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The in vitro antimicrobial susceptibility of the respiratory pathogens Streptococcus pneumoniae,
Haemophilus influenzae, and Moraxella catarrhalis to commonly tested and prescribed agents was
investigated during 1999-2000 and compared with results obtained during a previous 1997-1998
study. Of 448 isolates of S. pneumoniae collected and tested in 1999-2000, 77.2% were susceptible,
19.9% were intermediate, and 2.9% were resistant to penicillin, demonstrating that there were no
major changes in susceptibility to penicillin from 1997-1998 (77.1% susceptible, 18.7% intermediate,
4.2% resistant). All S. pneumoniae isolates from 1999-2000 were susceptible to levofloxacin and
vancomycin, and >90% were susceptible to the b-lactams (amoxicillin-clavulanate, ceftriaxone, and
cefuroxime) and macrolides (azithromycin and clarithromycin), showing that susceptibility to these
agents also remained unchanged since 1997-1998. The most notable increase in resistance between
the two studies was demonstrated by trimethoprim-sulfamethoxazole, which increased from 23.4% to
38.6%. Penicillin resistance correlated with resistance to b-lactams, macrolides, and trimethoprimsulfamethoxazole in both studies. In H. influenzae, the prevalence of b-lactamase-producing isolates
remained unchanged (10.6% in 1999-2000; 11.0% in 1997-1998). All H. influenzae isolates were
susceptible to levofloxacin, ceftriaxone, cefuroxime, and azithromycin, and showed no change between
the two studies. Trimethoprim-sulfamethoxazole resistance was present in 40.1% of isolates in 19992000, and in 45.2% in 1997-1998. In M. catarrhalis, the prevalence of b-lactamase-producing isolates
was unchanged (97.9% in 1999-2000; 98.0% in 1997-1998). The most active agents against M.
catarrhalis were azithromycin (MIC90, <0.03 mg/ml) and levofloxacin (MIC90, 0.03 mg/ml). Overall,
these results suggest that, in Brazil, between 1999-2000 and 1997-1998, there have been no significant
changes in the susceptibility of respiratory pathogens to any of the commonly tested and prescribed
agents with the exception of trimethoprim-sulfamethoxazole for S. pneumoniae.
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The respiratory pathogens Streptococcus
pneumoniae, Haemophilus influenzae, and
Moraxella catarrhalis have generated considerable
interest and a number of worldwide surveillance
initiatives has demonstrated emerging resistance to
different classes of antimicrobial agents. S.
pneumoniae isolates with reduced susceptibility to
penicillin were first reported in 1967 [1], and were
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subsequently detected in Europe, South Africa, and
Japan in the 1970s [2], and in Brazil in 1988 [3]. Of
particular concern is the tendency for penicillin-resistant
pneumococci to exhibit reduced susceptibility to other
agents, including other β-lactams, macrolides, and
trimethoprim-sulfamethoxazole [4-8]. Annual
surveillance of resistance in respiratory pathogens is
now being conducted in the United States and has
shown that significant changes in antimicrobial resistance
profiles can occur between two sequential respiratory
seasons [8]. For example, trimethoprimsulfamethoxazole exhibited a two-fold increase in
resistance for S. pneumoniae between the 1997-1998
and 1998-1999 respiratory seasons [8]. Although
fluoroquinolone-resistant isolates of pneumococci have
been reported, they are still relatively rare (<1%
resistance) [8,9].
The acquisition of plasmid-encoded β-lactamases
in isolates of Haemophilus influenzae and Moraxella
catarrhalis has largely eliminated ampicillin as a
therapeutic agent for infections caused by β-lactamaseproducing isolates [10,11]. Resistance to trimethoprimsulfamethoxazole in H. influenzae is also prevalent in
many countries [7,10]. To date, the fluoroquinolones
have retained their activity against H. influenzae and
M. catarrhalis in most countries, including Brazil. It is
clear that continuous surveillance efforts are vital in
monitoring any changes in the susceptibility profiles of
respiratory pathogens.
We report the results of a study intended to monitor
antimicrobial resistance in respiratory pathogens in
Brazil during the 1999-2000 respiratory season. Since
the isolates were collected from the same hospital
laboratories that participated in a previous study we
conducted in 1997-1998 [12], we were also able to
perform a longitudinal analysis of the results to identify
any significant changes in antimicrobial resistance in
Brazil during the two seasons.
Materials and Methods
Organism collection. From April 1999 to April 2000,
we collected respiratory isolates from six hospital
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laboratories in Brazil. Each laboratory submitted one
isolate per patient, and each isolate was accompanied
by patient data. Five of the six laboratories also
participated in the respiratory pathogen surveillance
study we conducted in Brazil in 1997-1998 [12],
enabling a longitudinal analysis of resulting data. All
isolates were derived from clinical samples taken from
upper and lower respiratory tract sites, blood, ears,
and eyes. All isolates were shipped to the Focus
Technologies, Inc. (formerly Focus Technologies)
central laboratory, in Herndon, Virginia, USA, where
each isolate was subcultured onto blood agar (or
chocolate agar in the case of H. influenzae) and reidentified according to standard methods as previously
described [6,8,10,12]. Pure cultures were stocked
in the MRL culture collection, and all isolates were
maintained frozen at -80oC. In total, 448 isolates of
S. pneumoniae, 274 isolates of H. influenzae, and
49 isolates of M. catarrhalis were collected during
1999-2000 and tested against commonly prescribed
antimicrobial agents. In the 1997-1998 study, a total
of 359 isolates of S. pneumoniae, 219 isolates of H.
influenzae, and 52 isolates of M catarrhalis were
collected from five laboratories.
Antibiotic susceptibility testing. Isolates were tested
for susceptibility to penicillin (S. pneumoniae),
ampicillin (H. influenzae and M. catarrhalis),
amoxicillin-clavulanate, ceftriaxone, cefuroxime,
vancomycin, azithromycin, clarithromycin,
trimethoprim-sulfamethoxazole, and levofloxacin using
concentrations that were at least one 2-fold
concentration below the susceptible breakpoint and one
2-fold concentration above the resistant breakpoint
(when available). Antibiotic susceptibility testing was
conducted by broth microdilution using dried Sensititre
panels (Trek Diagnostic Systems, Inc., Westlake, Ohio)
in accordance with NCCLS guidelines. For S.
pneumoniae and H. influenzae, breakpoint
interpretations were conducted according to the
recommendations of the National Committee for
Clinical Laboratory Standards (NCCLS) [13,14]. For
M. catarrhalis, no NCCLS breakpoints were
available. All H. influenzae and M. catarrhalis isolates
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were tested for the production of β-lactamase using
the DrySlide nitrocefin test (Difco Laboratories, Detroit,
Michigan).
Results
S. pneumoniae. Table 1 shows the antimicrobial
activity of all antimicrobials tested against S.
pneumoniae collected during the 1999-2000
respiratory season in Brazil. Of the 448 isolates
collected and tested, 89 (19.9%) were intermediate
and 13 (2.9%) were resistant to penicillin. Based on
MIC90s, amoxicillin-clavulanate was the most potent
β-lactam (MIC90, 0.06 µg/ml; 0.9% resistant), with
only four resistant isolates, closely followed by
ceftriaxone (MIC90, 0.12 µg/ml; 0.4% resistant), with
only two resistant isolates. Cefuroxime was the least
active β-lactam (MIC90, 0.5 µg/ml; 5.4% resistant),
with 24 isolates resistant. Penicillin is a marker
antimicrobial often used to stratify the activity of other
antimicrobial agents against S. pneumoniae. Among
the β-lactams (amoxicillin-clavulanate, ceftriaxone, and
cefuroxime) there was a correlation with susceptibility
to penicillin, as all resistant isolates were nonsusceptible
(intermediate or resistant) to penicillin. None of the
isolates collected in the 1999-2000 season were
intermediate or resistant to levofloxacin. The activity
of levofloxacin was unaffected by susceptibility to
penicillin, as penicillin-susceptible, -intermediate, and
-resistant isolates all had MIC90s of 1 µg/ml.
Azithromycin and clarithromycin demonstrated
equivalent antibacterial activity against all isolates, with
MIC90s of 0.06 and 0.03 µg/ml and resistance rates of
4.7% and 4.9%, respectively. Resistance rates to
azithromycin (30.8%) and clarithromycin (38.5%)
were higher in isolates that were resistant to penicillin.
Trimethoprim-sulfamethoxazole was the least active
agent (MIC90, >4 µg/ml; resistance rate, 38.6%) and
also showed cross-resistance to penicillin, with all 13
penicillin-resistant isolates also resistant to
trimethoprim-sulfamethoxazole.
All 448 isolates of S. pneumoniae were analyzed
for the presence of multidrug resistance, defined as
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resistance to three or more classes of antimicrobial
agents. We identified six multidrug-resistant (MDR)
isolates, a prevalence of 1.3%. Four of the MDR
isolates were resistant to azithromycin, penicillin, and
trimethoprim-sulfamethoxazole, and two were resistant
to ceftriaxone, penicillin, and trimethoprimsulfamethoxazole (data not shown).
Specimen source and patient age data were
collected for each isolate and were analyzed for possible
associations with antimicrobial susceptibility. In S.
pneumoniae, penicillin resistance increased from 1.0%
in isolates from patients >18 years of age to 5.0% in
isolates from patients >65 years old. Macrolide
resistance also varied with patient age; resistance rates
in patients <18 years old were 2.6% for clarithromycin
and 3.1% for azithromycin, compared to 10.0%
resistance for both agents in patients >65 years old.
Analysis of results by specimen source showed that
penicillin resistance in S. pneumoniae ranged from
2.2% in respiratory isolates to 5.6% in blood isolates
(data not shown).
Changes in the resistance of S. pneumoniae to all
tested antimicrobials between the study we conducted
in 1997-1998 [12] and the current 1999-2000 study
are shown in Table 2. For penicillin, the percentage of
nonsusceptible isolates remained unchanged between
the 2 years; however, there was a minor shift in MIC
distribution from the intermediate to the resistant
category in the 1999-2000 study (18.7% intermediate;
4.2% resistant) compared with the 1997-1998 study
(19.9% intermediate; 2.9% resistant). Amoxicillinclavulanate, cefuroxime, and ceftriaxone demonstrated
only minor changes in the percentages of resistant
isolates (<1%), as did the macrolides azithromycin and
clarithromycin (<0.5%). The percentage of isolates
susceptible to vancomycin remained at 100%, and there
was no change in the MIC90 (0.5 µg/ml). Susceptibility
to levofloxacin also remained stable, with no
intermediate or resistant isolates reported in the 19992000 study, and one resistant isolate reported in the
1997-1998 study. The largest increase in resistance
was demonstrated by trimethoprim-sulfamethoxazole,
with 23.4% resistance in 1997-1998, and 38.6% in
1999-2000. Further analysis showed that the
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Table 1. Susceptibility of 448 isolates of S. pneumoniae collected during 1999-2000 to all antimicrobials tested
according to penicillin statusa
mg/ml
Range
Pencillin
Penicillin-susceptible
Penicillin-intermediate
Penicillin-resistant
Amoxicillin-clavulanate
Penicillin-susceptible
Penicillin-intermediate
Penicillin-resistant
Ceftriaxone
Penicillin-susceptible
Penicillin-intermediate
Penicillin-resistant
Cefuroxime
Penicillin-susceptible
Penicillin-intermediate
Penicillin-resistant
Azithromycin
Penicillin-susceptible
Penicillin-intermediate
Penicillin-resistant
Clarithromycin
Penicillin-susceptible
Penicillin-intermediate
Penicillin-resistant
TMP-SMXb
Penicillin-susceptible
Penicillin-intermediate
Penicillin-resistant
Vancomycin
Penicillin-susceptible
Penicillin-intermediate
Penicillin-resistant
Levofloxacin
Penicillin-susceptible
Penicillin-intermediate
Penicillin-resistant

MIC50

≤0.03-4
≤0.03-0.06
0.12-1
2-4
≤0.015-2
≤0.015-0.12
0.03-1
0.5-2
≤0.015-2
≤0.015-0.25
≤0.015-1
0.5-2
≤0.12-8
≤0.12-1
≤0.12-4
4-8
≤0.03->4
≤0.03->4
≤0.03->4
≤0.03->4
≤0.015->32
≤0.015->32
≤0.015->32
≤0.015->32
≤0.015->4
≤0.015->4
0.12->4
4->4
≤0.06-0.5
≤0.06-0.5
0.12-0.5
0.25-0.5
0.25-2
0.25-1
0.5-2
0.5-1

MIC90

≤0.03
0.25
≤0.03
≤0.03
0.12
1
2
2
0.03
0.06
≤0.015
0.03
0.06
0.5
1
2
0.03
0.12
0.03
0.06
0.12
0.5
1
2
≤0.12
0.5
≤0.12
≤0.12
0.5
2
4
8
≤0.03
0.06
≤0.03
≤0.03
≤0.03
0.12
≤0.03
>4
0.03
0.03
≤0.015
0.03
0.03
0.03
0.03 >32
1
>4
0.5
4
4
>4
>4
>4
0.25
0.5
0.25
0.5
0.25
0.5
0.25
0.5
1
1
1
1
1
1
1
1

Mode

%S

%I

%R

≤0.03
≤0.03
0.12
2
≤0.015
≤0.015
0.06
1
0.03
0.03
0.12
1
≤0.12
≤0.12
0.5
4
≤0.03
≤0.03
≤0.03
≤0.03
≤0.015
≤0.015
0.03
≤0.015
4
0.25
4
>4
0.25
0.25
0.25
0.25
1
1
1
1

77.2
100
0
0
96.9
100
96.6
15.4
97.1
100
98.9
7.7
91.5
99.1
75.3
0
94.9
96.8
92.1
61.5
94.9
96.8
92.1
61.5
44.9
55.5
10.1
0
100
100
100
100
100
100
100
100

19.9
0
100
0
2.2
0
3.4
53.8
2.5
0
1.1
76.9
3.1
0.9
12.4
0
0.4
0
1.1
7.7
0.2
0
1.1
0
16.5
16.5
19.1
0
-c
0
0
0
0

2.9
0
0
100
0.9
0
0
30.8
0.4
0
0
15.4
5.4
0
12.4
100
4.7
3.2
6.7
30.8
4.9
3.2
6.7
38.5
38.6
28.0
70.8
100
0
0
0
0

346 Penicillin-susceptible, 89 penicillin-intermediate, and 13 penicillin-resistant S. pneumoniae were collected.
TMP-SMX = trimethoprim-sulfamethoxazole.
c
NCCLS breakpoints were unavailable for categorical interpretation as intermediate (I), or resistant (R).
a

b
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Table 2. Comparison of resistance prevalence and MIC90s for respiratory pathogens collected in the 1997-1998
and 1999-2000 respiratory seasons
Year

S. pneumoniae
MIC90 %I

%R

H. influenzae

M. catarrhalis

MIC90 %I

%R

MIC90
NT
NT

Penicillin

1997-1998
1999-2000

0.25
0.25

18.7
19.9

4.2
2.9

NTd
NT

NT
NT

NT
NT

Ampicillin

1997-1998
1999-2000

NT
NT

NT
NT

NT
NT

2
8

1.4
0.4

9.6
10.6

Amoxicillin-clavulanate

1997-1998a
1999-2000b

0.06
0.06

2.2
2.2

1.7
0.9

1
1

0
0

Ceftriaxone

1997-1998
1999-2000

0.12
0.12

2.8
2.5

1.4
0.4

Cefuroxime

1997-1998
1999-2000

0.5
0.5

2.2
3.1

5.3
5.4

2
1

Azithromycin

1997-1998
1999-2000

0.06
0.06

0.6
0.4

4.2
4.7

Clarithromycin

1997-1998
1999-2000

0.03
0.03

0
0.2

TMP-SMXe

1997-1998
1999-2000

Vancomycin

1997-1998
1999-2000

0.5
0.5

Levofloxacin

1997-1998
1999-2000

1
1

4
>4

>8

0
0.4

0.25
0.25

0
0

0.5
0.5

0
0

0
0

2
2

2
2

-c
-

-

4.7
4.9

8
8

7.8
2.6

0
0.4

0.12
0.12

28.4
16.5

23.4
38.6

>4
>4

7.8
9.5

45.2
40.1

0.5
0.5

-

f

-

NT
NT

NT
NT

NT
NT

NT
NT

0
0

0.3
0

0.015 0
0.015 0

0.03 0
≤0.015 0

≤0.03
≤0.03

0
0

359 S. pneumoniae, 219 H. influenzae, and 52 M. catarrhalis were collected during 1997-1998.
448 S. pneumoniae, 274 H. influenzae, and 49 M. catarrhalis were collected during 1999-2000.
c
NCCLS breakpoints unavailable for categorical interpretation as susceptible (S), intermediate (I), or resistant (R).
d
NT = not tested.
e
TMP-SMX = trimethoprim-sulfamethoxazole.
f
NCCLS breakpoints unavailable for categorical interpretation as intermediate (I) or resistant (R).
a

b
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trimethoprim-sulfamethoxazole-resistant isolates were
evenly distributed among the participating laboratories
in both studies (data not shown).
H. influenzae. The results in Table 3 show the activity
of antimicrobial agents against the 274 isolates of H.
influenzae collected during the 1999-2000 study. Of
the 274 isolates, 29 (10.6%) produced β-lactamase,
and 28 of those were also ampicillin-resistant. One
isolate that was β-lactamase-negative and ampicillinresistant (BLNAR) originated from a 4-year-old male
outpatient and was also resistant to amoxicillinclavulanate. Ceftriaxone was the most active β-lactam
based on MIC90 (<0.015 µg/ml) and its activity was
not affected by the production of β-lactamase.
Azithromycin (MIC90, 2 µg/ml; susceptibility 100%)
was four-fold more potent than clarithromycin (MIC90,
8 µg/ml; susceptibility 97.1%). Trimethoprimsulfamethoxazole was the least active of the agents
tested, with an MIC90 of >4 µg/ml and a resistance
rate of 40.1%. Furthermore, the activity of
trimethoprim-sulfamethoxazole was adversely affected
by the production of β-lactamase, with 34.7% of βlactamase-nonproducing isolates resistant, compared
with 86.2% of β-lactamase-producing isolates. The 110
trimethoprim-sulfamethoxazole-resistant isolates of
H. influenzae were evenly distributed across the
six laboratories, with resistance rates ranging from
23.5% to 55.4% (data not shown). The results in
Table 2 show that there were no major changes in
the susceptibility of H. influenzae to any of the
tested antimicrobials between the 1997-1998 and
1999-2000 studies. The only change observed was
for ampicillin, which had an increase in MIC90 from
2 µg/ml in 1997-1998 to 8 µg/ml in 1999-2000.
Levofloxacin also displayed potent activity against
all isolates (MIC 90, 0.015 µg/ml) including the
BLNAR isolate (MIC, 0.015 µg/ml). Although the
MIC for levofloxacin ranged from <0.004 µg/ml
to 0.25 µg/ml, only two isolates had MICs of 0.25
µg/ml. The activity of levofloxacin was not
compromised by β-lactamase production (MIC90,
0.015 µg/ml for both β-lactamase-positive andnegative isolates).
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M. catarrhalis. The susceptibility results for the 49
isolates of M. catarrhalis collected during 1999-2000
are shown in Table 4. β-lactamase production was
detected in 48 (98.0%) of the 49 isolates. The most
active agents tested were azithromycin (MIC90, <0.03
µg/ml) and levofloxacin (MIC90, 0.03 µg/ml). The
results in Table 2 show no major changes in the
susceptibility of M. catarrhalis to the tested
antimicrobials during the two seasons, except for
decreases in MIC90s for ampicillin (from >8 µg/ml in
1997-1998 to 4 µg/ml in 1999-2000) and levofloxacin
(from 0.06 µg/ml in 1997-1998 to 0.03 µg/ml in 19992000).
Discussion
The activity of levofloxacin against key respiratory
pathogens was first benchmarked in Brazil in a study
we conducted during the 1997-1998 season [12]. In
an attempt to monitor any changes in susceptibility of
these pathogens to levofloxacin and comparator agents,
the current study was conducted during the 1999-2000
season. All five laboratories that participated in the
1997-1998 study also participated in the 1999-2000
study, enabling longitudinal analysis of the resulting
antimicrobial susceptibility data. Both studies were also
comparable in terms of the numbers of organisms
collected and tested. Together, these studies represent
one of the most extensive efforts to monitor antimicrobial
resistance in respiratory pathogens in Brazil.
Penicillin is widely regarded as a marker for
monitoring resistance in pneumococci and is used to
stratify the susceptibility of organisms to other classes
of antimicrobial agents. However, it was not long ago
that penicillin was the therapy of choice for
pneumococcal infections because of its efficacy and
low cost. The utility of penicillin as a therapeutic agent
has been threatened by increasing resistance, beginning
with the appearance of the first resistant isolate in Brazil
in 1988 [3]. Until recently, very few published studies
had been conducted in Brazil to monitor the susceptibility
of respiratory pathogens to penicillin and other key
agents. Most early studies included Brazil as one
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Table 3. Susceptibility of 274 isolates of H. influenzae collected during 1999-2000 to all antimicrobials tested
according to β-lactamase statusa
mg/ml
Range

MIC

Ampicillin
β-lactamase-positive
β-lactamase-negative

≤0.12->8
2->8
≤0.12->8

0.25
>8
0.25

Amoxicillin-clavulanate
β-lactamase-positive
β-lactamase-negative

≤0.015−>16
0.25-4
≤0.015->16

Ceftriaxone
β-lactamase-positive
β-lactamase-negative

Mode

%S

8
>8
0.25

0.25
>8
0.25

89.1
0
99.6

0.5
1
0.5

1
2
0.5

0.5
0.5
0.5

99.6
100
99.6

≤0.015-0.03
≤0.015-=0.015
≤0.015-0.03

≤0.015
≤0.015
≤0.015

≤0.015
≤0.015
≤0.015

≤0.015
≤0.015
≤0.015

100
100
100

-

c

-

Cefuroxime
β-lactamase-positive
β-lactamase-negative

≤0.12-4
0.25-4
≤0.12-4

0.5
1
0.5

1
1
1

0.5
1
0.5

100
100
100

0
0
0

0
0
0

Azithromycin
β-lactamase-positive
β-lactamase-negative

≤0.03-2
0.12-2
≤0.03-2

1
1
1

2
2
2

1
1
1

100
100
100

-

-

Clarithromycin
β-lactamase-positive
β-lactamase-negative

≤0.015-32
2-16
≤0.015-32

8
8
8

8
8
8

8
8
8

97.1
93.1
97.6

2.6
6.9
2.0

0.4
0
0.4

TMP-SMX
β-lactamase-positive
β-lactamase-negative

≤0.015->4
0.03->4
≤0.015->4

0.5
>4
0.5

>4
>4
>4

>4
>4
>4

50.4
10.3
55.1

9.5
3.4
10.2

40.1
86.2
34.7

Levofloxacin
β-lactamase-positive
β-lactamase-negative

≤0.004-0.25
0.008-0.25
≤0.004-0.25

-

-

d

50

0.015
0.015
0.015

MIC

90

0.015
0.015
0.015

0.015
0.015
0.015

100
100
100

29 β-lactamase-positive and 245 β-lactamase-negative H. influenzae were collected.
NCCLS breakpoints were unavailable for categorical interpretation as intermediate (I).
c
NCCLS breakpoints unavailable for categorical interpretation as intermediate (I) or resistant (R).
d
TMP-SMX = trimethoprim-sulfamethoxazole.
a

b
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Table 4. Susceptibility of 49 isolates of M. catarrhalis collected during 1999-2000 to all antimicrobialsa
mg/ml
Range
Ampicillin
Amoxicillin-clavulanate
Ceftriaxone
Cefuroxime
Azithromycin
Clarithromycin
TMP-SMXb
Levofloxacin

≤0.12-4
≤0.015-0.5
≤0.015-1
0.5-4
≤0.03-0.06
0.06-2
≤0.015-2
0.015-0.06

MIC50

MIC90

Mode

1
0.06
0.06
1
≤0.03
0.12
0.25
0.03

4
0.25
0.5
2
≤0.03
0.12
0.5
0.03

1
0.03
≤0.015
1
≤0.03
0.12
0.25
0.03

48 β-lactamase positive and 1 β-lactamase negative M. catarrhalis were collected.
TMP-SMX = trimethoprim-sulfamethoxazole.

a

b

component of a larger multi-country study, which
resulted in a relatively small number of isolates from
Brazil being included in the analysis [11,15-18]. One
of the earliest studies to monitor pneumococcal
susceptibility in Brazil [19] reported that 81.3% of 262
isolates collected in Brazil between 1988 and 1992
were susceptible to penicillin. The current report found
the susceptibility of S. pneumoniae to penicillin
unchanged between 1997-1998 and 1999-2000, with
77.1% to 77.2% of isolates susceptible, suggesting that
penicillin susceptibility in Brazil has remained essentially
unchanged in the last decade. Penicillin susceptibility
rates in Brazil were slightly lower (71.9%) in the
SENTRY study of 1997-1998 [20]. The SENTRY
study also found that isolates from outpatients were
only 59.6% susceptible [21]. In contrast, our 19992000 study found 75.3% of outpatient isolates to be
penicillin-susceptible (data not shown). It is also
interesting to note that the current study found a
decrease in penicillin-resistant isolates between 19971998 (4.2%), and 1999-2000 (2.9%) (Table 2). This
is in contrast to findings from the United States, where
penicillin resistance increased from 12.3% in 19971998, to 14.7% in 1998-1999 [8].

Penicillin resistance had considerable impact on the
susceptibility of S. pneumoniae to other β-lactams,
including the cephalosporins. For example, all 13
cefuroxime-resistant isolates in the 1999-2000 study
were also penicillin-resistant, and trimethoprimsulfamethoxazole resistance rates were 28%, 71%, and
100% among penicillin-susceptible, -intermediate, and
-resistant isolates, respectively. Almost identical results
were obtained in the study by Ko, et al. [22], which
found trimethoprim-sulfamethoxazole resistance rates
of 28% for penicillin-susceptible, and 76% for
penicillin-intermediate isolates.
The 15% increase in resistance of S. pneumoniae
to trimethoprim-sulfamethoxazole between 1997-1998
and 1999-2000, may be due to the extensive use of
this agent for respiratory tract infections in the outpatient
setting [22]. Other studies have shown that resistance
to trimethoprim-sulfamethoxazole in Brazil has risen
considerably during the last decade, from 1% in a 19811982 study [23] to 29.2% in a study conducted
between 1988 and 1992 [19]. The widespread use of
trimethoprim-sulfamethoxazole may also be exerting
selective pressure for penicillin-nonsusceptible
phenotypes (serotype 14 clones) [22]. In our 1999-
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2000 study, all penicillin-resistant isolates of S.
pneumoniae were also resistant to trimethoprimsulfamethoxazole, confirming the observations of other
investigators [18,24,25]. The increase in trimethoprimsulfamethoxazole resistance is not unique to Brazil; an
increase from 13.8% in 1997-1998 to 27.3% in 19981999 has also been reported in the United States [8].
To date, few studies have been conducted to
compare the efficacy of fluoroquinolones against
respiratory pathogens in Brazil [20,26]. In our 19971998 study, only one levofloxacin-resistant isolate was
detected out of 359 isolates tested, and no resistant
isolates were identified among the 448 isolates tested
in 1999-2000. In both studies, levofloxacin had an
MIC90 of 1 µg/ml, indicating that in S. pneumoniae,
resistance to levofloxacin has remained unchanged
during the previous 2 years and still shows no crossresistance with other classes of antimicrobial agents.
Although fluoroquinolone-resistant pneumococci are
being reported in small numbers in other countries such
as Canada [9] and the United States [8], they have not
been detected to any significant extent in Brazil.
Among H. influenzae, activity remained unchanged
among the tested antimicrobials between the 19971998 and 1999-2000 respiratory seasons. The
percentage of isolates producing β-lactamase was also
unchanged between 1997-1998 and 1999-2000
(10.9% and 10.6%, respectively) and was similar to
the rate of 11.8% reported in the 1997 SENTRY study
conducted in Brazil [21]. In a separate study,
Casagrande, et al. [27] found that 13.8% of 391 isolates
collected from meningitis patients aged 5 years or less
between 1989 and 1995, were positive for the
production of β-lactamase. It was noted that there was
no major change in the ampicillin resistance rate, which
was 9.6% in 1997-1998, and 10.6% in 1999-2000;
however, there was a four-fold increase in the MIC90,
from 2 µg/ml in 1997-1998 to 8 µg/ml in 1999-2000.
Susceptibility of H. influenzae to ampicillin should be
carefully monitored in future studies to determine if this
shift in MIC distribution continues. The BLNAR isolate
that was identified in the current 1999-2000 study was
unique; none of the other studies conducted in Brazil
have reported isolates with this phenotype.
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The ability of M. catarrhalis to produce βlactamase remained unchanged between 1997-1998
(97.9%) and 1999-2000 (98.0%). This rate of βlactamase production was slightly higher than the
89.0% reported in the 1997 SENTRY study [21]
and the 91.6% reported in the Alexander Project
[16], which combined Brazilian isolates with those
from other countries. The current study found little
or no change in the activity of any of the tested agents
between the two respiratory seasons based on the
MIC90 values. The only exceptions were ampicillin
and levofloxacin: the ampicillin MIC90 decreased
from >8 µg/ml in 1997-1998 to 4 µg/ml in 19992000; while the levofloxacin MIC 90 decreased
from 0.06 µg/ml in 1997-1998 to 0.03 µg/ml in
1999-2000.
In conclusion, this longitudinal study has shown
that, with one exception, there were no major
changes in the susceptibility of S. pneumoniae, H.
influenzae, and M. catarrhalis to commonly tested
and prescribed antimicrobial agents between the
1997-1998 and 1999-2000 respiratory seasons in
Brazil. The exception was S. pneumoniae and
trimethoprim-sulfamethoxazole, for which resistance
increased from 23.4% in 1997-1998, to 38.6% in
1999-2000. The design of this study and our
previous 1997-1998 study, with isolates collected
in similar numbers and from the same laboratories
over two successive respiratory seasons, provided
a unique opportunity to monitor any changes in
antimicrobial susceptibility profiles among three
important respiratory pathogens. Similar ongoing
surveillance initiatives in various global regions will
be crucial to maintain an accurate picture of
antimicrobial resistance in Brazil and other countries.
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