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Susceptibility of S. pneumoniae to Various Antibiotics Among Strains Isolated
from Patients and Healthy Carriers in Different Regions of Brazil (1999-2000)

Rossi F., Andreazzi D., Maffucci M. and Pereira A A.

HC-FMUSP, Emilio Ribas Institute, Sdo Paulo, SP;
State University of Rio de Janeiro, RJ, Brazil

Resistance of microbes to commonly used antibiotics became a major concern at the end of the
last century. Because Streptococcus pneumoniae is the most common pathogen in respiratory
infections, we conducted microbiological assessment of drug susceptibility patterns among strains
collected from two different population groups: 1) adult and pediatric patients (375 isolates) with
different infections, and 2) healthy children in day care centers (<5 years old; 350 isolates). High
level resistance to penicillin was not identified in either group. Intermediate resistance levels
were similar in both groups (adults: 9.9%; children: 9.2%). The Central West region of Brazil
tended to have lower susceptibility of S.preumoniae from infected adults and children to penicillin
(81% vs. 93% in the South and 90% in the Southeast), tetracycline (64% vs. 80% and 76%),
and trimethoprim/sulfamethoxazole (14% vs. 34%). Susceptibility was similar among strains
from nasal cultures of healthy children tested in each of 4 regions of Brazil. All isolates were
susceptible to cefaclor, cefotaxime and amoxacillin/clavulanate. This study, in two distinct
populations, allowed characterization of local microbiological resistance patterns. This data is
expected to be of use in guiding empiric therapy in the different regions of Brazil.

Key Words: S. pneumoniae, resistance, susceptibility, respiratory infection, antibiotics, Brazil.

There are many conditions favorable to the
development of antimicrobial resistance in different
countries throughout Latin America. Brazil is an
important player in this situation since self-medication
and over-the-counter sales of antibiotics are common
practices still to be prevented.

Streptococcus pneumoniae is the most common
bacterial pathogen associated with respiratory tract
infections such as otitis media, sinusitis, and pneumonia
in adults and children [1]. More than 1 million deaths
per year in children less than 5 years of age are due
to infections caused by Streptococcus pneumoniae
[2]. Although efforts are being made to develop
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effective vaccines, early diagnosis and care is the
current approach to treat such infections. This
includes a focus on standard microbiology procedures
and a well designed quality assurance program, in
order to ensure that results help to predict clinical
outcome and also indicate adequate antimicrobial
therapy. There are no Brazilian microbiological
standards, so, most of our laboratories follow
NCCLS (National Committee for Clinical Laboratory
Standards, USA) guidelines. MIC (minimum
inhibitory concentration) procedures are
recommended to detect penicillin, amoxicillin, and
cephalosporin resistance among Streptococcus
pneumoniae since the disc diffusion method is not
recommended [3]. Most of our clinical laboratories
only use the disc diffusion method which may lead to
a degree of uncertainty when determining drug
resistance in such microorganisms.

The prevalence of Streptococcus pneumoniae
resistance in Latin American countries is increasing, but
current data show that Brazil’s rate is relatively low
compared to other countries worldwide [4].
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Objective

This study was designed to determine susceptibility
patterns of Streptococcus pneumoniae isolates to [3-
lactam and non- b-lactam agents from 1999 to 2000,
in different geographical regions in Brazil (Figure 1). A
surveillance program was designed in which two groups
of isolates were obtained. Group A isolates were
recovered from adult and pediatric patients presenting
with various infections, and Group B isolates were
obtained from healthy pediatric carriers (Table 1).

Materials and Methods

Two different groups were studied to determine
susceptibility patterns among S. preumoniae. Distinct
Brazilian regions were enrolled in each group as shown
inTable 1.

Group A. We collected 375 Streptococcus pneumoniae
strains from four different Brazilian regions. Child (34%)
and adult (66%) specimens were sent to microbiology
laboratories for routine diagnostic cultures. Sputum
samples were included only when the sample was
considered significant according to Gram’s stain scores
and related to a confirmed clinical infection.
Demographic information, other than age and infectious
process related to the specimens, was not reported;
this information was difficult to obtain from many
patients.

Group B. We collected 2,521 nasal swabs from healthy
children younger than 5 years old in daycare centers
reporting no episodes of infection or antibiotic use in
the previous month. Swabs were collected by the same
nurse from the different Brazilian regions, and were sent
to a central microbiology laboratory in Sdo Paulo for
culture, identificiation, and standard susceptibility testing.

Methods

Identification was performed as recommended by
the Manual of Clinical Microbiology ASM [5]. Isolates

from both groups were tested against a panel of
antibiotics using a combined method of disc diffusion
and MIC by E-tests (AB Biodisc, Solona, Sweden).
Susceptibility tests were performed with Mueller-
Hinton agar supplemented with 5% sheep blood. E-
tests for penicillin, cefaclor, amoxicillin/clavulanate and
cefotaxime were used according to the manufacturer’s
recommendations. Disc testing (Oxoid) for
trimethoprim/sulfamethoxazole (TMP-SMZ),
erythromycin, chloramphenicol, and tetracycline was
performed following National Committee for Clinical
Laboratory Standards (NCCLS M7-A5 / M2-A7 /
M100 S10) procedures [3]. A single 150 cm agar plate
with E-test strips and the discs were incubated for 20
to 24 hours in 5% CO,. Testing of isolates was
performed with concurrent testing of quality control
organisms Streptococcus pneumoniae ATCC 49619
and Escherichia coli ATCC 35218. The range for
susceptibility by E-test (susceptible, intermediate and
resistant) are shown in Table 2. Pharmacokinetic/
pharmacodynamic (PK/PD) breakpoints were used for
oral agents as recommended by the NCCLS M7-AS5
/M2-A7/M100 S10 [3] document.

Results

Group A: Patients. We obtained 375 Streptococcus
pneumoniae isolates from three different Brazilian
regions South (147); Southeast (186) and Center-West
(42) from adults (248-66%) and children (127-34%).
The isolates were obtained from respiratory tract
infections in 136 (52%), among which 98 (72%) were
from upper respiratory tract and 38 (28%) were from
lower respiratory tract infections. Other main sources
of'the isolates were blood in 120 patients (32%) and
CSF in 60 patients (16%).

All of the isolates tested had MIC values to penicillin
<2.0 pg/ml, no high level resistance according to
NCCLS standards [3]. The rate of intermediate
resistance to penicillin was 9.8% (37 of 375 isolates)
The most active oral antimicrobial agent was amoxicillin/
clavulanate (100% susceptible). Susceptibilities to other
drugs were as follows: cefotaxime 100%; cefaclor
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Table 1. Streptococcus pneumoniae: Group A (adult / pediatric infeccions) and Group B (pediatric carriers)

Region Group A Group B
North N) --- 69 (373)
Northeast (NE) --- 51 (305)
Centerwest (CW) 42 ---

Southeast (SE) 186 130 (1301)
South (S) 147 100 (542)
Total 375 350 (2521)

Table 2. Interpretative criteria for agents tested by E-test

Amtimicrobial Susceptible Intermediate Resistant
Agent pg/ml pg/ml pg/ml
Penicillin <0.06 0.12-1 >2
Amoxicillin/Clavulanate <2 4 >8
Cefaclor <1 2 >4
Cefotaxime <0.5 1 >2

www.infecto.org.br/bjid.htm



S.pneumoniae-Brazilian Resistance Pattern

BJID 2001; 5 (December)

Table 3. Group A: S. pneumoniae susceptibility/Brazilian regions

Total number South South east Center west
of isolates region region region
(n=375) (n=147) (n=186) (n=42)
Penicillin
MIC,, <0.016 <0.016 <0.016 <0.016
MIC,, 0.047 0.032 0.047 0.064
% S/I/R 90.1/99/0 932/6.8/0 89.8/10.2/0 81/19/0
Amox/Clav.
MIC,, <0.016 <0.016 <0.016 <0.016
MIC,, 0.023 0.016 0.023 0.032
% S/I/R 100/0/0 100/0/0 100/0/0 100/0/0
Cefaclor
MIC,, 0.19 0.19 0.19 0.19
MIC,, 0.38 0.38 0.38 0.38
% S/I/R 97.6/08/1.6 96.6/1.4/2 978/06/1.6 100/0/0
Cefotaxime
MIC,, <0.016 <0.016 <0.016 <0.016
MIC,, 0.032 0.023 0.047 0.047
% S/I/R 100/0/0 100/0/0 100/0/0 100/0/0
Chloramphenicol
% S/I/R 952/0/4.8 939/0/6.1 952/0/4.8 100/0/0
Erythromycin
% S/I/R 96.3/1/2.7 952/14/34 973/1.1/1.6 952/0/4.8
Tetracycline
% S/I/R 76.5/12/11.5 80.3/11,5/8.2 76.3/12.4/11.3 64.3/11.9/23.8

Trimethoprim / Sulfamethoxazole

% S/I/R

32/4/64

34/4.8/61.2

34.4/2.7/62.9

143/7.1/78.6
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97.6%; erythromycin 96.3%; tetracycline 76.5%;
SMT-TMZ 32%.

Results were similar among the three Brazilian
regions, however, S. pneumoniae strains from the
Center-West (CW) region tended to have lower
susceptibility to all antibiotics when compared to overall
results (percentage of susceptibility to tetracycline
64.3% vs. 76.5%, SMT-TMZ 14.3% vs. 32%). The
highest intermediate resistance rate to penicillin was also
found in the CW region: 19.0% vs. 9.9% overall results.

Table 3 sumarizes the data from each region for
each of the drugs, recorded as MICs 50 and 90.

Group B. Healthy Children Carriers (<5 years old).
Nasal swabs from 2,521 Brazilian children <5 years
old were collected from participating daycare centers
by the same nurse. They were forwarded to our central
laboratory in Sdo Paulo, Brazil, where they were
cultured, identified, and tested against the same drug
panel by the same method as in Group A.

Streptococcus pneumoniae isolates were found in
350(13.9%) of the 2,521 nasal swabs obtained (overall
carrier rate). Among 350 different isolates, the
distribution among regions was as follows: 100 from
South, 130 from SW, 69 from North, and 51 from
NE. High level resistance (>2 pg/ml) to penicillin was
not found. Intermediate resistance to penicillin was
observed in 32 (9.2%) of the 350 strains, while the
remainder (90.8%) were susceptible. A summary of
the regional distribution resistance patterns MICs 50
and MICs 90 are summarized in Table 4.

Discussion

Brazil is a country of continental proportions and it
is important to define the resistance differences among
regions.

S. pneumoniae isolates from patients and healthy
carriers had similar rates of intermediate resistance to
penicillin (9.9% in group A, and 9.2% in group B)
when looking at overall results. No strains with high
level resistance to penicillin were found in either group
and the intermediate penicillin resistance levels were

similar in both (9.9% in group A and 9.2% in group
B). Group A strains from CenterWest (CW) showed
marked differences for penicillin with intermediate rate
19% when compared to 9.9% overall, and high cross
resistance rates to tetracycline (23.8%) and
trimethoprim/sulfamethoxazole (78.6%). This group
represented diverse patients with very litttle clinical
information other than specimen and patient’s age, so
it was difficult to draw any epidemiological conclusions
regarding resistance differences in the CW. This should
be looked at more carefully in further studies.
Laboratories from the North region enrolled to
participate encountered difficulties and did not submit
any strains.

Group B penicillin strains with intermediate
resistance rates from SE (13.8%), NE (9.8%) and
South (8.0%) were quite similar, but the North region
showed a markedly low percentage 1.4% of
intermediate resistance when compared to other
surveillance studies in Brazil [6]. Erythromycin overall
resistance was 4.6%, but the North region had a
resistance rate of 8.7%. Information regarding antibiotic
comsumption remains a challenge to record due to a
lack of consistent information, but efforts should be
made to clarify those major resistance differences.

The accelerated increase in penicillin resistance
observed over the last 10 years in other countries, is
also areality in Brazil even though resistance trends
have been slower. In the LASER Group study [7],
where 1,100 S. pneumoniae isolates were tested,
Brazil showed the highest prevalence of penicillin
susceptible organisms (87.1%), followed by Argentina
(80.9%), Venezuela (78.1%), Panama (77.0%) and
Chile (68.7%).

Most respiratory tract infections are treated on an
empirical basis, so it is necessary to keep monitoring
patterns of S. pneumoniae resistance, especially in
local regions and communities, to better guide antibiotic
therapy.

The prevalence of resistance to non-b-lactam agents
also increased significantly in penicillin susceptible and
penicillin intermediate strains [7,8]. It is important to
highlight that the breakpoints for amoxycillin/clavulanate,
erythromycin, tetracycline, TMP-SXZ, and cefaclor are
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Table 4. Group B - carriers: S. pneumoniae susceptibility patterns/Brazilian regions

Total number of South South east North North east
isolates region region region region
(n=350) (n=100) (n=130) n=69) (n=51)
Penicillin
MIC,, <0.016 <0.016 <0.016 - <0.016
MIC,, 0.047 0.047 0.064 <0,016 0.047
% S/I/R 90.8/9.2/0 92.0/8.0/0 86.2/13.8/0 98.6/14/0 90.2/9.8/0
Amox./Clav.
MIC,, <0.016 <0.016 <0.016 - <0.016
MIC,, 0.016 0.016 0.032 <0,016 0.016
% S/I/R 100/0/0 100/0/0 100/0/0 100/0/0 100/0/0
Cefaclor
MIC,, 0.19 0.19 0.19 0.125 0.19
MIC,, 0.38 0.38 0.5 0.25 0.5
% S/I/R 97.4/03/2.3 96.0/0/4 96.1/0.8/3.1 100/0/0 100/0/0
Cefotaxime
MIC,, <0.016 <0.016 0.016 - 0.016
MIC,, 0.047 0.047 0.047 0.016 0.047
% S/I/R 100/0/0 100/0/0 100/0/0 100/0/0 100/0/0
Chloramphenicol
% S/I/R 957/0/4.3 94/0/6 946/0/5.4 100/0/0 96.1/0/3.9
Erythromycin
% S/I/R 943/1.1/4.6 98/1/1 93.1/7/62 91.3/0/8.7 941/39/2
Tetracyclin
% S/I/R 78/9.4/12.6 83/13/4 74.6/77/177 783/104/11.6 765/59/17.6
Trimethoprim/
Sulfametoxazol
% S/I/R 16/5.1/78.9 14/4/82 185/53/762 174/29/79.7 11.8/9.8/78.4
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based on oral use of these agents, while the breakpoints
for penicillin and ceftaxime are primarily based on
standard intravenous dose administration for meningeal
infections. The results obtained for amoxycillin/
clavulanate are identical to those obtained with amoxycillin
against S. pneumoniae as this organism does not
produce beta-lactamase.

Resistance to macrolides has increased worldwide
however, in this study, we did not find such high
resistance rates (in either group) as can be seen in some
Latin American countries like Mexico [7].

From a clinical point of view, it is important that
treatment of pneumococcal infections in different clinical
sites should also be considered when we analyze
surveillance results. In vitro data should always be
considered with regards to the site of the infection as
well as to demographic data in order to choose which
drug is the most appropriate for therapy. Cefotaxime or
ceftriaxone plus vancomycin have been recommended
for the treatment of meningitis caused by penicillin non-
susceptible strains [9] Imipenem and meropenem have
been found to be effective in reports of meningitis due to
penicillin resistant strains [10,11]. In adults with
pneumococal bacteremia, high dose iv penicillin G
(150,000 to 250,000 U/kg per day) has been
recommended for penicillin intermediate strains [12].

Resistance in Streptococcus pneumoniae creates
some problems for the physician when empiric treatment
has to be initiated. It is widely accepted that there is
inadequate awareness regarding treatment of penicillin
non-susceptible pneumococcal infections due to
misinterpretations of the current breakpoints to different
clinical situations. The Drug-Resistant Streptococcus
pneumoniae Therapeutic Working Group (DRSTWG)
of the Centers for Disease Control (CDC) has recently
made recommendations for treatment of acute otitis
media (AOM) in which amoxicillin is indicated as the
first choice for uncomplicated cases of AOM. For high
risk patients (e.g. patients with recent antimicrobial
exposure, <2 years of age, and/or in day care setting),
high doses of amoxicillin or amoxicillin-clavulanate (up
to 70-90 mg/kg/day of amoxicillin) are currently
recommended. For treatment failures with empiric
amoxicillin, an antibiotic that is effective for treatment of

B-lactamase producing organisms (H. influenzae), and
is also active against DRSP, should be prescribed. These
would include amoxicillin-clavulanate (especially if given
athigher doses of the amoxicillin component), cefuroxime
axetil, and intramuscular ceftriaxone. Tympanocentesis
may be performed in refractory cases of otitis media in
order to obtain evidence of the causative pathogen as
well as to determine the susceptibility of the organism
give the clinician may a microbiological support when
deciding on the appropriate therapy in each case [13].

Treatment of respiratory infections is a great challenge
because microbiological cultures and sensitivities are usually
notroutinely requested and lack of appropriate methods is
another importantissue in Brazil. Surveillance studies [6,14]
are an important epidemiological tool for clinicians to help
decide which is the most appropriate empiric treatment.
Local microbiological data supports appropriate use of
antimicrobial agents. The new breakpoints for oral drugs
show better correlation with clinical outcomes, as
demonstrated by Craig and others [13,15].

Local surveillance protocols should be run on a
continuous basis and standardized microbiological
methods should always be considered. Information
about associated resistance, as well as differences in
prevalence associated with region, specimen source,
and patient age is extremely important. Efforts toward
a policy on appropriate antimicrobial prescribing
should be an important multidisciplinary target to
ensure that only the the best agents most appropriate
drugs are used.
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