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The quantitative polymerase chain reaction (QPCR) method presented in this study allows the identification of pneumococcal
capsular serotypes in cerebrospinal fluid without first performing DNA extraction. This testing approach, which saves time and
resources, demonstrated similar sensitivity and a high level of agreement between cycle threshold values when it was compared side-

by-side with the standard gPCR method with extracted DNA.
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Streptococcus pneumoniae is a leading bacterial etiology of a
wide range of infections, including community-acquired pneu-
monia, meningitis, otitis media, and sepsis [1]. There are now
100 recognized S. pneumoniae serotypes whose distribution
varies both temporally and geographically [2]. Quantitative
polymerase chain reaction (QPCR) methods for the identifi-
cation of S. pneumoniae serotypes using DNA extracted from
clinical specimens or pneumococcal isolates have been de-
scribed previously [3-5]. It is a laborious process, and the DNA
extraction step can constitute a source of cross-contamination
and a bottleneck in high-throughput laboratories. To alleviate
some of the burden associated with the above-mentioned tra-
ditional qPCR, we validated a direct gPCR method that allows
the identification of S. pneumoniae serotypes directly from ce-
rebrospinal fluid (CSF) specimens positive for S. pneumoniae
by lytA qPCR without first extracting DNA, thereby reducing
processing time, cost, labor, and risk of cross-contamination.

MATERIALS AND METHODS

The triplex direct gQPCR method was validated using the same
schemes and the same oligonucleotides as described by Pimenta
et al [3], with the exception that the final concentrations of the
oligonucleotides were optimized in the direct gPCR (Table 1).It
consists of 7 sequential triplex reactions (21 assays) that identify
37 pneumococcal capsular serotypes as 11 individual serotypes
plus 10 small serogroups. Reaction mixtures were prepared in
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a final volume of 25 pL, including variable volumes of each
primer and probe to reach the desired final concentration,
2 pL of CSF as DNA template, 12.5 pL of mastermix (PerfeCTa
MultiPlex qPCR ToughMix, QuantaBio), and PCR-grade water
(Supplementary Materials). The thermal profile condition for
the qPCR runs was 1 cycle of 95°C for 10 minutes, followed by
40 cycles of 95°C for 15 seconds and 60°C for 1 minute. Each
run included appropriate positive control DNA and no template
negative controls (NTCs). A reaction was considered valid if all
NTCs were negative and control DNA was positive.

The lower limits of detection (LLD) for the traditional and
direct PCR methods in this study were determined as described
previously [3, 6]. In brief, bacterial suspensions of target sero-
types were prepared in 0.85% saline buffer to a turbidity reading
of approximately 0.5 McFarland standard. These suspensions
were further serially 10-fold (107 to 107) diluted in 0.85%
saline buffer and in CSF that had been previously tested and
known to be PCR negative. DNA was extracted from 200 pL
of serial dilution suspensions as previously described [7]. The
DNA concentrations were measured using a NanoDrop instru-
ment and plotted against cycle threshold (Ct) values. The con-
centration that yielded a Ct of 35 was considered the LLD.

RESULTS

The LLD of the individual serotypes for the direct qPCR, de-
termined as described above, varied between 7 and 16 genome
equivalents per reaction (3.5-8 genome equivalents/pL CSF),
which were comparable to the LLD obtained for the traditional
qPCR (between ~7.5 and ~15 cell genome equivalents per re-
action [3]).

The direct qPCR and the gPCR method with extracted DNA
were compared concurrently, using the same set of 120 CSF spe-
cimens that had tested positive for the S. pneumoniae gene target,
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IytA [6], at the national reference laboratories for meningitis sur-
veillance in Burkina Faso (n = 85) and Vietnam (n = 35). For tra-
ditional qPCR, DNA was extracted from a 200-pL aliquot of each
CSF specimen as described above. To measure the agreement be-
tween the 2 methods, CSF specimens and their corresponding ex-
tracted DNA were tested concomitantly on the same plate by the
direct and the traditional methods, respectively. The Ct difference
(ACt) between the direct and the traditional PCR (Ct Cty)
with extracted DNA was plotted as a function of the average Ct

Direct

values of the 2 methods [8]. The upper and lower limits of agree-
ment between the 2 methods were calculated as the mean ACt +
2 standard deviations (Figure 1A). If the 2 methods agree, we ex-
pect at least 95% of the ACt to fall within the limits of agreement.
In this plot, only 2 data points (~1.7 %) were outside the limits
of agreement, demonstrating a very good strength of agreement
between the direct and the traditional PCR. Specimens that were
found negative for the 37 serotypes (n = 29) by direct PCR were
also negative when the PCR was conducted on their extracted
DNA. There was no discrepancy among the serotypes identified
by the 2 methods. Because this was a prospective study (the sero-
types were not known prior to the study) in 2 specific regions,
serotypes/serogroups 4, 19A, 23A, 6C/6D, 7F/7A, 22F/22A, and
33F/33A/37 were not detected in the CSF tested.

A corrected Bland-Altman plot (Krouwer plot) sug-
gests that if a new method is being compared to a reference
method, one should plot the difference against the values of
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Figure 1. Bland-Altman plot (4) and Krouwer plot (B) of the cycle threshold

differences (ACt) between the direct real-time polymerase chain reaction (PCR)
method and the traditional real-time PCR method. The upper and lower limits of
agreement are indicated by the upper and lower solid lines (SD = standard devi-
ation of ACt). The dashed line indicates the mean ACt and the dots represent ACt
values. These data were generated using 120 clinical cerebrospinal fluid samples.

the reference method rather than the average values of both
methods [9]. When the traditional gPCR was considered as
the reference method and ACt was plotted as a function of
CtDNA’
unchanged (Figure 1B). In addition to the high level of agree-

the observed agreement between the 2 methods was

ment, there was a strong positive correlation between Ct
values generated by the 2 methods (Pearson correlation co-
efficient: r = 0.86; P < .00001), which indicates that high Ct
values of one assay correspond to high Ct values of the other
and vice versa.

DISCUSSION

Identification of pneumococcal capsular serotypes is very impor-
tant for monitoring the temporal and geographical distribution
of disease-causing serotypes and for measuring pneumococcal
conjugate vaccine impact. Molecular methods such as gPCR that
allow the identification of serotypes most frequently associated
with disease in humans are widely used and are perpetually being
optimized. Recently, an expanded sequential PCR scheme con-
sisting of 14 quadriplex reactions that identify 64 individual sero-
types/serogroups, antibiotic resistance, and pili genes has been
published [10]. The direct gPCR described here contributes to
that optimization effort by considerably reducing labor and proc-
essing time and, most importantly, saving valuable specimen vol-
umes. In addition, the sensitivity and the specificity of the direct
qPCR are comparable to those of traditional qPCR for the identi-
fication of S. pneumoniae serotypes. With the recent validation of
a triplex direct gPCR for the detection of bacterial species in CSE
including S. prneumoniae [6], it is now possible to rapidly and ac-
curately detect this important pathogen and its capsular serotypes
directly in CSF without first performing DNA extraction. We are
planning to expand the direct qPCR to the new quadruplex assay
that includes a larger number of serotypes.

Supplementary Data

Supplementary materials are available at The Journal of Infectious
Diseases online. Consisting of data provided by the authors to
benefit the reader, the posted materials are not copyedited and
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.
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