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respiratorio inferior;
Estudo radiologico;
Testes sorolagicos

Introduction

Results: Children with radiologically confirmed pneumonia had higher rates of infection by S.
pneumoniae. The presence of pneumococcal infection increased the odds of having radiologi-
cally confirmed pneumonia by 2.8 times (95% Cl: 1.8-4.3). The negative predictive value of
the normal chest radiograph for infection by S. pneumoniae was 86.3% (95% Cl: 82.4-89.7%).
There was no difference on the rates of infection by H. influenzae and M. catarrhalis between
children with CAP with and without radiological confirmation.

Conclusions: Among children with clinical diagnosis of CAP submitted to chest radiograph, those
with radiologically confirmed pneumonia present a higher rate of infection by S. pneumoniae
when compared with those with a normal chest radiograph.

© 2017 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Pediatria. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).

Infeccdo por Streptococcus pneumoniae em criangas com ou sem pneumonia
radiologicamente confirmada

Resumo

Objetivos: O objetivo deste estudo foi avaliar o papel do raio-X de térax na identificacdo de
casos de pneumonia adquirida na comunidade (PAC) causada por agentes bacterianos.
Métodos: A frequéncia de infeccao por Streptococcus pneumoniae, Haemophilus influenzae e
Moraxella catarrhalis em criancas com PAC nao hospitalizadas foi comparada com a presenca
de confirmacao radioldgica da pneumonia (n=249 criancas com pneumonia radiologicamente
confirmada e 366 criancas com raio X de torax normal). Infeccao por S. pneumoniae foi diagnos-
ticada com base na resposta sorolédgica a pelo menos uma dentre oito proteinas pneumococicas
investigadas (aumento >2 vezes nos niveis de IgG em relacao a Ply, CbpA, PspA1 e 2, PhtD,
StkP-C e PcsB-N ou aumento>1,5 vezes em relacdo aPcpA). Infeccao por H. influenzae e M.
catarrhalis foi definida por aumento>2 vezes nos niveis de IgG especifica a antigenos de cada
agente.

Resultados: Criancas com pneumonia radiologicamente confirmada apresentaram maior taxa
de infecc@o pelo pneumococo. Além disso, a presenca de infeccao pneumococica foi um fator
preditor de pneumonia radiologicamente confirmada, aumentando sua chance de deteccao
em 2,8 vezes (IC 95%: 1,8-4,3). O valor preditivo negative do raio X normal para a infeccao
por S. pneumoniae foi 86,3% (IC95%: 82,4%-89,7%). Nao houve diferenca nas frequéncias de
infeccao por H. influenzae e M. catarrhalis entre criancas com PAC com ou sem confirmacao
radiologica.

Conclusoes: Criancas com diagnostico clinico de PAC submetidas a um raio X de térax que
apresentam confirmacao radioldgica tem maior taxa de infeccao por S. pneumoniae, comparado
as criancas com raio X normal.

© 2017 Publicado por Elsevier Editora Ltda. em nome de Sociedade Brasileira de Pediatria. Este
€ um artigo Open Access sob uma licenca CC BY-NC-ND (http://creativecommons.org/licenses/
by-nc-nd/4.0/).

reported among children with CAP with or without radiolog-
ical confirmation.®=® Altogether, these data suggest that the

Community acquired-pneumonia (CAP) is an important cause
of morbidity and mortality in childhood.' However, the eti-
ologic diagnosis of CAP is challenging. Chest radiographs
have been used as a diagnostic tool by the identification
of radiologic patterns suggestive of an inflammatory pro-
cess, such as pulmonary infiltrates. Nevertheless, the role
of chest radiograph in pediatric CAP remains controversial,
due to problems observed in the routine use of this exam,
such as poor inter-observer concordance? and the inability
to distinguish between distinct etiologic agents.># In turn, a
significant proportion of children with a clinical diagnosis of
CAP present normal chest radiograph upon admission,> and
important differences in admission and evolution have been

disease in children with or without radiologically confirmed
pneumonia might be caused by distinct mechanisms and/or
different etiologic agents.

In Brazil, Streptococcus pneumoniae, Haemophilus
influenzae, and Moraxella catarrhalis have been reported
as important bacterial agents of pediatric pneumonia in hos-
pitalized children.'® Herein, the presence of infection by S.
pneumoniae, H. influenzae, and M. catarrhalis was inves-
tigated in non-hospitalized Brazilian children aged 2-59
months with clinical diagnosis of pneumonia with or without
radiological confirmation. In doing so, the authors aimed to
evaluate the role of the chest radiograph to identify proba-
ble cases of CAP caused by typical bacteria.
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Methods

Study design and participants

This prospective cohort study was part of a clinical trial
that evaluated the use of oral amoxicillin given thrice
or twice daily to 2-59 months-old children diagnosed
with CAP (PNEUMOPAC-Efficacy trial, ClinicalTrials.gov
NCT01200706)."" In that trial, 820 children were enrolled in
the Emergency Department of the Universidade Federal da
Bahia, in Salvador, Northeast Brazil, from November 2006
to May 2011. All children had a chest radiograph (frontal
and lateral views) taken on admission, and blood samples
were collected both at admission and at the follow-up visit,
two to four weeks later. Inclusion criteria comprised the
report of respiratory complaints and detection of lower
respiratory findings, along with the presence of pulmonary
infiltrate/consolidation on the chest radiograph according
to the interpretation of the pediatrician on duty. Legal
guardians of the included patients signed an informed con-
sent upon enrollment.

All chest radiographs were independently read by two
pediatric radiologists (CAA-N and SCA), who were blinded to
the clinical data. An overall agreement of 78.7% by these
two pediatric radiologists was previously demonstrated.® If
there was no concordance on the final diagnosis of any exam,
this chest radiograph was then evaluated by a third radiolo-
gist (RVB). The radiologic findings were registered according
to the standardized interpretation for epidemiological stud-
ies previously published by the World Health Organization.'?
Radiologically confirmed pneumonia was defined as the
presence of pulmonary infiltrate or consolidation in two
independent assessments.

The use of pneumococcal conjugate vaccine-10 (PCV10)
was universally implemented in Salvador, Brazil, in July
2010, for children aged <2 years." Every child included
in the PNEUMOPAC-efficacy trial who could have received
PCV10 had the vaccine card checked personally by one of
the researchers (ICB) after the trial was completed. Patients
who received any dose of PCV10 and those whose vac-
cine status could not be identified were excluded from this
analysis. Patients with severe malnutrition, defined as Z-
score for weight-for-age under —3.00,' were also excluded.
Nutritional evaluation was performed using the Anthro soft-
ware. Children with lower-chest in-drawing or danger signs
(inability to drink, convulsions, central cyanosis, grunting
in a calm child) were excluded from the PNEUMOPAC-
efficacy trial, as well as those with underlying chronic
diseases.

This study was approved by the Ethics Committee of the
Universidade Federal da Bahia and was conducted in accor-
dance with the principles of the Declaration of Helsinki.

Laboratory procedures

Fluorescent multiplexed bead-based immunoassay was used
to quantify the levels of antibodies against protein anti-
gens from S. pneumoniae, H. influenzae and M. catarrhalis
using Luminex XMAP® technology (Luminex Corporation, TX,
USA)."> This assay included eight recombinant proteins from
S. pneumoniae (pneumolysin [Ply], choline binding protein

A [CbpA], pneumococcal surface protein A families 1 and 2
[PspA1 and PspA2], pneumococcal choline binding protein
A [PcpA], pneumococcal histidine triad protein D [PhtD],
serine/threonine protein kinase [StkP-C, SP1732-3], and pro-
tein required for cell wall separation of group B streptococ-
cus [PcsB-N, SP2216-1]), three recombinant proteins from
H. influenzae (NTHi Protein D, NTHi0371-1, and NTHi0830),
and five recombinant proteins from M. catarrhalis (MC
Omp CD, MC_RH4.2506, MC_RH4_1701, MC_RH4_3729-1, and
MC_RH4_4730). Nine bead sets were created using the afore-
mentioned proteins in the following combination: Ply, CbpA,
PcpA, PhtD, StkP-C, and PcsB-N were conjugated in one
bead region each; PspA1 and PspA2 were conjugated in
the same bead region; and all H. influenzae and all M.
catarrhalis proteins were conjugated in one bead region per
bacterium.

This assay provided the mean fluorescence intensity (MFI)
values for each antigen and serum evaluated. The MFI value
represents an indirect measure of the IgG concentration
against the studied antigens. True duplicates were used
throughout the procedure and their fluorescence readings
were averaged. To ensure the repeatability of the assays,
high and low controls were analyzed on each plate. Fur-
thermore, acute and convalescent samples were always
analyzed on the same plate. All samples were tested
using 1:400 and 1:1600 dilutions and, if necessary, further
dilutions were performed. The occurrence of a serolog-
ical response against S. pneumoniae was defined as an
increase in the antibody levels >2-fold for IgG against
Ply, CbpA, PspA1 and PspA2, PhtD, StkP-C, and PcsB-N,
or an increase >1.5-fold for 1gG against PcpA, based on
the validation of a sensitive and specific serological test
for the diagnosis of invasive pneumococcal disease.'® The
diagnosis of infection by S. pneumoniae was established
by the detection of serological response against any of
the evaluated antigens, based on the specificity of the
assay and good correlation with ELISA." The sensitivity and
specificity for a serological response against each antigen
were previously published.'® The occurrence of infection
by H. Influenzae or M. catarrhalis was defined as an
increase in antibody levels >2-fold between acute and
convalescent samples.’™ " All serological tests were per-
formed by DCA and ICB at the National Institute for Health
and Welfare, in Helsinki, Finland. The frequency of these
infections analyzed by age distribution, interval of sam-
ple collection, and duration of disease has been published
elsewhere."”

Statistical analysis

Categorical variables were compared using the chi-squared
or Fisher’s exact tests as appropriate, and continuous varia-
bles were evaluated using Mann-Whitney’s U test, as they
presented non-parametric distribution. The negative predic-
tive value of the normal chest radiograph for the diagnosis
of infection by S. pneumoniae was calculated. Multivari-
ate logistic regression was performed using the presence of
radiologically confirmed pneumonia as the dependent vari-
able and infection by S. pneumoniae as the independent
variable. This model was adjusted by age and infection by
H. influenzae or M. catarrhalis. All statistical tests were
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two-tailed, with a significance level of 0.05. The software
Stata/SE 12.0 (StataCorp. 2011. Stata Statistical Software:
Release 12. College Station, TX, USA) was used to cal-
culate the negative predictive value of the normal chest
radiograph, and the software SPSS (SPSS Inc., version 9.0.
Chicago, USA) was used for the remaining analyzes.

Results

Out of 820 patients included in the PNEUMOPAC-efficacy
trial, 615 were included in this study, of whom 249 (40.5%)
had radiologically confirmed pneumonia and 366 (59.5%)
had normal chest radiograph. Fig. 1 shows the flowchart
of the included and excluded cases in this investiga-
tion. Overall, 311 (50.6%) were males and the median
age was 27.2 months (25th-75th percentile: 14.9-41.4
months). Consolidation was detected by radiologists 1, 2,
and 3 in 84.6%, 79.8%, and 67.3% of the cases with con-
cordant radiologically confirmed pneumonia, respectively.
The remaining cases of radiologically confirmed pneumo-
nia were diagnosed based on the detection of pulmonary
infiltrates.

The comparison of the levels of antibodies on admission
(first serum sample) against the studied antigens using a
1:1600 dilution factor is shown in Table 1. Children with
radiologically confirmed pneumonia had significantly higher
levels of antibodies against several protein antigens from
S. pneumoniae and H. influenzae, and lower levels of
antibodies against M. catarrhalis proteins. Similar results
were obtained when using a 1:400 dilution factor (data not
shown). Children with radiologically confirmed pneumonia
also presented a higher frequency of infection by S. pneu-
moniae. Antibody responses against S. pneumoniae proteins
were detected in 28.5% of the children with radiologically
confirmed pneumonia and in 13.7% of children with a nor-
mal chest radiograph (p <0.001). Antibody responses against
PcpA, PhtD, and PcsB were most frequently detected in chil-
dren with radiologically confirmed pneumonia. These results
are shown in Table 2. When the levels of antibodies against
the studied antigens on the second serum sample were com-
pared using a 1:1600 dilution factor, higher levels of IgG
against all proteins from S. pneumoniae and H. influen-
zae were observed, as well as lower levels of antibodies
against M. catarrhalis, as shown in Table 3. Similar results
were obtained when using a 1:400 dilution factor (data not
shown).

A multivariate logistic regression was performed to assess
the effect of infection by S. pneumoniae on the presence of
radiologically confirmed pneumonia, adjusting this model
by infection by H. influenzae or M. catarrhalis and age.
The presence of infection by S. pneumoniae increased the
odds of radiologically confirmed pneumonia by 2.8 (95% Cl:
1.8-4.3). The presence of infection by either H. influen-
zae or M. catarrhalis or the age of the child did not affect
the odds for detection of radiologically confirmed pneu-
monia (odds radio [95% CI]: 1.42 [0.7-2.9]; 0.4 [0.1-1.6];
and 0.9 [0.9-1], respectively). Furthermore, the negative
predictive value of the normal chest radiograph for the diag-
nosis of infection by the pneumococcus was 86.3% (95% Cl:
82.4-89.7%).

Discussion

This study demonstrated that children with radiologically
confirmed pneumonia have a higher frequency of infection
by S. pneumoniae than those with a normal chest radio-
graph. The presence of infection by pneumococcus was
independently associated to radiologically confirmed pneu-
monia among non-hospitalized children with clinical CAP.
Furthermore, the presence of a normal chest radiograph
had a high negative predictive value for the detection of
antibody responses against S. pneumoniae.

A higher frequency of antibody response against sev-
eral antigens from S. pneumoniae was observed in the
group of children with radiologically confirmed pneumonia
when compared with those with a normal chest radiograph.
This finding corroborates the results from previous studies,
which demonstrated that the presence of alveolar infil-
trates on chest radiographs was associated with bacterial
pneumonia.'® For instance, Nascimento-Carvalho et al. also
reported that infection by S. pneumoniae was more fre-
quently detected among hospitalized children with CAP who
presented radiographic pneumonia rather than those with a
normal chest radiograph.’ In turn, children with a normal
chest radiograph had a higher incidence of viral infection."
This is the first report of the association between pneumo-
coccal infection and radiologically confirmed pneumoniae
among non-hospitalized children with clinical CAP.

Accordingly, the negative predictive value of the normal
chest radiograph for the detection of pneumococcal infec-
tion was high (86.3% [95% Cl: 82.4-89.7%]). Although an
association between bacterial infection and alveolar infil-
trates/consolidation has been previously described,® these
findings cannot reliably establish the etiologic diagnosis of
CAP.*> Therefore, the present finding that the normal chest
radiograph has a high negative predictive value for pneumo-
coccal infection may aid in the interpretation of this exam.
The high negative predictive value observed for the normal
chest radiograph in a population with high prevalence of
pneumococcal infection is noteworthy, '° thereby reinforcing
the present results. Altogether, the present data indicate
that children with non-severe CAP with radiologically con-
firmed pneumonia have a higher chance of infection by S.
pneumoniae, whereas children with a normal chest radio-
graph are not likely to present infection by this agent and
might not benefit from empiric antibiotic therapy.

Data from vaccine trials reinforce the relationship
between pneumococcal infection and radiologically con-
firmed pneumonia, as a differential effect of pneumococcal
vaccination was found on the rates of pediatric CAP
depending on the applied diagnostic criteria. For instance,
the efficacy of the PCV10 was significantly higher for
children with consolidation on the chest radiograph than
for children either with alveolar infiltrates or solely with a
clinical diagnosis of CAP.2° Therefore, the greater impact of
pneumococcal vaccination on children with consolidation on
chest radiographs suggests that patients with this radiolog-
ical diagnosis present a higher incidence of pneumococcal
infection. These findings are consistent with those reported
by Lucero et al., who demonstrated a good vaccine efficacy
of PCV11 on children with radiographic pneumonia defined
as consolidation and a practicably negligible vaccine
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820 patients included in
the PNEUMOPAC-
Efficacy trial
@1 patients without paired serum \

samples (9.9%)

- 45 patients who received PCV10 (5.5%)

- 25 patients without concordance on the

evaluation of the chest radiograph (3%)

- Four patients whose chest radiographs

were considered unreadable (0.5%)

- Three patients whose vaccine card was

not checked (0.4%)

KOne severely malnourished patient /
[ 661 patients included (80.6%) ]
46 patients with other
radiological diagnosis
(6.9%)
[ 615 patients included (93.1%) ]
366 patients with 249 patients with
normal chest radiologically confirmed
radiograph (59.5%) pneumonia (40.5%)
Figure 1 Flow-chart showing inclusion/exclusion criteria for children included in this study.
Table 1 Comparison of the median fluorescence intensity (MFI) values from the first serum sample from children with radiolo-
gically confirmed pneumonia or those with a normal chest radiograph, using a 1:1600 dilution factor.
Radiologically confirmed pneumonia® Normal chest radiograph?® p°
n=249 n=366

Ply 152 (69-277.5) 119.5 (60.8-231) 0.023
CbpA 5623 (1422.5-9903.5) 3316 (650-9540.8) 0.010
PspA 318 (119.5-933.5) 278.5 (88.8-809.8) 0.113
PcpA 1077 (303-1941.5) 713.5 (152.8-1643) 0.004
PhtD 2244 (547-4471.5) 1447 (404.5-3353) 0.015
StkB 299 (98-865.5) 274 (82-663) 0.116
PcsB 2215 (478.5-5546) 1682 (349.75-4064) 0.016
H. influenzae 152 (90-273.5) 128 (87-219.3) 0.047
M. catarrhalis 104 (69-153.5) 114 (81-182) 0.002

@ Results area presented as median (interquartile range).
b Data evaluated by Mann-Whitney’s U test.

efficacy for children with a clinical diagnosis of
pneumonia.?’ These vaccine trials provide indirect evi-
dence regarding the etiology of pneumonia in children with
distinct radiological patterns, indicating that children with
radiologically confirmed pneumonia indeed present a higher
frequency of infection by S. pneumoniae.

The role of the chest radiograph in the management
of children with CAP, however, has been largely debated.

Importantly, Bradley et al. recommend that the chest radio-
graph should only be used in children who are hospitalized or
with hypoxemia, significant respiratory distress, suspected
complications, or therapy failure.?? This position is corrob-
orated by Harris et al., who stated that children with signs
and symptoms suggesting pneumonia who are not admitted
to hospital should not routinely have a chest radiograph.?
These recommendations are partly due to previous studies
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Table 2 Comparison of the frequencies of antibody response against protein antigens for children with a clinical diagnosis of
CAP and either radiologically confirmed pneumonia or a normal chest radiograph.

Radiologically confirmed pneumonia Normal chest radiograph p°

n=249 n=366
Ply 14 (5.6%) 9 (2.5%) 0.042
CbpA 19 (7.6%) 15 (4.1%) 0.060
PspA 13 (5.2%) 14 (3.8%) 0.407
PcpA 54 (21.7%) 32 (8.7%) <0.001
PhtD 24 (9.6%) 7 (1.9%) <0.001
StkB 21 (8.4%) 9 (2.5%) 0.001
PcsB 36 (14.5%) 7 (1.9%) <0.001
S. pneumoniae? 71 (28.5%) 50 (13.7%) <0.001
H. influenzae 18 (7.2%) 19 (5.2%) 0.297
M. catarrhalis 4 (1.6%) 9 (2.5%) 0.471

@ Antibody response against at least one pneumococcal protein.

b Data evaluated using chi-square for Fisher’s exact test as appropriate.

Table 3 Comparison of the median fluorescence intensity (MFI) values from the second serum sample from children with
radiologically confirmed pneumonia or those with a normal chest radiograph, using a 1:1600 dilution factor.

Radiologically confirmed pneumonia® Normal chest radiograph® p°

n=249 n=366
Ply 147 (70-257.5) 118 (58.8-226.8) 0.009
CbpA 6226 (1514.5-10656) 3288.5 (616.8-8978.3) 0.001
PspA 309 (112-909.5) 243 (93.8-670.5) 0.049
PcpA 1149 (418-2240.5) 720.5 (150.3-1654) <0.001
PhtD 2241 (645-5094.5) 1486.5 (401.3-3278) 0.001
StkB 333 (105.5-856) 253.5 (83.8-679.3) 0.034
PcsB 2875 (682.5-6051.5) 1632 (318.8-4304.5) <0.001
H. influenzae 160 (94-306) 139 (92.8-221) 0.028
M. catarrhalis 95 (69-136.5) 109.5 (79-166.5) 0.001

@ Results area presented as median (interquartile range).
b Data evaluated by Mann-Whitney U’s test.

that have shown that bacterial pneumonia cannot be differ-
entiated from non-bacterial pneumonia based solely on the
findings of an abnormal chest radiograph.**?* Furthermore,
the current evidence suggests that the use of a chest radio-
graph does not improve the outcome of pediatric patients
with CAP.Z> Nonetheless, it is important to emphasize that
when the impact of the chest radiograph on the management
of children with CAP was evaluated, the patients received
antibiotics at the discretion of the attending physician,
regardless of the radiologic findings, thereby limiting the
potential benefit of a radiological study in these patients as a
diagnostic tool with therapeutic implications.? Accordingly,
Harris et al. recommend the use of antibiotics for all chil-
dren with a clear diagnosis of CAP.2* Both guidelines agree,
however, that young children do not require routine use of
antibiotics, as most present viral acute lower respiratory
infection.?>?* In this scenario, although the chest radio-
graph does not unequivocally distinguish etiologic agents of
CAP, it may help differentiating distinct patterns of lower
respiratory infections. Recent evidence has demonstrated
important differences between children with or without
radiologically confirmed pneumonia in the clinical presen-
tation and evolution. Children with radiologically confirmed
pneumonia have a higher frequency and longer persistence

of fever,°8 and also evolve more severely, with longer hos-
pitalization, higher need of respiratory support, and higher
rates of treatment failure.’ These differences indicate that
children with and without radiologically confirmed pneumo-
nia may have different patterns of lower respiratory tract
infection, and the chest radiograph, when performed, may
aid the management of doubtful cases of non-severe CAP.
It was also observed that children with radiologically con-
firmed pneumonia had higher levels of antibodies against
several pneumococcal proteins both at admission and in
convalescence. Lower levels of anti-pneumococcal anti-
bodies on admission have been associated with a higher
frequency of antibody responses against S. pneumoniae
due to particularities of the serological methods.'” There-
fore, the level of antibodies at admission probably was not
responsible for the higher rate of antibody responses against
the pneumococcus in children with radiological pneumonia.
The higher level of antibodies at admission in this group
of children, in turn, might have been caused by previous
colonization by S. pneumoniae. Nasopharyngeal coloniza-
tion has been recognized as part of the natural history
of pneumococcal disease, which ensues if immunological
barriers are crossed by the colonizing bacteria.?® Also, chil-
dren with clinical and radiological pneumonia are also more
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frequently colonized with S. pneumoniae when compared
with healthy controls.”” Therefore, it is possible that a
higher rate of carriage of S. pneumoniae in children with
radiologically confirmed pneumonia elicited the higher lev-
els of anti-pneumococcal antibodies found in this subgroup.

No difference was observed on the rates of antibody
response against H. influenzae and M. catarrhalis in this
study, possibly due to the low numbers of responders within
the study group. However, discretely higher levels of anti-
bodies against H. influenzae were found in children with
radiologically confirmed pneumonia, as well as lower levels
of antibodies against M. catarrhalis. 1t is known that several
bacterial agents compete to colonize the nasopharyngeal
tract of pediatric patients, creating a dynamic process of
turnover of colonizing agents.?’ Increased rates of coloniza-
tion by S. pneumoniae might also have contributed to lower
the levels of antibodies against M. catarrhalis on the samples
collected from children with radiologically confirmed pneu-
monia at admission. In turn, a positive correlation between
colonization by S. pneumoniae and H. influenzae has already
been described, which may have contributed to the high lev-
els of antibodies at admission found against H. influenzae.”

The limitations of the present study must be emphasized.
Firstly, data on the colonization status of the evaluated
children were not available, and the putative effect of pneu-
mococcal carriage on the antibody levels at admission was
not evaluated. Secondly, the study was composed of unvac-
cinated children, which does not represent the reality in
most countries in the post-PCV era. Nevertheless, recent
evidence suggests that the use of PCV does not interfere with
the result of protein-based serological assays in children
with CAP,? which favors the generalization of the present
results. Also, data on the use of other vaccines that could
have influenced the results presented herein, such as the
H. influenzae type b vaccine, was not available. However,
the coverage of the H. influenzae type b vaccine among
the pediatric population in Brazil is high (>80%), so differen-
tial rates of vaccination probably did not affect the present
results.* Finally, as all antigens from H. influenzae and M.
catarrhalis were conjugated in one bead region per bac-
terium, individual fluorescence readings were not obtained
for these antigens.

In conclusion, this study demonstrated that, among
non-hospitalized children with clinical CAP who were sub-
mitted to a chest radiograph, those with radiologically
confirmed pneumonia had a higher frequency of infection
by S. pneumoniae compared to children with a normal chest
radiograph. Furthermore, the presence of pneumococcal
infection was independently associated with radiologically
confirmed pneumonia; normal chest radiograph has a high
negative predictive value for pneumococcal infection.
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