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ABSTRACT
Objective: To determine whether the presence of in vitro
penicillin-resistant Streptococcus pneumoniae increases
the risk of clinical failure in children hospitalised with
severe pneumonia and treated with penicillin/ampicillin.
Design: Multicentre, prospective, observational study.
Setting: 12 tertiary-care centres in three countries in
Latin America.
Patients: 240 children aged 3–59 months, hospitalised
with severe pneumonia and known in vitro susceptibility
of S pneumoniae.
Intervention: Patients were treated with intravenous
penicillin/ampicillin after collection of blood and, when
possible, pleural fluid for culture. The minimal inhibitory
concentration (MIC) test was used to determine penicillin
susceptibility of the pneumococcal strains isolated.
Children were continuously monitored until discharge.
Main outcome measures: The primary outcome was
treatment failure (using clinical criteria).
Results: Overall treatment failure was 21%. After
allowing for different potential confounders, there was no
evidence of association between treatment failure and in
vitro resistance of S pneumoniae to penicillin according to
the Clinical Laboratory Standards Institute (CLSI)/National
Committee for Clinical Laboratory Standards (NCCLS)
interpretative standards (adjRR = 1.03; 95%CI: 0.49–1.90
for resistant S pneumoniae).
Conclusions: Intravenous penicillin/ampicillin remains the
drug of choice for treating penicillin-resistant pneumo-
coccal pneumonia in areas where the MIC does not
exceed 2 mg/ml.

Acute respiratory infections (ARI) are among the
five leading causes of death in children less than 5
years old in developing countries, causing more
than 2 millions deaths per year.1 2 Streptococcus
pneumoniae is the bacteria that causes the most ARI
(especially pneumonia) in this age group.3 4 The
World Health Organization (WHO) and the Pan
American Health Organization (PAHO) have
developed a strategy to reduce the burden of ARI
among children, and it is based on standard case-
management with appropriate empirical antibiotic
treatment.5 This approach, when optimally
applied, has been effective in reducing childhood
pneumonia-related mortality by 50% and overall
child mortality by 25%.6

However, the emergence of penicillin-resistant
pneumococcal strains has made the choice of
empirical antibiotic therapy more difficult.
Penicillin resistance has resulted in poor clinical

outcomes for bacterial meningitis and has changed
the recommendation for the empirical treatment of
this disease.7 Controversy still exists as to whether
or not penicillin resistance influences the outcome
in pneumococcal pneumonia. No prospective study
has been conducted to directly address this ques-
tion.

Our aim was to determine whether the presence
of penicillin-resistant S pneumoniae increases the
risk of clinical failure in children aged 3–59 months
who are hospitalised with severe pneumonia and
treated with penicillin/ampicillin.

METHODS

Study design, definitions and procedures
This was a multicentre, prospective, observational
investigation carried out simultaneously in 12
centres in three countries (six centres in
Argentina, five in Brazil and one in the
Dominican Republic) from July 1998 to
December 2002. Conjugate pneumococcal vaccine
was not available for the study population at that
time and is not yet routinely administered in any
of these countries.

In this study, cases were defined as children aged
3 to 59 months who were hospitalised with severe
pneumonia according to the WHO guidelines,5 that
is, children with a cough or difficulty breathing and
lower chest indrawing. The exclusion criteria were
signs of very severe disease (severe malnutrition,
stridor in calm child, unconsciousness, convulsions,
nasal flaring, central cyanosis),5 meningitis, sepsis,
other infections requiring antibiotic therapy, cur-
rent measles or pertussis, known penicillin allergy,
miliary tuberculosis, congenital heart disease,
known immunodeficiency, cancer, neurological or
neuromuscular diseases, HIV-positive mother and
hospitalisation in the previous two weeks before
enrolment in this study.

On admission, a complete history was recorded
and a full clinical examination with a chest X-ray
was carried out. Venous blood samples were
collected for culture and blood studies before
therapy was initiated. When possible, pleural fluid
was also collected for culture.

Blood and pleural fluid specimens were immedi-
ately inoculated into appropriate broth media for
culture, and isolates were identified by standard
methods.8 All isolates were sent to the National
Reference Laboratory of each country for the
determination of the MIC for penicillin, using
the broth micro-dilution method according to the
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CLSI/NCCLS.9 Penicillin MIC data were interpreted according
to the CLSI/NCCLS standards, that is, susceptible is (0.06 mg/
ml, intermediate is 0.12 mg/ml to 1 mg/ml and resistant is
>2 mg/ml. Serotypes were determined by the Neufeld–Quellung
reaction using sera from the Statens Seruminstitut,
Copenhagen, Denmark. All the National Reference
Laboratories participate in an external Quality Assurance
Programme for the SIREVA network (PAHO)10 established by
the National Centre for Streptococcus (NCS) in Edmonton,
Alberta (Canada).

The patients received either penicillin G intravenously
(200,000 IU/kg/day) or ampicillin intravenously (150 mg/kg/
day) divided into four doses, in accordance with local policies.
They were monitored for fever, tachypnea, hypoxaemia
(oxygen saturation by pulse oximetry (95% while breathing
room air)11 and the occurrence of disease progression until
discharge. Fever was defined as axillary temperature .37.5uC12

and tachypnoea as respiratory rate >50 breaths/min in children
aged 3–11 months and >40 breaths/min in children aged 12
months or more.5 The primary study outcome was treatment
failure, defined as either no improvement (persistence of fever,
tachypnoea, dyspnoea or hypoxaemia) after at least 48 hours of
antibiotic therapy or deterioration of patients during antimi-
crobial therapy. Deterioration included development of pneu-
mothorax, pneumatocele, pleural effusion for those without
pleural effusion on admission, respiratory failure or sepsis.
When treatment failed, the antibiotic was changed in accor-
dance with local policies.

Ethical aspects
This study was approved by the Ethical Committee of every
centre and by the ethical review board of the WHO (Sub-
committee on Research Involving Human Subjects). We
obtained written informed consent from parents or legal
guardians of children before enrolment.

Statistical analysis
The sample size was estimated for a cohort study design to
compare the risk of treatment failure in cases presenting in vitro
penicillin-resistant isolates (exposed) with the risk of treatment
failure in cases with in vitro susceptible strains (non-exposed).
We assumed a ratio of non-exposed to exposed of 4:1 and
assumed that among non-exposed patients the treatment failure
rate would be 15%. Thus, 196 isolates would be sufficient to
detect a statistically significant relative risk of 2.5 or greater
associated with risk factors for treatment failure at a signifi-
cance level of 0.05 and power of 0.80.

Analysis was conducted using a multiple logistic regression
model. This model was developed in steps so that the more
distant determinants of the outcome were first entered and,
afterwards, the model progressively included the more proximal
variables. The age of the child was included in the model on
a priori grounds.

Thus, initially we included in our model the variables related
to socioeconomic condition (eg, parent’s schooling, parent’s
occupation, family income, country of residence, place of
residence). Afterwards, we included the mother’s age, length
of exclusive breast feeding, day-care centre attendance, use of
antibiotics prior to admission to the study, history of
hospitalisation, exposure to passive smoking and overcrowding.
The variables that were included in the last steps were the
presence and susceptibility of S pneumoniae to penicillin, the
initial signs and symptoms of disease (eg, clinical, laboratory

and X-ray findings) and, finally, the clinical evolution markers.
Variables were selected for this analysis on the basis of a
literature review for factors shown to be related to treatment
failure in children with pneumonia.

Variables were selected for the final model if p(0.05 in each
step and if there was a clear change (10% or more) in the
estimate of the effect of in vitro penicillin-resistant isolates
produced by the other variables not selected in the first steps of
the analysis. The statistical significance of variables in the
model was assessed by the likelihood ratio test (LRT). The odds
ratios obtained were corrected to relative risks according to
Zhang and Yu.13 The analyses were performed using the STATA
package, version 9.0.

RESULTS
Out of the 2566 patients included, 284 (11%) had pneumococcal
strains isolated (179 from blood, 102 from pleural fluid and
three from both). In vitro susceptibility was obtained, for 263
(93%) strains out of which 138 (52%) were susceptible, 68 (26%)
had intermediate resistance and 57 (22%) were resistant (49
with MIC = 2 mg/ml and eight strains with MIC = 4 mg/ml).

After excluding patients for whom the antibiotic was
changed in the first 48 hours of therapy (23), 240 cases
constituted the study sample. Serotype data were available for
227 (95%) of these cases, and the following serotypes were the
most common: 14 (118 strains), 1 (22 strains), 6B (16 strains), 5
(15 strains), 6A (9 strains), 9V (9 strains), 19A (6 strains), 18C (5
strains), 19F (5 strains) and 23F (3 strains). Table 1 presents
selected demographic and clinical characteristics of these
patients according to pneumococcal susceptibility. Overall, the
median age was 15.7 months and the mean age 19.9 months
(SD = 13.2 months).

We observed treatment failure in 51 (21%) children. For 12 of
these patients their clinical condition deteriorated on the day
that treatment failure was documented (one with respiratory
failure, two with pneumatocele, one with pneumothorax and
pleural effusion, one with pneumothorax and sepsis, two with
sepsis and five with pleural effusion). Four patients needed to be
referred to an intensive care unit (ICU), but no death occurred
in this study group. The treatment failure occurred, on average,
5.8 days after the beginning of the therapy (median = 5 days).

No statistically significant association between in vitro
resistance of S pneumoniae to penicillin and treatment failure
was observed (p = 0.75), even after stratifying according to the
presence of pleural effusion on admission (table 2).

The final multiple logistic regression model for the analysis of
the effect of in vitro resistance of S pneumoniae on treatment
outcome included 236 children, owing to missing values for the
variable ‘‘previous antibiotic use’’ included in the model. Pleural
effusion and lethargy on admission were statistically associated
with treatment failure (table 3). No association between
S pneumoniae resistance to penicillin, according to the CLSI/
NCCLS breakpoints, and treatment failure was found (table 3).

DISCUSSION
Despite the availability of excellent antimicrobial therapy and
adequate healthcare systems, respiratory diseases and invasive
infections caused by pneumococci are still a major public health
problem.14 15 The introduction of penicillin in the 1940s greatly
reduced the fatality rate of those infections.16 Resistance to
penicillin among S pneumoniae was initially recognised in 1967,17

but only at the beginning of the 1990s did the penicillin
resistance began to increase at an alarming rate.18 Nevertheless,
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the clinical relevance of antimicrobial resistance in pneumococ-
cal respiratory-tract infections remains surprisingly uncer-
tain.14 18

To the authors’ knowledge, this is the first prospective,
multicentre investigation conducted among children with
severe pneumonia in which patients were categorised according
to the level of in vitro penicillin resistance to assess the
association between resistance in vitro and clinical outcome
after penicillin administration.19 There was a large number of
patients in our study and the sample size was therefore
appropriate. The treatment was standardised at the same dose
of penicillin/ampicillin for all eligible patients, the analysis was
adjusted for confounding variables, there was no co-morbidity
and patients presented with the same level of severity.

The evidence presented here shows that there is no
association between penicillin resistance in vitro and treatment
failure of penicillin in children up to 5 years old hospitalised
with severe pneumonia (table 3). Austrian and Gold20 reported,
40 years ago, that even with appropriate therapy and no
resistance, 10–15% of hospitalised patients with pneumococcal
bacteraemic pneumonia would fail therapy. This means that
there will always be anecdotal evidence of treatment failure
with various drugs because of the intrinsic pathogenicity of
S pneumoniae.18

In a study of 504 adult patients with culture-proven
pneumococcal pneumonia, Pallares et al.21 found that mortality
was 25% in patients who had penicillin-resistant S pneumoniae
and were treated with penicillin G or ampicillin during the first
48 hours (discordant therapy), whereas mortality was 19% in
those with penicillin-susceptible strains who were treated with
the same drugs (concordant therapy) (p = 0.51). By contrast,
Turett et al.22 found an association between high-level
(MIC>2 mg/ml) penicillin resistance and mortality. However,

the HIV-infection rate among these penicillin-resistant cases
was high (70%).

Several experts believe that the aim of antimicrobial therapy
in respiratory-tract infections, including pneumonia, should be
the eradication of the infecting organism,23 and the pharmaco-
dynamics/pharmacokinetics (PK/PD) of an antimicrobial agent
against the infecting pathogen can be used to predict the
potential for bacterial eradication.24 The penetration of beta-
lactam antibiotics into lung tissue is generally similar to that of
the serum concentration that provides a bactericidal effect at
the site of infection; in addition, pneumococcal resistance to
beta-lactams is not absolute, and increased doses can achieve the
required PK/PD parameters for the treatment of resistant
strains.23I have changed

All patients included in this study received Ampicillin
intravenously (150 mg/kg/day) or Penicillin G intravenously
(200 000 units/kg/day), doses that were reported to achieve
serum concentrations above the MIC for highly penicillin-
resistant strains (MIC>2 mg/ml) for .50% of the dosing
interval (3 h).23 Giachetto et al.25 reported adequate interdose
time serum concentrations higher than 4 mg/ml using
Ampicillin (400 mg/kg/day) or Penicillin G IV (200 000 units/
kg/day).

Friedland and Klugman26 reported no difference in mortality
rates between bacteraemic children infected with susceptible
(n = 124) or resistant (n = 83) pneumococcal strains treated
with intravenous penicillin or ampicillin. In 1995, Friedland27

conducted a subsequent prospective non-interventional study
to compare the clinical response in bacteraemic children with
pneumonia, excluding meningitis, infected with susceptible or
intermediate-resistant pneumococcal strains treated with intra-
venous ampicillin or an equivalent beta-lactam agent. Ninety
three percent of children with penicillin-susceptible infections

Table 1 Number of children (%) in selected demographic and clinical characteristics with severe pneumonia
in each pneumococcal penicillin susceptibility group

Characteristic Pneumococcal penicillin susceptibility Total* 240 (100)

Susceptible

120 (50)

Intermediate

64 (27)

Resistant

56 (23)
Age (months)

3–11 31 (26) 31 (48) 22 (39) 84 (35)

12–23 43 (36) 21 (33) 24 (43) 88 (37)

24–35 21 (17) 10 (16) 7 (12) 38 (16)

36–47 14 (12) 2 (3) 1 (2) 17 (7)

48–59 11 (9) – 2 (4) 13 (5)

Sex (male) 64 (53) 36 (56) 33 (59) 133 (55)

Country of residence

Argentina 46 (38) 32 (50) 15 (27) 93 (39)

Brazil 56 (47) 20 (31) 8 (14) 84 (35)

Dominican Republic 18 (15) 12 (19) 33 (59) 63 (26)

Urban residence 108 (91) 59 (94) 49 (89) 216 (91)

Day-care centre attendance 14 (12) 5 ( 8) 6 (11) 25 (11)

Hospitalisation in the past 12 months 18 (16) 16 (25) 12 (21) 46 (20)

Report of previous antibiotic use 14 (12) 21 (33) 16 (30) 51 (22)

Fever on admission 89 (74) 47 (73) 35 (66) 171 (72)

Tachypnoea on admission 100 (85) 51 (80) 44 (82) 195 (83)

Dyspnoea on admission 89 (77) 49 (77) 49 (88) 187 (79)

Hypoxaemia on admission 67 (58) 35 (57) 35 (64) 137 (59)

Pleural effusion on admission 64 (53) 32 (50) 33 (59) 129 (54)

Hospitalisation .5 days (no., %) 95 (79) 53 (83) 39 (70) 187 (78)

Mean (SD) haemoglobin (g/dl) on admission 8.92 (¡1.78) 8.35 (¡1.62) 7.45 (¡1.55) 8.43 (¡1.78)

Mean (SD) WBC (6103/l) on admission 18.53 (¡9.53) 21.05 (¡9.09) 20.93 (¡11.03) 19.77 (¡9.83)

*Totals may not add up 240 owing to missing values.
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had improved by day 7 of therapy compared with 88% with
resistant infections (no association was found).

A recent South Korean study,28 enrolling children with
pneumococcal pneumonia treated with pencillin 150 000–
200 000 units/kg/day or cefotaxime 100 mg/kg/day, showed
that the initial clinical condition was predictive of clinical
response and mortality, and that there was no clear relationship
between the outcome and the penicillin resistance of the
infecting organism. In a study conducted in Uruguay and
Argentina,29 75 children with pneumonia were treated with
penicillin 150 000–200 000 units/kg/day or intravenous ampicillin
and there was no significant difference in mortality between 52
patients infected with penicillin-susceptible S pneumoniae and 23
patients infected with highly penicillin-resistant strains (penicillin
MIC>2 mg/ml) (RR = 1; 95%CI:0.8–1.1).

The overall high failure rate (21%) in this study can be partly
explained by the stringent clinical criteria used to define the
primary outcome. The association found between treatment
failure and pleural effusion on admission (table 3) may be
caused by the protracted response of children with pleural
effusion.18 Tan et al.11 showed, in a retrospective study, that
children with complicated pneumococcal pneumonia (mainly
because of pleural effusion) were not more likely to be infected
by antibiotic-resistant bacteria. Wexler et al.30 did not observe
any association between isolation of penicillin-resistant
S pneumoniae and complicated pneumonia defined as the
presence of pleural fluid on a chest radiograph, radiographic
evidence of atelectasis, pneumatocele, pneumothorax and/or
empyema (ie, purulent pleural fluid collection). Our results
corroborate their studies.

This study has potential limitations that must be clarified.
First, the heterogeneity of the study sites from different
countries. Second, a great number of observers monitored the
patients and collected the data. However, before and during the
implementation of the study, meetings among the site
investigators were promoted to agree the standardisation of
the procedures. We believe the bias that might have been
introduced was counteracted by the strict clinical criteria used
and the agreement of the site investigators on all treatment
failures.

The percentage (69%) of the strains that belonged to
serotypes included in the seven-valent vaccine (4, 9V, 6B, 14,
18C, 19F and 23F) and the great frequency of serotype 14 (52%)
are in agreement with data previously published from that
region.30 It is worth noting that an investigational vaccine
including serotype 1 would be very beneficial in improving the
protection afforded by the vaccine.

The contribution of this study was to present evidence that
high-level penicillin resistance was not associated with treat-
ment failure with penicillin. In areas where pneumococcal
strains present with MIC up to 2 mg/ml, penicillin remains the
drug of choice for the treatment of children with severe
pneumonia, when administrated at a dose of 200 000 units/
kg/day. This is in agreement with Bishai’s32 statement that in
vitro findings do not seem to be predictive of in vivo outcomes
in this range of MIC. The authors, thus, emphasize the
importance of continuous surveillance of pneumococcal infec-
tions and the need to implement preventive measures for
halting the increase of the frequency of pneumococal strains
with greater MIC.33

Table 2 Number of children (%) classified by treatment outcome and S pneumoniae in vitro susceptibility to
penicillin (CLSI/NCCLS interpretative standards)

Treatment outcome Susceptible Intermediate Resistant Total P

All children (n = 240) 0.75*

Success 94 (78) 49 (77) 46 (82) 189 (79)

Failure 26 (22) 15 (23) 10 (18) 51 (21)

Children without pleural effusion on admission (n = 111) 0.87*

Success 48 (86) 29 (91) 20 (87) 97 (87)

Failure 8 (14) 3 (9) 3 (13) 14 (13)

Children with pleural effusion on admission (n = 129) 0.37*

Success 46 (72) 20 (63) 26 (79) 92 (71)

Failure 18 (28) 12 (37) 7 (21) 37 (29)

*Fisher’s exact test.

Table 3 Prognostic factors for treatment failure among children admitted with severe pneumonia who had S
pneumoniae isolated and were treated with penicillin/ampicillin

Variables

Success Failure Unadjusted Adjusted

P*n = 187(79%) n = 49(21%) RR (95% CI) RR (95% CI)

Susceptibility 0.92

Susceptible 94 25 1 1

Intermediate 49 14 1.05 (0.57–1.76) 1.14 (0.58–1.97)

Resistant 44 10 0.88 (0.44–1.60) 1.03 (0.49–1.90)

Age (months) 1.01 (0.99–1.02) 1.00 (0.98–1.02) 0.84

Pleural effusion on
admission

90 35 2.21 (1.30–3.41) 2.31 (1.33–3.61) 0.003

Lethargy on admission 50 21 1.75 (1.06–2.63) 1.84 (1.10–2.79) 0.02

Previous antibiotic use 42 9 0.82 (0.41–1.49) 0.77 (0.35–1.46) 0.44

*Log likelihood ratio test.
RR, relative risk.
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c Argentina: Carlos Fernandez Pascua1, Carmen Martiarena2, Julio Pace3, Mabel

Regueira3, Marı́a José Rial4, Marı́a Rosa Agosti5, Norma Gonzalez4, Paulina
Tagliaferri6, Raquel Cosiglio7, Sandra Grenon6, Silvia Gonzalez Ayala5

c Brazil: Antônio Carlos A. Cardoso8, Claudia Marques9, Eduardo Just10, Fernando
Oliveira10, Geraldo Leocádio Filho9, Karla Danielle Bomfim10, Leda S. Freitas-
Souza11, Marcelo Otsuka12, Marinalva da Costa Coelho10, Mônica Tessinari Tura13,
Silvana Tadeu Casagrande14

c Dominican Republic: Hilma Coradı́n15, Jacqueline Sánchez15

1Hospital Materno-Infantil, Mar del Plata, 2Hospital de Niños Vilela, Rosario, 3Instituto
Nacional de Microbiologı́a Malbran, Buenos Aires, 4Hospital de Niños Elizalde, Buenos
Aires, 5Hospital de Niños Sor Marı́a Ludovica, La Plata, 6Hospital de Niños de Posadas,
Misiones, 7Hospital de Niños Alassia, Santa Fé; 8Instituto da Criança, São Paulo,
9Hospital São Luiz Gonzaga Jaçanã, São Paulo, 10Instituto Materno Infantil de
Pernambuco, Recife, 11Faculdade de Medicina da Bahia, Salvador, 12Hospital Darci
Vargas, São Paulo, 13Instituto de Puericultura e Pediatria Martagão Gesteira, Rio de
Janeiro, 14Instituto Adolfo Lutz, São Paulo; 15Hospital Infantil Dr. Robert Reid Cabral,
Santo Domingo.

What this study adds

Diminished susceptibility of Streptococcus pneumoniae to
penicillin was not associated with treatment failure with penicillin
in children with pneumonia. Penicillin, when administrated at a
dose of 200 000 units/kg/day, remains the drug of choice for the
treatment of children with severe pneumonia in areas where the
MIC does not exceed 2 mg/ml.

What is already known on this topic

The increase in penicillin-resistant pneumococcal strain frequency
has made the choice of empirical antibiotic therapy for pneumonia
difficult. Controversy still exists as to whether or not penicillin
resistance influences the outcome of pneumococcal pneumonia
infection.
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