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This national surveillance study presents the in vitro activities of the main antimicrobial agents against
1,331 S. pneumoniae isolates as tested by an agar dilution method according to the guidelines of the Clinical
and Laboratory Standards Institute (formerly NCCLS). The strains were isolated in several regions of
Portugal from cases of invasive disease over an 11-year period (1994 to 2004). This study shows that the
percentage of penicillin-nonsusceptible strains increased from 12% in 1994 to 28.5% in 2000. Then the rate
declined to 17.7% in 2003 but increased again to 23.2% in 2004. Nevertheless, the rate of highly resistant
isolates declined consistently, to 0.9% in 2001 to 2004. Ceftriaxone- and cefotaxime-nonsusceptible isolates
became less frequent, from 4% and 8%, respectively, in 1994 to <1% in 2004. The macrolide-lincosamide-
streptogramin B phenotype was the predominant macrolide phenotype found. The increase in the percentage
of isolates that were only nonsusceptible to erythromycin (3.7% in 1994 to 1998 to 9.1% in 2002 to 2004) was
similar to that for isolates with coresistance to penicillin and erythromycin (3.3% in 1994 to 1998 to 9.1% in
2002 to 2004). The nonsusceptibility to ciprofloxacin increased during recent years, from 0.5% in 2002 to 3.5%
in 2004. Multidrug resistance also increased in recent years: from 7.9% in 2002 to 15.6% in 2004. The increasing
use of macrolides could be causing the increase in penicillin and multidrug resistance, due to the coresistance
to macrolides. The use of penicillin to treat empirical invasive pneumococci infections may need to be
reconsidered.

Streptococcus pneumoniae is an important pathogen respon-
sible for serious invasive diseases, including meningitis and
septicemia. The spread of multidrug-resistant (MDR) pneu-
mococci has become a worldwide problem, making treatment
more difficult (18). Indeed, in addition to resistance to peni-
cillin, resistance to other antibiotics, including erythromycin,
tetracycline, and chloramphenicol, has emerged and is spread-
ing (10).

Since 1989, the National Institute of Health Dr. Ricardo
Jorge reference laboratory has been continually monitoring
the in vitro activity of antimicrobial agents against S. pneu-
moniae collected from invasive sources. This program for mon-
itoring susceptibility to antibiotics in Portugal (ARSIP) provides a
unique collection of Portuguese pneumococcal isolates. This na-
tional surveillance study reported that 4.6% of isolates were pen-
icillin nonsusceptible in 1989, and this value remained generally
stable until 1991 (6.4%) (32). Fully penicillin-resistant isolates
(MIC of 2 �g/ml) were reported for the first time in 1992 (0.8%)
and made up 5.5% of isolates in the following year (32).

Here, we describe the surveillance of pneumococci by the
reference laboratory in Portugal. We report the in vitro activ-
ities of different antimicrobial agents used against S. pneu-
moniae isolated from invasive sources over 11 years (from 1994
to 2004).

MATERIALS AND METHODS

Patients and bacterial isolates. Between 1 January 1994 and 31 December
2004, the ARSIP survey conducted by the Antibiotic Resistance Unit (ARU)
from the National Institute of Health Dr. Ricardo Jorge constantly monitored
pneumococcal isolates from cases of invasive disease in various regions of Por-
tugal. The national laboratory-based surveillance system collected 1,331 invasive
pneumococcal strains, which were isolated in 24 bacteriology laboratories in
hospitals and public health institutions. In the period 1994 to 1998, 12 hospitals
participated in the study, and since 1999, 12 more hospitals have been added to
the network. Isolates were included if they were nonrepetitive or consecutive
blood, cerebrospinal fluid (CSF), or pleural fluid samples from patients with
symptoms compatible with invasive pneumococcal disease. No changes were
made to the methods of data collection during the study. Some isolates were
from outpatients, but most were from patients hospitalized with community-
acquired invasive pneumococci disease. Only one isolate per patient was consid-
ered. Patients over 15 years old were considered to be adults.

Identification and serotyping. The isolates were sent at �20°C by hospital
laboratories to the reference laboratory, ARU, in Trypticase soy broth (TSB;
Oxoid, Basingstoke, England) containing 20% glycerol. On reception by the
ARU, the purity of the pneumococcal isolate was checked using standard meth-
ods, and the isolate was then stored at �80°C in TSB containing 20% glycerol.
Isolates were serotyped by dot blotting, the Quellung reaction, or both (11).

Antimicrobial susceptibility testing. Susceptibility testing was performed by
the agar dilution method. MICs of penicillin (Wyeth Lederle Portugal, Algés,
Portugal), cefotaxime (Farma-APS Produtos Farmacêuticos, Lisboa, Portugal),
ceftriaxone (Roche Farmacêutica Quı́mica, Amadora, Portugal), tetracycline
(Laboratórios Atral, Carregado, Portugal), chloramphenicol (Edol, Linda-a-
Velha, Portugal), erythromycin (Abbott Laboratórios, Amadora, Portugal), clin-
damycin (Pharmacia Corporation Laboratórios, Carnaxide, Portugal), ofloxacin
(Aventis Pharma, Mem-Martins, Portugal), ciprofloxacin (Bayer Portugal,
Carnaxide, Portugal), and vancomycin (Lilly Farma, Algés, Portugal) were de-
termined according to the testing conditions and susceptibility interpretation
standards proposed by the Clinical and Laboratory Standards Institute (CLSI;
formerly NCCLS) (29). Susceptibility to trimethoprim-sulfamethoxazole was
performed by a disk diffusion method according to CLSI recommendations (29).
Isolates with intermediate- or high-level resistance were classified as nonsuscep-
tible. Isolates that were nonsusceptible to at least three different antibiotic
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classes were classified as multidrug resistant. Erythromycin-nonsusceptible iso-
lates were classified as having the macrolide (M) or macrolide-lincosamide-
streptogramin B (MLSB) phenotype. The M phenotype was scored when the
isolate was nonsusceptible only to erythromycin. The MLSB phenotype was
scored when the isolate was nonsusceptible to both erythromycin and clindamy-
cin (20). MICs of vancomycin and ciprofloxacin were only determined from 1
January 1999. An isolate with a MIC of ciprofloxacin of �4 �g/ml was considered

nonsusceptible according to the association with mutations in the genes encoding
DNA topoisomerase IV and DNA gyrase A (36).

Statistical analyses. SPSS software, version 13.0, was used for statistical anal-
ysis. The chi-square test or Fisher’s exact test was used when appropriate.
Two-sided P values of �0.05 were considered to be statistically significant.
Correlations between antimicrobial nonsusceptibility rates were assessed using
the Spearman correlation coefficient.

RESULTS

A total of 1,331 pneumococcus strains were isolated during
an 11-year period in 24 hospitals and public health institutions
across Portugal and were included in the study: 73.3% were
isolated from blood, 20.4% from CSF, 4.5% from pleural fluid,
and 1.9% from both blood and CSF (Table 1). The age of the
patient was known for 1,219 (91.6%) of the isolates. Ninety-
seven (8.0%) isolates were from patients �1 year old, 156
(12.8%) were from patients 1 to 9 years old, 77 (6.3%) were
from patients 10 to 14 years old, 557 (45.7%) were from pa-
tients 15 to 64 years old, and 332 (27.2%) were from patients
�65 years of age. The ages of patients for the remaining 112
isolates were unknown.

The in vitro susceptibility data for 10 antimicrobial agents
are presented in Table 2. The proportion of penicillin-nonsus-
ceptible isolates was 20.6% (18.0% with intermediate resis-
tance [MIC of 0.1 to 1 �g/ml] and 2.6% with high-level resis-
tance [MIC of �2 �g/ml]), and the MIC90 was 0.5 �g/ml
(Table 2). Isolates with intermediate penicillin resistance be-
came more frequent: from 13.0% in the period 1994 to 1998
and 18.5% in 1999 to 2001 to 20% in 2002 to 2004 (P � 0.047)
(Table 3). However, the percentage of isolates with high-level

TABLE 1. Penicillin susceptibility and MDR according
to biological source

Perioda Biological source PENb
No. (%) of

isolates with
MDR

Total no. of
isolates

1994–1998 Blood 22 (10.3/3.0) 9 (5.7) 165
CSF 20 (18.6/4.7) 5 (5.9) 86
CSF � blood 0 (0) 0 (0) 1
Pleural fluid 4 (11.8/11.8) 3 (17.6) 17

1999–2001 Blood 78 (18.4/3.7) 23 (6.6) 354
CSF 20 (16.2/2.9) 5 (4.8) 105
CSF � blood 5 (41.7/0.0) 0 (0) 12
Pleural fluid 6 (21.1/10.5) 2 (11.1) 19
Pleural fluid �

blood
0 (0) 0 (0) 1

2002–2004 Blood 98 (20.9/0.7) 57 (12.9) 455
CSF 16 (18.8/1.3) 7 (9.0) 80
CSF � blood 1 (0.0/8.3) 0 (0) 12
Pleural fluid 4 (16.7/0.0) 1 (4.3) 24

a For the period 1994 to 1998, 12 laboratories participated, and for the periods
1999 to 2001 and 2002 to 2004, 24 laboratories participated. The period 2002 to
2004 was after the introduction of pneumococcal conjugate vaccine.

b No. of isolates nonsusceptible to penicillin (% of isolates with intermediate/
high-level resistance).

TABLE 2. Cumulative MICs of 10 antimicrobial agents for isolates of S. pneumoniae collected in Portugal between 1994–2004

Antimicrobial agent
Cumulative % of isolates inhibited by MIC (�g/ml) of:

% of
isolates with
resistancea:

Total
no. of

isolates
0.015 0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 I R

Penicillin 57.7b 76.8 79.4 84.7 86.2 92.3 97.4 100.0c 18.0 2.6 1,331

Cefotaxime 5.3b 57.1 60.6 62.6 87.8 94.3 98.8 99.9 100.0 2.3 0.2 1,329
Meningeal isolates 5.1b 62.8 68.9 71.6 88.5 93.6 99.3 100.0 5.7 0.7 296
Nonmeningeal isolates 5.3b 55.5 58.3 60.0 87.6 94.5 98.6 99.9 100.0 1.2 0.1 1,033

Ceftriaxone 4.1b 56.6 60.8 62.5 87.4 94.8 99.2 99.9 100.0 1.9 0.2 1,329
Meningeal isolates 2.7b 62.2 68.9 71.3 88.5 94.3 99.7 100.0 5.4 0.3 296
Nonmeningeal isolates 4.5b 55.0 58.5 60.0 87.1 95.0 99.0 99.9 100.0 0.9 0.1 1,033

Tetracycline 0.7b 9.8 50.1 62.4 85.4 87.7 88.5 90.4 94.0 97.2 100.0c 0.8 11.5 1,329

Erythromycin 1.3b 49.1 85.2 85.6 86.2 89.5 90.4 91.6 93.4 94.1 95.7 100.0c 0.5 13.8 1,329

Clindamycin 0.8b 61.0 90.1 90.6 90.8 92.6 93.0 93.2 93.5 93.9 94.9 100.0c 0.2 9.2 1,322

Choramphenicol 1.2 8.5 74.1 97.3 98.4 100.0 NA 2.7 1,322

Ofloxacin 0.5 29.0 98.0 99.7 99.8 99.8 100.0 1.7 0.3 1,322

Ciprofloxacin 0.1 3.4 22.6 81.4 98.6 99.7 99.8 99.8 99.8 100.0 NA 1.4 1,104

Vancomycin 0.1b 6.1 57.4 100.0 0.0 0.0 1,103

a I, intermediate; R, resistant. NA, not applicable.
b MIC equal to or less than the given value.
c MIC equal to or greater than the given value.
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resistance decreased from 4.1% to 3.7% and then to 0.9% (P �
0.003) (Table 3). The percentage of isolates nonsusceptible
only to penicillin decreased in the most recent years to 11.7%
(2002 to 2004). Penicillin nonsusceptibility was found associ-
ated with macrolide nonsusceptibility (P � 0.002), tri-
methoprim-sulfamethoxazole resistance (P � 0.017), and mul-
tidrug resistance (P � 0.001) among adults. The isolates with
intermediate penicillin resistance from adults were also asso-
ciated with isolates nonsusceptible to penicillin plus erythro-

mycin isolates (P � 0.006). Similar proportions of isolates had
intermediate and high-level resistance in blood (18.1%, and
2.4%, respectively) and CSF (17.9% and 3.0%, respectively)
(P � 0.84) (Table 1). Thus, the proportions of isolates nonsus-
ceptible to penicillin were similar for the blood (20.5%) and
CSF (20.9%) isolate subgroups (P � 0.87) (Table 1). Isolates
with intermediate resistance were more common in children
between 1 and 9 years of age (36.5%) (Fig. 1). The frequencies
of both isolates with intermediate resistance (23.0%) and those

FIG. 1. Distribution by age class of S. pneumoniae isolates that were nonsusceptible to antimicrobial agents.

TABLE 3. Year-to-year changes in nonsusceptible and multidrug-resistant S. pneumoniae isolates during 11-year study

Yr
% of nonsusceptible isolates (no. intermediate/resistant)a Total

no. of
isolates

% (no.) of
isolates

with MDRPEN CRO CTX TET ERY CLI CHL CIP OFX

1994 12.0 (2/1) 4.0 (1/0) 8.0 (2/0) 8.0 (1/1) 4.0 (0/1) 4.0 (1/0) 4.0 (NA/1) ND 4.0 (0/1) 25 4.0 (1)
1995 20.0 (13/1) 2.9 (1/1) 2.9 (1/1) 10.0 (0/7) 5.7 (0/4) 2.9 (0/2) 4.3 (NA/3) ND 4.3 (3/0) 70 2.9 (2)
1996 14.5 (4/5) 4.8 (3/0) 8.1 (5/0) 11.3 (0/7) 4.8 (0/3) 4.8 (0/3) 6.5 (NA/4) ND 4.8 (3/0) 62 8.2 (5)
1997 18.2 (8/4) 4.5 (3/0) 7.6 (4/1) 9.1 (1/5) 7.6 (0/5) 6.1 (0/4) 0.0 (NA/0) ND 1.5 (1/0) 66 6.3 (4)
1998 17.4 (8/0) 2.2 (1/0) 0.0 (0/0) 4.3 (0/2) 13.0 (0/6) 6.5 (0/3) 2.2 (NA/1) ND 2.2 (1/0) 46 11.4 (5)
1999 16.6 (19/10) 2.9 (5/0) 2.3 (5/0) 8.7 (1/14) 12.7 (0/22) 9.2 (0/16) 1.2 (NA/2) 1.2 (NA/2) 1.2 (0/2) 175 4.6 (8)
2000 28.5 (35/4) 2.9 (3/1) 4.4 (5/1) 13.1 (2/16) 11.7 (1/15) 10.9 (0/15) 2.2 (NA/3) 0.0 (NA/0) 0.0 (0/0) 137 6.6 (9)
2001 22.9 (37/4) 2.2 (4/0) 2.2 (4/0) 11.2 (0/20) 16.8 (0/30) 11.7 (0/21) 2.2 (NA/4) 0.6 (NA/1) 1.1 (2/0) 179 7.3 (13)
2002 21.1 (42/2) 1.4 (3/0) 1.4 (3/0) 10.0 (1/20) 12.0 (0/25) 7.7 (0/16) 2.9 (NA/6) 0.5 (NA/1) 0.0 (0/0) 209 7.9 (16)
2003 17.7 (28/1) 0.0 (0/0) 0.0 (0/0) 17.7 (3/26) 20.1 (2/31) 13.0 (2/19) 3.1 (NA/5) 1.8 (NA/3) 1.2 (2/0) 164 11.8 (19)
2004 23.2 (44/2) 0.5 (1/0) 0.5 (1/0) 18.2 (1/35) 23.2 (4/42) 11.4 (0/22) 3.6 (NA/7) 3.5 (NA/7) 5.7 (10/1) 198 15.6 (30)

Total 20.6 (240/34) 2.0 (25/2) 2.4 (30/3) 12.3 (10/153) 14.4 (7/184) 9.4 (3/121) 2.7 (NA/36) 1.4 (NA/15) 2.0 (22/4) 1,331 8.6 (112)

a PEN, penicillin; CRO, ceftriaxone; CTX, cefotaxime; TET, tetracycline; ERY, erythromycin; CLI, clindamycin; CHL, chloramphenicol; CIP, ciprofloxacin; OFX,
ofloxacin. NA, not applicable; ND, not determined.
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with high-level resistance (6.0%) were higher in children than
in adults (15.8%; 1.0%, respectively) (P � 0.001) (Fig. 1).
Serotype 14 was consistently the most frequent of the nonsus-
ceptible (both intermediate and high-level resistance) isolates.
Serogroup 19 increased approximately fivefold between the
periods 1999 to 2001 and 2002 to 2004. Between the same
periods, serogroups 23, 9, and 6 decreased (Table 4).

S. pneumoniae isolates that were nonsusceptible to either
cefotaxime (P � 0.001) or ceftriaxone (P � 0.007) became
rarer over time, from 5.2% and 3.7% (1994 to 1998), respec-
tively, to 0.7 (2002 to 2004) (Table 3). S. pneumoniae isolates
were classified for susceptibility to cephalosporins according to
two sets of CLSI criteria: those in use before 2002 and those in
use after 2002 (Table 5). Nonsusceptibility to celphalosporins
appeared to be less frequent after 2002. According to the 2002
guidelines, isolates nonsusceptible to cefotaxime (P � 0.001)

and ceftriaxone (P � 0.001) were more frequently recovered
from CSF (6.4% and 5.7%, respectively) than from blood
(1.3% and 1.0%, respectively). Using the CLSI guidelines in
force before 2002, no such association was found for either
cefotaxime (6.4% versus 5.5%; P � 0.57) or ceftriaxone (5.7%
versus 5.0%; P � 0.66). Cefotaxime-nonsusceptible isolates
were more prevalent in the 10- to 14-year-old age group
(11.4%; P � 0.005), whereas isolates that were nonsusceptible
to ceftriaxone were most common in the 1- to 9-year-old age
group (5.4%; P � 0.001) (Fig. 1). The main serotype and
serogroup among these isolates were serotype 14 (51.9% of
isolates nonsusceptible to ceftriaxone and 56.3% of those non-
susceptible to cefotaxime) and serogroup 9 (25.9% for ceftri-
axone and 25.0% for cefotaxime) (Table 4).

Among the 191 erythromycin-nonsusceptible (MIC, �0.5
�g/ml) isolates recovered in this study (14.4% of all isolates;

TABLE 4. Serotype distribution of S. pneumoniae isolates that were nonsusceptible to different antimicrobial agents from 1994 to 2004

Antimicrobial
agent and

period

No. (%) of isolates with pneumococcal serogroup/type:
Total

1 3 6 7 9 14 15 17 19 23 24 33 Othersa NDb

Penicillin
1994–1998 0 3 (6.5) 0 7 (15.2) 20 (43.5) 1 (2.2) 0 3 (6.5) 10 (21.7) 0 2 (4.3) 0 46
1999–2001 0 7 (6.4) 1 (0.9) 17 (15.6) 58 (53.2) 1 (0.9) 0 5 (4.6) 19 (17.4) 0 1 (0.9) 0 109
2002–2004 1 (0.8) 4 (3.4) 0 10 (8.4) 37 (31.1) 5 (4.2) 1 (0.8) 26 (21.8) 16 (13.4) 2 (1.7) 0 17 (14.3) 119

Total 1 (0.4) 14 (5.1) 1 (0.4) 34 (12.4) 115 (42.0) 7 (2.6) 1 (0.4) 34 (12.4) 45 (16.4) 2 (0.7) 3 (1.1) 17 (6.2) 274

Cefotaxime
1994–1998 0 4 (28.6) 6 (42.9) 0 4 (28.6) 14
1999–2001 1 (7.1) 4 (28.6) 9 (64.3) 0 0 14
2002–2004 0 0 3 (75) 1 (25) 0 4

Total 1 (3.1) 8 (25) 18 (56.3) 1 (3.1) 4 (12.5) 32

Ceftriaxone
1994–1998 0 3 (30) 3 (30) 1 (10) 3 (30) 10
1999–2001 1 (7.7) 4 (30.8) 8 (61.5) 0 0 13
2002–2004 0 0 3 (75) 1 (25) 0 4

Total 1 (3.7) 7 (25.9) 14 (51.9) 2 (7.4) 3 (11.1) 27

Erythromycin
1994–1998 0 0 7 (36.8) 0 1 (5.3) 6 (31.6) 1 (5.3) 0 2 (10.5) 1 (5.3) 0 0 1 (5.3) 0 19
1999–2001 0 2 (2.9) 20 (29.4) 2 (2.9) 3 (4.4) 21 (30.9) 3 (4.4) 0 12 (17.6) 3 (4.4) 0 1 (1.5) 1 (1.5) 0 68
2002–2004 1 (1.0) 0 10 (9.6) 0 3 (2.9) 21 (20.2) 5 (4.8) 1 (1.0) 28 (26.9) 2 (1.9) 2 (1.9) 4 (3.8) 1 (1.0) 26 (25.0) 104

Total 1 (0.5) 2 (1.0) 37 (19.4) 2 (1.0) 7 (3.7) 48 (25.1) 9 (3.1) 1 (0.5) 42 (22.0) 6 (3.1) 2 (1.0) 5 (2.6) 3 (1.6) 26 (13.6) 191

Clindamycin
1994–1998 0 7 (53.8) 0 0 1 (7.7) 1 (7.7) 0 2 (15.4) 1 (7.7) 0 0 1 (7.7) 0 13
1999–2001 2 (3.8) 17 (32.7) 1 (1.9) 0 14 (26.9) 2 (3.8) 0 12 (23.1) 3 (5.8) 0 1 (1.9) 0 (0.0) 0 52
2002–2004 0 9 (15.3) 0 2 (3.4) 4 (6.8) 5 (8.5) 1 (1.7) 17 (28.8) 2 (3.4) 2 (3.4) 4 (6.8) 1 (1.7) 12 (20.3) 59

Total 2 (1.6) 33 (26.6) 1 (1.8) 2 (1.6) 19 (15.3) 8 (6.5) 1 (0.8) 31 (25.0) 6 (4.8) 2 (1.6) 5 (4.0) 2 (1.6) 12 (9.7) 124

Ciprofloxacin
1994–1998 0 0 0 0 1 (100) 0 1
1999–2001 1 (33.3) 0 2 (66.7) 0 0 (33.3) 0 3
2002–2004 1 (9.1) 1 (9.1) 2 (18.2) 1 (9.1) 1 (9.1) 5 (45.5) 11

Total 2 (13.3) 1 (6.7) 4 (26.7) 1 (6.7) 2 (13.3) 5 (33.3) 15

a Includes serogroups/types 4 (n � 1), 8 (n � 1), 10 (n � 1), 11 (n � 1); 22 (n � 1), and 34 (n � 1).
b Not determined.
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Table 2), 67.4% were also clindamycin nonsusceptible (MLSB)
and 32.6% had the M phenotype. Erythromycin nonsuscepti-
bility increased from 7.1% (1994 to 1998) to 18.2% (2002 to
2004) among pneumococci (P � 0.001) (Table 3). The fre-
quency of the MLSB phenotype was 68.4% in the period from
1994 to 1998, increased to 76.5% in 1999 to 2001, and then
decreased to 60.8% in 2002 to 2004 (P � 0.001). Isolates
nonsusceptible only to macrolides increased from 3.7% (1994
to 1998) to 8.4% (1999 to 2001) and then to 9.1% (2002 to
2004). Erythromycin nonsusceptibility was associated with
multidrug resistance (P � 0.017) and with nonsusceptibility to
penicillin plus erythromycin (P � 0.001) among children. In
isolates from adults, erythromycin nonsusceptibility was also
associated with tetracycline (P � 0.001), chloramphenicol (P �
0.017), and ciprofloxacin (P � 0.012) nonsusceptibility. Eryth-
romycin- and clindamycin-nonsusceptible isolates were most
frequent among the isolates from children 1 to 9 years of
age (25.5% and 15.2% respectively), children �1 year of age
(17.5% and 12.4%, respectively), and adults �65 years of age
(16.6% and 10.4%, respectively) (Fig. 1). Many erythromycin-
nonsusceptible isolates were of serogroups 19 and 15, and
serotype 33 emerged after the period 1999 to 2001. Overall,
however, serotype frequencies did not change through time
(P � 0.068) (Table 4).

During the period of the study, the frequencies of cipro-
floxacin- and ofloxacin-nonsusceptible isolates reached 1.4%
and 2.0%, respectively; the MIC90 of both antibiotics was 2
�g/ml (Table 2). Isolates nonsusceptible to ciprofloxacin in-
creased from 0.6% (1999 to 2001) to 1.8% (2003) and to 3.5%
(2004) (P � 0.04) (Table 3). The percentage of pneumococci
nonsusceptible to ofloxacin decreased from 3.3% (1994 to
1998) to 0.8% (1999 to 2001) and then increased to 2.3% (2002
to 2004) (P � 0.04) (Table 3). The proportion of isolates from
children that were nonsusceptible to ciprofloxacin (1.3%) was
not significantly different from that observed for isolates from
adults (2.1%) (P � 0.47) (Fig. 1). Ciprofloxacin-nonsusceptible
isolates were from serotypes 1, 6, 11, 22, and 33 and were
mainly from serotype 14 (26.7%), which appeared only since
the period 1999 to 2001 (Table 4).

All isolates were susceptible to vancomycin, with a MIC90 of
0.5 �g/ml (Table 2).

The frequencies of multidrug-resistant pneumococci were
6.5% (1994 to 1998) and 6.2% (1999 to 2001) and then in-
creased to 11.7% in 2002 to 2004 (P � 0.002) (Table 3). The
proportions of multidrug-resistant isolates among blood

(9.3%) and CSF (6.3%) isolates were similar (P � 0.28) (Table
1). Isolates with multidrug resistance were most frequent in
children of the 1- to 9-year-old age group and in adults �65
years old (Fig. 1). Overall, the multidrug resistance of pneu-
mococci isolated from children (13.1%) was higher than that
from adults (6.7%) (P � 0.001). In children, the rate of mul-
tidrug-resistant isolates was mainly associated with macrolides
(P � 0.017), and in adults this rate was mainly associated with
resistance to penicillin (P � 0.001), tetracycline (P � 0.005),
macrolides (P � 0.001), chloramphenicol (P � 0.037), and
ciprofloxacin (P � 0.03). Among multidrug-resistant isolates,
serogroup 6 and serotype 14 decreased greatly between the
periods 1999 to 2001 and 2002 to 2004 and serotype 23 de-
creased from 1994 to 1998 to 7.7% in the period 2002 to 2004.
In contrast, serogroup 19 was not found in 1994 to 1998 but
made up 43.1% of the isolates in 2002 to 2004 (P � 0.001)
(Table 4). The 29 multidrug-resistant phenotypes observed
during the 11 years of the study are shown in Table 6. The
predominant phenotype of multidrug resistance was nonsus-
ceptibility to penicillin, tetracycline, erythromycin, and clinda-
mycin. Strains with this phenotype were mostly serotypes 6, 14,
15, 19, and 24. The second most frequent phenotype was non-
susceptibility to penicillin, erythromycin, and trimethoprim-
sulfamethoxazole, and all isolates with this phenotype were
serotype 14 or serotype 1. The multidrug-resistant phenotype
involving nonsusceptibility to penicillin, tetracycline, and
erythromycin (the third most frequent) was only found in 2002
to 2004 and only among isolates of serotype 19. Only 6 of the
29 phenotypes did not include isolates with nonsusceptibility to
macrolides. Isolates with coresistance to penicillin and eryth-
romycin became increasingly frequent, rising from 3.3% (1994
to 1998) to 5.5% (1999 to 2001) and then 9.1% (2002 to 2004)
(P � 0.001).

DISCUSSION

Between 1994 and 2004 the Antimicrobial Resistance Unit
at the National Institute of Health Dr. Ricardo Jorge in Lisbon
recovered 1,331 invasive S. pneumoniae strains isolated in 24
hospitals covering several regions of Portugal.

The first pneumococcal isolates nonsusceptible to penicillin
to be described in Portugal were isolated in 1989 (4.6%) as part
of a collection of strains from invasive and noninvasive diseases
(32). Such strains became more widespread over the years,
until they made up 9% (1992 to 1994) of isolates collected from

TABLE 5. Frequencies of susceptibility to cefotaxime and ceftriaxone among 1329 S. pneumoniae isolates according to CLSI guidelines
published before and after 2002

Antimicrobial agent
and CLSI guideline

No. (%) of nonsusceptible isolates

1994–1998 1999 2000 2001 2002 2003 2004

Cefotaxime
Before 2002 20 (7.4) 16 (9.2) 11 (8.0) 10 (5.6) 7 (3.3) 6 (3.7) 6 (3.0)
After 2002 14 (5.2) 4 (2.3) 6 (4.4) 4 (2.2) 3 (1.4) 0 (0.0) 1 (0.5)

Ceftriaxone
Before 2002 16 (5.9) 17 (9.8) 8 (5.8) 10 (5.6) 7 (3.3) 7 (4.3) 4 (2.0)
After 2002 10 (3.7) 5 (2.9) 4 (2.9) 4 (2.2) 3 (1.4) 0 (0.0) 1 (0.5)

Total no. of isolates 269 173 137 179 209 164 198
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invasive disease (6). We report that this trend continued, and
these strains accounted for 28.5% of isolates in the year 2000.
Then the rate declined to 17.7% in 2003 and in 2004 increased
again to 23.2%. Overall, the proportion of isolates that was
nonsusceptible to penicillin increased until the period 1999 to
2001 (22.2%) and then stabilized in the period 2001 to 2004
(20.8%).

The frequency of penicillin-nonsusceptible pneumococcal
isolates in our collection is lower than that observed among
invasive isolates in other countries, such as Spain (35.6% in
2001 to 2003) (30), France (47.5% in 2000 to 2002) (7), and
Israel (37.3% in 2004) (9). It was, however, similar to those of
several eastern European countries (9) and higher than those
in Italy (12.1% in 1999 to 2000) (27), Belgium (17.7% in 2000)
(12), Luxembourg (11.2% in 2004), and the majority of the
northern European countries (9). Differences in rates of pneu-
mococcal penicillin resistance between countries have been
shown to be associated with levels of antimicrobial consump-
tion (3, 5, 13).

We found that penicillin nonsusceptibility was associated
with macrolides (P � 0.002), trimethoprim-sulfamethoxazole
(P � 0.017), and multidrug resistance (P � 0.001). Similar
associations have been reported elsewhere in the world (18, 22,
33). Previous studies in Portugal gave similar findings, except

for macrolides (6, 32); however, the resistance to macrolides
was very low when these studies were conducted.

Despite nonsusceptibility being relatively prevalent in Por-
tugal, the frequency of isolates with high-level resistance de-
clined consistently, to 0.9% in 2001 to 2004. Work in animal
models (1, 37) and humans (25, 41) suggests that high-level
penicillin resistance is associated with decreased virulence of
pneumococci. Several studies reported that nonmeningeal
pneumococcal infections caused by isolates with a penicillin
MIC of �2 �g/ml can be treated successfully with penicillin
(31, 43). However, in severely ill patients with pneumococcal
bacteremia, combination antibiotic therapy reduces mortality
(2). Several studies have suggested that initial monotherapy
with �-lactams for severe pneumococcal bacteremia may be
suboptimal, and the use of combined therapy involving a mac-
rolide or quinolone may improve the outcome of the disease
(2, 39). Empirical combination antibiotherapy avoids discor-
dant therapy in the context of multidrug-resistant isolates but
also causes a selection pressure on those isolates.

Using the 2004 CLSI guidelines (29), we found that ceftri-
axone- and cefotaxime-nonsusceptible isolates became less
prevalent over time and made up �1% of the isolates in 2004.
Nevertheless, according to previous CLSI guidelines (28), the
frequency of isolates nonsusceptible to cephalosporin was sta-

TABLE 6. Distribution of 112 MDR S. pneumoniae isolates by serogroup/type in 1994 to 1998, 1999 to 2001, and 2002 to 2004

MDR phenotypea
No. of MDR isolates/period Total no. of

isolates Serogroup/type (%)
1994–1998 1999–2001 2002–2004

PEN TET ERY CLI 1 9 22 32 19 (31.3), 14 (25.0), 6 (15.6), 15 (15.6),
24 (6.3), 17 (3.1), 23 (3.1)

PEN ERY SXT 2 1 7 10 14 (90.0), 1 (10.0)
PEN TET ERY 9 9 19 (100)
TET ERY CLI SXT 2 5 1 8 6 (75.0), 14 (35.0)
TET ERY CLI CHL SXT 2 2 3 7 6 (71.4), 19 (28.6)
PEN TET ERY CLI SXT 1 2 4 7 6 (57.1), 9 (28.6), 19 (14.3)
PEN TET ERY CLI CHL SXT 2 4 6 23 (50.0), 6 (16.7), 14 (16.7), 19 (16.7)
PEN TET CHL SXT 1 4 5 23 (80.0), 19 (20.0)
TET ERY CLI CHL 3 3 19 (66.7), 6 (33.3)
PEN TET CHL CTX CRO SXT 2 1 3 23 (66.7), 19 (33.3)
ERY CLI CHL SXT 2 2 6 (100)
PEN ERY CLI SXT 1 1 2 14 (50.0), 15 (50.0)
PEN TET ERY CLI CHL CTX CRO SXT 1 1 2 6 (50.0), 23 (50.0)
TET CHL SXT 1 1 6 (100)
TET ERY CHL 1 1 19 (100)
TET ERY CHL SXT 1 1 6 (100)
PEN OFL CIP SXT 1 1 11 (100)
PEN ERY CTX CRO SXT 1 1 14 (100)
PEN ERY OFL CIP SXT 1 1 14 (100)
PEN TET SXT 1 1 14 (100)
PEN TET CHL CTX SXT 1 1 23 (100)
PEN TET ERY SXT 1 1 19 (100)
PEN TET ERY OFL CIP SXT 1 1 14 (100)
PEN TET ERY CHL SXT 1 1 14 (100)
PEN TET ERY CLI CTX SXT 1 1 14 (100)
PEN TET ERY CLI CTX CRO 1 1 14 (100)
PEN TET ERY CLI OFL CIP 1 1 6 (100)
PEN TET ERY CLI OFL CIP SXT 1 1 14 (100)
PEN TET ERY CLI CHL 1 1 23 (100)

Total 17 30 65 112

a PEN, penicillin; CRO, ceftriaxone; CTX, cefotaxime; TET, tetracycline; ERY, erythromycin; CLI, clindamycin; CHL, chloramphenicol; CIP, ciprofloxacin; OFX,
ofloxacin; SXT, trimethoprim-sulfamethoxazole.
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ble until 2001 and then only decreased to 3% in 2002 to 2004.
These apparent differences are due to the changes in the CLSI
susceptibility interpretation according to the source of isola-
tion. Indeed, the number of isolates recovered from blood or
CSF in the study influences the total frequency of nonsuscep-
tible isolates. This fact can cause misleading interpretations of
the frequency trends of cephalosporin-nonsusceptible isolates.
Earlier studies indicated that cephalosporin-nonsusceptible
isolates started to increase after 1993 (6), and our study sug-
gests that their prevalence started to decline after the intro-
duction of the pneumococcal conjugate vaccine in 2001. These
findings support the recommendations for the use of cephalo-
sporins, alone or combination with vancomycin, as initial em-
pirical therapy for treatment of bacterial meningitis (16, 42). In
Portugal, the antibiotics most used for meningitis have been
ceftriaxone (87%) and cefotaxime (10%) (4).

The rates of resistance to macrolides have increased world-
wide (19), consistent with our findings in Portugal. This is
mainly due to the widespread use of macrolides, mostly
azithromycin (8, 19). In Portugal, the predominant macrolide
phenotype was MLSB, as shown in this study and among iso-
lates recovered from respiratory tract infections (24). The ma-
jority of southern European countries also have a high preva-
lence of the MLSB phenotype (34). In contrast, the M
phenotype is predominant in the United States (23).

The rate of isolates nonsusceptible only to erythromycin
(3.7% in 1994 to 1998 to 9.1% in 2002 to 2004) showed the
same increasing trend as the rate of isolates with coresistance
to penicillin and erythromycin (3.3% in 1994 to 1998 to 9.1%
in 2002 to 2004). The increasing use of macrolides could be
causing the increase of penicillin and multidrug resistances,
due to the coresistance to macrolides. Fatal cases due to mac-
rolide resistance have been described following azithromycin
monotherapy (40). The new ketolide, telithromycin, is a po-
tential alternative to the currently used macrolides. However,
isolates resistant to telithromycin have already been reported
all over the world (15, 35). It seems that telithromycin may be
of limited therapeutic value in the long term due to the asso-
ciated resistance mechanism (14).

We found a significant frequency of isolates resistant to
tetracycline and chloramphenicol. These antibiotics are not
commonly used in Portugal (13). The high prevalence of such
strains can be explained by coresistance, mainly between tet-
racycline and macrolides. This coresistance is commonly asso-
ciated with the presence of several transposons which carry the
genetic determinants encoding resistance to both antibiotics
(21, 26).

Nonsusceptibility to ciprofloxacin increased in recent years
from 0.5% in 2002 to 3.5% in 2004. This was associated with
multidrug resistance, mainly among adults. In other studies, an
association between ciprofloxacin resistance and individuals
�65 years old has been observed (17, 38). This antibiotic is
mostly used in elderly individuals.

Multidrug resistance increased in the last years of our study:
from 7.9% in 2002 to 15.6% in 2004. In children, this mainly
involved resistance to macrolides; in adults, it was mostly non-
susceptibility to penicillin, macrolides, and ciprofloxacin. The
increasing resistance may be associated with the increased use
of these antibiotics in recent years (8, 13).

In view of the antibiotic resistance patterns among pneumo-

cocci in Portugal, penicillin should be used to treat uncompli-
cated nonmeningeal pneumococcal infections. The use of
cephalosporins to treat meningeal pneumococcal infections
and their use combined with a macrolide or quinolone to treat
several nonmeningeal pneumococcal infections seem also to be
reasonable choices.
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