Previously, two other Spanish
studies (9, 10) described a similar reduction among isolates
from all types of clinical sources and reported a high initial
prevalence of penicillin resistance, >52% in both cases. This
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trend was observed before the introduction of the heptavalent
pneumococcal conjugate vaccine in Spain (June 2001).

The serotypes included in the heptavalent pneumococcal
conjugate vaccine (serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F)
covered 60% of the 11,165 Spanish pneumococci isolated from
all sources between January 1997 and June 2001 and 75.6% of
the strains from children (9). In addition, penicillin resistance
has been associated mainly with certain serotypes, principally
serotypes 6, 9, 14, 19, and 23 (9), all of which are included in
the vaccine. It is believed that about 40% of Spanish children
=2 years old have been vaccinated privately, since the vaccine
is not yet included in the official vaccination calendar. In the
present study the reduction in penicillin resistance was partic-
ularly significant among children (Fig. 4), suggesting that vac-
cination may play a key role in preventing antimicrobial resis-
tance in S. pneumoniae (32), as has been the case for
Haemophilus influenzae type b (28).

We also found a reduction in antibiotic consumption in
recent years, except for amoxicillin-clavulanic acid, the new
fluoroquinolones (levofloxacin and moxifloxacin), and the new
macrolides (clarithromycin and azithromycin). Although mul-
tiple factors influence the emergence and spread of antimicro-
bial resistance, antimicrobial consumption is one of the most
important. It has been demonstrated that B-lactam antibiotic
consumption levels correlate strongly with rates of pneumo-
coccal penicillin resistance in various European countries as
measured by EARSS data (2). It is likely that the reduction in
levels of reduced penicillin susceptibility, which was reported
for Spanish pneumococcal isolates before the conjugate vac-
cine was available, could be associated with variations in anti-
biotic consumption.

In this study, about 70% of erythromycin-resistant strains
were also resistant to clindamycin. This probably implies a
ribosomal methylation mechanism of resistance mediated by
erm genes, the mechanism reported most frequently for Euro-
pean S. pneumoniae isolates (1, 25). The remaining strains
showed a pattern of resistance (M phenotype) compatible with
the presence of an active expulsion pump encoded by the mef
genes. This mechanism predominates in the United States and
generates resistance to macrolides of 14 and 15 atoms (7) but
not to lincosamides and macrolides of 16 atoms. The same
resistance phenotype could also be generated by the action of
an inducible ribosomal methylation mechanism (1, 25). In the
present study, no relevant changes in the prevalences of pro-
files of resistance to macrolides were noted.

Ciprofloxacin susceptibility is a good marker of susceptibility
to other fluoroquinolones, such as levofloxacin and moxifloxacin,
which currently represent good therapeutic alternatives for S.
pneumoniae. In fact, the combined consumption of levofloxacin
and moxifloxacin increased in Spain from 0.14 DDD/1,000 inhab-
itants/day in 1999 to 0.67 DDD/1,000 inhabitants/day in 2002.
Despite this, fluoroquinolone-resistant pneumococci were rare in
this study, and ciprofloxacin demonstrated good in vitro activity
against the majority of pneumococci tested, in agreement with the
results of previous studies (1, 7). The percentage of strains for
which the ciprofloxacin MIC was >2 pg/ml (2.1%) agrees with
the results of other recent studies, in which a reduction in sus-
ceptibility to fluoroquinolones was noted for approximately 2% of
strains (6, 16). This is less than the 5.3 and 7.0% of strains isolated
from respiratory tract infections reported in two recent Spanish
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studies (11, 22). However, an important increase in the preva-
lence of ciprofloxacin resistance has been observed in our study.
Some authors have found a statistically significant association
between a reduction in penicillin susceptibility and a reduction in
ciprofloxacin susceptibility (MIC, >2 ug/ml) (6, 16, 22) or be-
tween a reduction in ciprofloxacin susceptibility and resistance to
macrolides (11, 22). Neither of these associations was noted in
our study.

In summary, although penicillin resistance levels among in-
vasive Spanish S. pneumoniae strains were among the highest
in Europe, they have declined significantly in recent years,
especially in children. This trend occurred in the contexts of
increased heptavalent pneumococcal conjugate vaccination of
children and reduced global antibiotic use in the community.
Although quinolone resistance remained low, a rapid increase
was noted. Therefore, properly designed and conducted sur-
veillance systems will continue to be essential for detecting
changes in antimicrobial resistance.
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