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ABSTRACT

The aim of the present work was to evaluate the usefulness of a simplified method for DNA extraction coupled to a
nested-PCR protocol, based on the amplification of pneumolysin gene fragments for the diagnosis of pneumococcal
pneumonia in pediatric patients with clinical and radiological evidence of bacterial infection. Bacterial DNA was
extracted from sera by boiling and used without further purification in the PCR for the pneumolysin gene. None toxic
reagents were used and the necessary steps to obtain the DNA were left at a minimum; furthermore, it overcomes the
use of expensive commercial kits for DNA purification. The total procedure can be completed the same day of
sampling and, most important, it avoids the use of sophisticated technology. Both in vitro analytical specificity and
sensitivity (10 CFU/ml) of the assay were similar to those previously reported. When clinical samples were tested, the
rate of positivity was shown to be 83.3% and 71% in pediatric patients with positive (group a) and negative blood
cultures (group b), respectively. In group a, DNA detection was successful in samples from children without treatment
or with less than 48 h of antibiotic therapy. None amplification was obtained from sera patients with viral infection or
in samples from healthy controls. The application of the strategy described in this paper substantially seems to
improve the diagnostic process in a determinate group: blood culture-negative children with pneumonia.
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 RESUMEN

Evaluación de una PCR anidada en pacientes pediátricos para diagnóstico de neumonía neumocócica ad-
quirida en la comunidad. El objetivo del presente trabajo fue evaluar la utilidad de un método simplificado para
extracción de ADN, acoplado a un protocolo de PCR anidada, basada en la amplificación de fragmentos del gen de
la neumolisina para el diagnóstico de neumonía neumocócica en niños con evidencias clínicas y radiológicas de
infección bacteriana. El ADN bacteriano fue extraído del suero por calentamiento y utilizado en la PCR para el gen de
la neumolisina sin purificación posterior. Para la obtención de ADN no se utilizan reactivos tóxicos ni costosos “kits”
comerciales. El procedimiento completo puede ser realizado en el día y lo que es más importante, evita el uso de
tecnología sofisticada. La especificidad analítica in vitro y la sensibilidad (10 UFC/ml) del ensayo fueron similares a
lo hallado en publicaciones anteriores. El porcentaje de muestras positivas fue del 83,3% y del 71% en los pacientes
con hemocultivos positivos (grupo a) y negativos (grupo b), respectivamente. En el grupo a, sólo se obtuvieron
resultados positivos mediante la PCR anidada en los pacientes no tratados o con menos de 48 hs de tratamiento
antibiótico. No se obtuvieron señales de amplificación en los sueros de los pacientes con infecciones virales ni en las
muestras del grupo control. La aplicación de la estrategia descripta incrementa la posibilidad diagnóstica de neumo-
nía neumocócica en niños con hemocultivos negativos.
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INTRODUCTION

Streptococcus pneumoniae is the most important
etiological agent of pneumonia worldwide (1, 10, 16). It is
accepted that a definitive diagnosis requires the isolation of
S. pneumoniae from blood or pleural fluid. However, in chil-
dren with pneumonia, blood culture yields a sensitivity lower
than 10 per cent due to the most of them presents no bacter-
aemia (9, 16) or due to a previous antibiotic therapy. Moreo-
ver, blood culture presents an additional drawback: they
may take several days in order to give a positive result.

Tests such as immunological methods have been used
to the diagnosis of this infectious disease in urine or se-
rum samples, but they present both lower sensitivity and
specificity (2, 3, 8, 11, 14, 16, 22).

Molecular methods such as Polymerase Chain Reac-
tion (PCR) are used with increased frequency for the di-
agnosis of several infectious disease, including pneumo-
coccal pneumonia, due to their high sensitivity, specificity
and speed (4, 5, 7, 13, 20, 26). PCR has been used in
selected groups of patients to detect S. pneumoniae in
middle ear fluid from patients with acute otitis media (12,
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25), in cerebrospinal fluid from patients with meningitis
(6), and in serum or blood from patients with bacterae-
mia (8). In order to increase the sensitivity and specificity
of the assays, several authors have applied other ap-
proaches such as nested-PCR in patients with bacteremic
pneumococcal pneumonia with different results (21, 23,
24).

The aim of the present work was to evaluate the use-
fulness of a simplified method for DNA extraction cou-
pled to a nested-PCR protocol based on the amplifica-
tion of pneumolysin gene fragments for the diagnosis of
pneumococcal pneumonia in pediatric patients with clini-
cal and radiological evidence of bacterial infection.

MATERIAL AND METHODS

Subjects
Pediatrics patients (N= 105, age: 3 month to 5 years) admitted

to the Hospital de Niños “Dr. Orlando Alassia” (Santa FE, Argen-
tina) were included in this study. They were classified in the
following groups:
a. Children with definitive diagnosis of pneumococcal pneumonia

confirmed by blood-culture (N= 24).
b. Children with clinical and radiological evidence of bacterial

pneumonia. The initial chest radiograph showed segmental,
lobar or multilobar consolidation in all cases. All patients had
negative blood-cultures (N= 75).

c. Children with respiratory disease of viral etiology (positive
ELISA tests) (N=10).

d. Children without evidence of infection or active respiratory
disease (N=20). They were admitted by different non
infectious diseases at the same time as the patients
with pneumonia, and they were matched for age (Control
group).

Clinical samples
Serum samples were obtained from group (a) patients over

the course of the illness when Streptococcus pneumoniae was
isolated from blood culture: twenty patients were under antibiotic
treatment for 24 to 48 h  before sample collection. The remaining
4 patients were under antibiotic treatment during 72-120 h. Sera
from patients in groups (b) and (c) were collected at the same
time of the first sample for blood culture (without previous
antibiotic therapy). Sera from control patients in group (d) were
obtained at the time of admission at the hospital. All the serum
samples were stored at –20 °C before DNA extraction.

DNA extraction from bacteria
Five to ten colonies were suspended in 100 µl of 0.1M  HCl –

Tris buffer pH 8.0 and incubated at 100 °C during 14 min. Then,
a centrifugation at 10000 g for 1 min was carried out. The
supernatant was collected and stored a 4°C until PCR assay.

DNA extraction from clinical samples
Serum (100 µl) was diluted with an equal volume of 0.1 M

HCl-Tris buffer pH 8.0. The mixture was incubated at 100 °C for
14 min, centrifuged at 10000g during 5 min and the supernatant
was stored at 4 °C until PCR assay. All serum samples were
processed diluted 1:1 and 1:10 in 0.1M HCl-Tris buffer pH 8.0.

Polymerase chain reaction
Nested- PCR was performed using primers described by Salo

et al (23) ; first-round (outer) PCR primers Ia (5-ATTTCTGTA-
ACAGCTACCAACGA-3) and Ib (5-GAATTCCCTGTCTTTT-
CAAGTC-3) amplify a 348-bp region. The second-round (inner)
PCR primers IIa (5-CCCACTTCTTCTTGCGGTTGA-3) and IIb

(5-TGAGCCGTTATTTTTTCATACTG-3) amplify a 208-bp region
of the pneumolysin gene. In the first round PCR, 2,5 µl of DNA
were added to the PCR mixture to give a final volume of 25 µl.
Reaction mixture contained 1X Green Go-Taq PCR buffer
(Promega Corp.), 20 pmol of each primer, 100 µM of dNTPs,
2.5 mM MgCl2 and 1U of Taq DNA polymerase (Promega Corp.).
Nested PCR was carried out using the same PCR mixture
conditions with primers IIa and IIb, with 1µl of the first PCR
transferred to a new tube containing 24 µl of PCR mixture.

Cycling parameters. DNA amplification (first and nested-PCR)
was performed on a programmable thermal cycler (Progene,
Techne, Cambridge, UK) with the following parameters: 94 °C for
10 min followed by 30 cycles of 94 °C for 30 sec, 55 °C for 30 sec,
and 72 °C for 30 sec, with a last cycle at 72 °C for 7 min.

Analysis of PCR products. Ten microliters of PCR products
were analyzed using electrophoresis on 2% agarose/1X TAE
buffer gels in the presence of 0.5 µg/ml ethidium bromide at 5-
10 V/cm during 35 min. Then, agarose gels were observed under
UV illumination and photographed using orange filter.

Controls
Three different controls were included in PCR reactions. DNA

extracted from S. pneumoniae ATCC 49619 was used as positive
control. Serum samples from healthy adult volunteers were used
as negative controls. Distilled water instead of DNA was used in
the reagents controls.

Precautions to avoid DNA contamination
Multiple precautions were undertaken to ensure that no

amplicon contamination of molecular reagents occurred. These
precautions included: physical separation of the post-
amplification manipulation procedures from the DNA extraction
and master mix preparation, the use of barrier-filtered pipette
tips, and extensive surface cleaning using hypochlorite and UV
irradiation, in according to the Recommendations for Molecular
Biology techniques (19).

Sensitivity and Specificity of the assay
In order to evaluate analytical sensitivity of the assays, serum

samples from healthy donors with no recent history of
pneumococcal disease were spiked with different amounts of a
S. pneumoniae suspension to obtain final concentration of 10 to
106 CFU/ml, verified by plate counting on 5% sheep blood agar
medium. To determine the specificity of the assays, DNA
extracted from a variety of non-pneumococcal bacteria (S.
viridans, S. pyogenes, H. influenzae type b and K. pneumoniae)
was used. Bacterial DNA extraction was carried out as above. In
these experiments, an additional primer pair, which has broad
specificity for the conserved eubacteria 16S rRNA sequences
was used as amplification control (6). This primer pair amplifies
a 370-bp fragment.

RESULTS

Specificity of the assay
Figure 1 shows the results of specificity of PCR using

DNA from S. pneumoniae and several non-pneumococcal
bacteria. S. pneumoniae ATCC 49619 give the expected
bands of 348 bp in the first round PCR. Conversely, no
amplification products were obtained from the different non
pneumococcal bacteria analysed. Furthermore, when 16S
rRNA PCR primers were used, a proper fragment of 370 bp
was amplified in all samples tested demonstrating the pres-
ence of DNA suitable to amplification. The expected band
of 208 bp was obtained in the nested-PCR assay when
S. pneumoniae ATCC was employed (data not shown).
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Sensitivity of the assay
To determine the lowest limit of detection in these ex-

periments, 10- fold serial dilutions of S. pneumoniae sus-
pension in serum of healthy volunteers were tested by
the protocol herein proposed. In PCR assay, 104 CFU/ml
give a detectable band in agarose gel electrophoresis.
When nested–PCR was used to analyze the same dilu-
tions, specific amplified products were obtained starting
with 10 CFU/ml, which represents a 103- fold increase in
the analytical sensitivity (Figure 2).

Detection of S. pneumoniae DNA in clinical
specimens

All serum samples were processed diluted 1:1 and 1:10
in 0.1M HCl-Tris buffer pH 8.0. Ten serum samples of

Figure 1. Specificity of S. pneumoniae in the first round PCR assay. Lane 1:
Molecular Weight Marker (100 bp Marker, Biodynamics, Argentina), Lane 2: S.
pneumoniae ATCC 49619 DNA, Lane 3: reactive control, Lanes 4 and 5: S.
viridans DNA, Lanes 6 and 7: S. pyogenes DNA, Lanes 8 and 9: H influenzae
DNA. Lanes 2-4, 6 and 8: PCR with primers Ia + Ib. Lanes 5, 7 and 9: PCR with
primers for 16S rRNA gene.

Figure 2. Sensitivity of the PCR and Nested PCR assay. Serum samples from
healthy donors were spiked with S. pneumoniae ATCC 49619 to obtain 10,
102,103,104,105, 106 CFU/ml (Lanes 1-6) and 103, 104, 105 y 106 CFU/ml (Lanes
7, 8, 12 and 14) in the nested-PCR and PCR assay, respectively. Lanes 9,11 y
13: water instead of DNA as reactive control. Lane 10: Molecular weight marker
(100 bp Marker, Biodynamics, Argentina).

group (a) were positive when first round PCR was ap-
plied. On the other hand, no amplification was obtained
when we tested the samples from group (b). When the
same samples were tested in the second round PCR
(nested-PCR), 20/24 (83,3%) and 53/75 (71%) samples
were positive in groups (a) and (b), respectively. None of
the samples from the groups (c) and (d) were found to be
positive by nested PCR. In some samples from group
(b), the results were different if the sera were processed
undiluted or diluted 1:10. Sixteen samples were positive
undiluted, 15 were only amplificable after dilution, and 22
showed amplification undiluted or diluted 1:10 (Table 1).
Five patients in group (b) had a previous antibiotic treat-
ment. Two of them were under treatment at least 48 h
before sampling and were nested-PCR negative. Remain-
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ing 3 patients (<48 h of antibiotic therapy) presented posi-
tive results.

DISCUSSION

In the present study, we evaluated a simplified diag-
nostic strategy for S. pneumoniae detection by DNA am-
plification in clinical samples from a pediatric patient popu-
lation. It included a fast and safe method to extract DNA
by boiling during 14 min. Unlike to other authors, none
toxic reagents such as phenol or chloroform are used
and the necessary steps to obtain the DNA are left at a
minimum; furthermore, it overcomes the use of expen-
sive commercial kits for DNA purification (4, 7, 13, 18,
24, 25, 26). In spite of its simplicity, when this method for
DNA extraction is coupled to a nested PCR protocol based
in that described by Salo et al. (22) with minor modifica-
tions, we achieve both analytical sensitivity and specificity
similar to those reported in previous papers (21, 23). No
amplification was observed in the presence of other re-
lated and non-related microorganism. Only ten CFU/ml
were sufficient to give a detectable signal in agarose gel
electrophoresis. After nested-PCR assay no consuming-
time hybridization steps were used, as it is proposed in
other papers (7, 25).  When the clinical performance of
the test was evaluated, we found a high rate of positive
results (71%) in serum samples from pediatric patients
whose first blood cultures were negative. Due to the
favorable and rapid clinical evolution of patients in this
group after empiric antibiotic treatment, a bacterial etiology
of pneumonia could be assumed. None sample from pa-
tients of control groups included in the different assays
gave positive results. As it has been pointed out by other
authors, results in DNA amplification assays can be af-
fected by the presence of PCR inhibitors (17, 24). Taking
this into account, when a negative result was obtained
using undiluted sample, the same was re-assayed start-
ing from a 1:10 dilution. Using this approach, we have
detected S. pneumoniae DNA in 15 samples after proper
dilution. However, 22 samples from group (a) patients
were negative by nested-PCR assay using undiluted or
diluted samples. Several hypothesis could explain these
results: i. incomplete removal of inhibitors by dilution, ii.
antibiotic treatment before admission, iii. quick phagocy-

tosis of bacteria by macrophages. Despite efforts to ob-
tain samples prior to antibiotic administration in the hos-
pital, several children (N=5, 6% in group (a) had received
antibiotics before admission, samples of two of these
patients gave negative result in the nested PCR (undi-
luted and diluted samples). In these patients the antibi-
otic treatment had been started at least 48 h before sam-
pling. Similar results had been reported in previous stud-
ies (17). Total procedure can be completed the same day
of sampling and the most important feature is that it avoids
the use of sophisticated technology such as Real-Time
PCR (15) and/or expensive DNA purification “kits”. Fi-
nally, we believe that application of the strategy described
in this study substantially improves the diagnostic proc-
ess in blood culture-negative children with pneumonia,
mostly in clinical laboratories from developing countries.
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