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Abstract
Streptococcus pneumoniae causes invasive diseases of significant public health concern, such as meningitis. The culture of 
cerebrospinal fluid (CSF) samples, the standard technique for meningitis diagnoses, is not always positive. Consequently, 
meaningful information about the etiological agent is lost, which can compromise effective epidemiological surveillance 
and the improvement of immunization policies. This study aims to standardize a method to genotype pneumococcus in the 
CSF samples which could mitigate the absence of isolated strains, and also evaluate the prediction of this assay. We applied 
eight multiplex PCR (mPCR) assays to CSF samples paired with the Quellung reaction applied to the isolated strains. We 
also compared different master mix kits in the mPCR. Moreover, a retrospective study was conducted with CSF samples 
considered pneumococcus positive due to the presence of the lytA gene. Results showed that genotyping by the mPCR cor-
related 100% with the Quellung reaction, and genotyping was dependent on the master mix applied. In the retrospective 
study (2014–2020), 73.4% were successfully genotyped. The analyses of the receiver operating characteristic curve showed 
that the cycle threshold (Ct value) around 30 for the lytA gene had a 75% positive chance of successful genotyping, whereas 
with a Ct value > 35, the chance was 12.5%. Finally, we observed that genotype 19A was prevalent in the period (12%), 
information unknown until now due to the lack of isolated strains. Therefore, the mPCR of CSF samples can efficiently 
predict S. pneumoniae serotypes, especially in the absence of isolated strains, which can be a great tool for pneumococcal 
serotype surveillance.
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Introduction

Pneumococcal meningitis, caused by Streptococcus pneu-
moniae bacterium (also called pneumococcus, or S. pneu-
moniae), is generally an endemic disease, and it can poten-
tially cause large community outbreaks [1]. The culture 
of cerebrospinal fluid (CSF) samples is the gold standard 
for diagnosis of meningitis [2]; however, the low bacterial 

growth rates particularly in the patients who have received 
prior antibiotic treatment bring the necessity to develop 
new tests [3]. PCR-based assays to detect pneumococci 
from clinical samples do not require viable bacteria and 
present very high sensitivity, stating an important tool in 
the diagnosis of invasive pneumococcal infections [4, 5]. 
Serotype distribution can be determined by the culture 
of the microorganism followed by the determination of 
the capsular type by individual serotype-specific antisera 
binding known as Quellung reaction [2]; however, it is a 
time-consuming and high-cost test. Thus, pneumococcal 
serotyping using molecular methods directly on clinical 
samples can be cheaper and faster; also, it can be a great 
tool in pneumococcal serotype epidemiological surveil-
lance, especially in the absence of isolated strains. A broth 
enrichment approach to isolate pneumococcal strains from 
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nasopharyngeal specimens to determine serotypes from 
pneumococcal carriage by using eight multiplex PCR 
conventional was standardized by the Centers for Disease 
Control and Prevention, USA (CDC) [6]. They applied 
DNA obtained from isolated strains to predict a great vari-
ety of serotypes, and the results were compared to the 
results of conventional culture-based. This PCR-based 
strategy that employed a broth enrichment step appeared to 
enhance the detection of mixed serotypes and low-density 
pneumococcal carriage [6], whereas Saha et al. [7] opti-
mized a multiplex PCR (mPCR) scheme to identify only 
seven capsular serotypes likely to occur in Bangladesh, 
and that could be performed not only with isolated strains 
but also directly from CSF samples of culture-negative 
cases. It is not feasible to perform the Quellung method 
in culture-negative cases due to the absence of isolated 
strains, thus mPCR can overcome this issue. Also, the 
mPCR can be helpful in the epidemiological evaluation 
of circulating serotypes and, consequently, in making 
accurate decisions about vaccination. This approach can 
also be useful in population-based studies where there 
is limited laboratory capability for taking on the highly 
demanding work of conventional pneumococcal isolation 
and serotyping [8].

More than 100 different pneumococcal serotypes have 
been described [9] and it has been reported that serotype 
distribution of the pneumococcus varies due to many fac-
tors such as clonal expansion, capsular transformation, 
mass pneumococcal vaccination, socioeconomic settings, 
immune status, and antibiotic use in the population. Moreo-
ver, it is expected that about a third of them are implicated 
in pneumococcal disease [10]. Numerous assays have been 
described in which serotype/serogroup-specific PCRs have 
been developed and multiplexed, in different combinations, 
to identify a variable number of commonly occurring sero-
types [10]. Two reported studies identified most of the tar-
geted serotypes individually or to serogroups and excluded 
isolates belonging to other serotypes [11, 12]. Molecular 
methods are also helpful, even after mass vaccination starts, 
in monitoring possible epidemiological changes in serotype 
distribution, especially for meningitis in settings with high 
prior use of antibiotics [7, 13]. Although serotyping of pneu-
mococci is not usually necessary for a clinical response, 
capsular serotype determination is a critical component of 
successful pneumococcal disease control, particularly in 
the aspect of vaccine development and vaccination strate-
gies. Thus, the main goal of the present study was to evalu-
ate the mPCR for S. pneumoniae serotypes identification 
directly from CSF samples, without culture procedures and 
DNA purification from pneumococcus isolates, based on 
a modification of the CDC’s standardized eight multiplex 
PCR conventional, which can deduce about 70 pneumococ-
cal serotypes prevalent in Latin America [6]. Moreover, we 

also presented here the description of the meningitis etiology 
obtained by culture and qPCR techniques during the studied 
period and their comparison.

Materials and methods

Samples

From 2017 to 2020, CSF samples from patients suspected 
of bacterial meningitis were received for diagnostic con-
firmation purposes in the Adolfo Lutz Institute – Regional 
Laboratory of Santo André, which is the public health labo-
ratory in the region of seven cities in the Greater Sao Paulo, 
Brazil. Firstly, the samples had the DNA extracted by heat-
ing (100 °C for 5 min) in a dry block. Then, multiplex qPCR 
was performed as standardized at Adolfo Lutz Institute [5, 
14] to detect the following genes: ctrA from Neisseria men-
ingitidis, lytA from Streptococcus pneumoniae, and hpd from 
Haemophilus influenzae, as part of the diagnosis routine of 
our laboratory. When there was enough CSF sample volume, 
125 µL were also plated on chocolate blood agar plates and 
incubated in an anaerobic jar at 36 °C for 48 h, as a new 
attempt to isolate any microorganism since diagnosis labo-
ratories from hospitals have already performed the culture 
in the first moment after collection.

Multiplex PCR standardization

The eight multiplex PCR conventional, which were previ-
ously standardized by CDC with purified genomic DNA 
from isolated strains [6], were adapted in this study to be 
performed with CSF samples. For this purpose, each reac-
tion was firstly tested with different annealing temperatures 
and different final volumes using different commercial mas-
ter mixes kits: 25 µL for QIAGEN® Multiplex PCR Kit 
(Qiagen, Germany), as standardized by Carvalho et al. [6]; 
50 µL for Platinum® Multiplex PCR Master Mix (Thermo 
Fisher Scientific, USA); 95 µL for Invitrogen™ PCR Super-
mix Brasil (Thermo Fisher Scientific); 25 µL for GoTaq® 
Hot Start Green Master Mix (Promega, USA); and 50 µL 
2 × PCR SuperMix (Bio-Helix, Taiwan). The concentration 
of the 12 primers presented in each of the eight multiplex 
PCR, summarized in Supplement 1, was adjusted for the 
different volumes of each master mix, according to Carvalho 
et al. [6]. The PCR protocol was executed agreeing to kit 
manufacturer specifications, using 54 °C as the annealing 
temperature. Only when the QIAGEN® Multiplex PCR Kit 
was applied the annealing temperature was different for each 
one of the eight multiplex PCR: reactions I and VIII was 
59 °C; reactions II, III, IV, V, VI, and VII were 57 °C. The 
Veriti™ 96-Well Thermal Cycler was used with the stand-
ard 0.2 mL block format (Thermo Fisher Scientific) for all 
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reactions. PCR products were electrophoresed in TAE buffer 
with a 3% agarose gel stained with 1:10,000 Invitrogen™ 
SYBR™ Safe DNA Gel Stain (Thermo Fisher Scientific), 
at 70 V for 80 min. Invitrogen™ BlueJuice™ Gel Load-
ing Buffer (10 ×) was added to the sample and Invitrogen™ 
100 bp DNA Ladder (both Thermo Fisher Scientific) was 
used as molecular weight. Then, the gel was visualized and 
the image was captured by E-Gel Imager—Gel photo docu-
mentation system and the GelCapture Software—Image 
Acquisition (both Thermo Fisher Scientific).

In addition, the master mixes were tested with selected 
sample templates, categorized as A1—high pure DNA puri-
fied from isolated strain (serotype 22F); A2—high-quality 
DNA extracted from CSF sample, (serotype 8); A3—low-
quality DNA extracted from CSF sample (serotype 22F 
presented in the human sample which strain used in the A1 
was isolated). Then, the amounts of amplicons were quanti-
fied after agarose gel by GelQuant Express—Image Analy-
sis software from Thermo Fisher Scientific, to check the 
molecular weight in nanograms (ng) and bases pair (bp).

Comparison of methodologies

After the standardization of the eight multiplex PCR using 
CSF samples, all S. pneumoniae culture-positive CSF samples 
were submitted to the eight multiplex PCR to detect capsules 
pneumococcal genes. The results were compared to the Quel-
lung reaction performed with isolated strains. Moreover, the 
same protocol was applied to all lytA-positive CSF samples 
received between 2014 and 2020, independently if there was 
an isolated strain, to produce a retrospective study. In this 
regard, CSF samples with great volumes were submitted to 

another genomic DNA extraction using silica column kits 
(PureLink™ Genomic DNA Mini Kit—Thermo Fisher Scien-
tific, USA or QIAamp® DNA Mini Kit – Qiagen, Germany), 
to concentrate the DNA. Then, the profile of pneumococcal 
strains causing meningitis in the region was evaluated.

Statistical analyses

The statistical analyses were performed using R Statistical 
Software (version 4.1.0). Logistic regression was calculated 
based on the variable Ct value obtained for the lytA gene in 
qPCR and other variables such as the success of identifica-
tion of the genotype by the eight multiplex PCR; master mix 
tested; patient outcome (death or not); the age of the patient; 
city of residence; type of DNA extraction (silica column kit 
or heating); quantity of detected bands (0, 1, or 2); the result 
of cultivation (growth or not); and the genotype identified by 
the eight multiplex PCR. A model of prediction of the out-
come of the eight multiplex PCR was established when CSF 
samples were applied. Also, chi-square and Fisher tests were 
applied to compare the categorical variables and the signifi-
cance was considered with a p-value < 0.05. Mann–Whitney 
test and Student’s t-test were applied to compare the Ct value 
obtained for the lytA gene in qPCR and the culture growth, 
or the success of genotyping identification, respectively. The 
mean and standard error (SE) was also presented. These both 
were calculated using the GraphPad Prism version 5.0. In 
addition, a receiver operating characteristic (ROC) curve 
was designed to show the true positive percentage and the 
false positive percentage for the possibility of genotype 
identification.

Table 1   Comparison of culture and qPCR techniques. Number of samples and percentage

a , S.: Streptococcus pneumoniae; N.: Neisseria meningitidis; H.: Haemophilus influenzae; b, CSF sample with qPCR positive to Neisseria menin-
gitidis, but culture-positive to yeast and Streptococcus sp; c, qPCR negative, but culture-positive to Haemophilus influenzae; d, qPCR invalid, but 
culture-positive to Staphylococcus sp; e, bacteria not isolated but detected in the qPCR, thus dead strains

Culture performed n = 263 Culture-positive 72/263 
(27.4%)

Result qPCR = culture 38/72 
(52.8%)

Streptococcus pneumoniae 26/72 (36.1%)
Neisseria meningitidis 10/72 (13.9%)
Haemophilus influenzae 02/72 (2.8%)

Result qPCR ≠ culture 34/72 
(47.2%)

qPCR and culture-positive but 
discordant

02/72 (2.8%) b

qPCR negative and culture-
positive to S., N., or H. a

01/72 (1.4%) c

qPCR invalid and culture-
positive

01/72 (1.4%) d

qPCR negative and culture-
positive different species

30/72 (41.7%)

No bacterial growth 191/263 (72.6%) qPCR = culture (both negative) 127/191 (66.5%)
qPCR invalid 01/191 (0.5%)
qPCR positive and culture-

negative
63/191 (33.0%) e
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Results

qPCR and culture comparison

From August/2017 to September/2020, 377 clinical CSF 
samples were received in our laboratory for bacterial 
meningitis investigation. The DNA of all samples was 
extracted for qPCR performance but 263 samples that had 
higher volumes were used in the culture. Bacterial growth 
was observed in 72 samples (27.4%) and 26 of those sam-
ples were culture-positive for pneumococci (36.1%). Cul-
ture and qPCR had 52.8% (38 samples) of results compat-
ible, as presented in Table 1. Moreover, from 191 negative 
cultures (72.6%), 63 were qPCR positive, indicating that 
at least 33% of CSF samples had unviable microorganisms 
when the clinical specimens were received.

According to the results of qPCR, it was possible to 
identify the recovery percentage of strains. Fifty positive 
results were observed in qPCR for pneumococcus; how-
ever, only 26 samples were culture-positive, indicating 
52% recovery. Other bacteria such as N. meningitidis and 
H. influenzae had 22.2 and 22.7% recovery, respectively. 
These data are summarized in Supplement 2. Moreover, 
when evaluating the cycle threshold (Ct value) of the mul-
tiplex qPCR for the lytA gene and the positivity of the cul-
ture (Fig. 1), an association was observed. The Ct values 
of culture-positive samples were significantly lower (mean 
21.12 ± SE 0.83), p < 0.0001, than the Ct values of culture-
negative samples, which presented higher Ct values (mean 
29.63 ± SE 1.07). This suggests that in samples with lower 
Ct values, there is higher DNA concentration and conse-
quently more bacteria in the sample.

Different master mixes applied for the multiplex 
PCR

The eight multiplex PCR were initially tested with different 
master mix kits. With the aim to select the master mix with 
the best cost–benefit, the amount of amplified DNA from 
the same template applied for each master mix was quanti-
fied. Extracted DNA from cultured strain as a template which 
was considered high pure DNA quality was tested, and also 
from CSF samples considered here with different qualities: 
low quality, due to the difficulty to genotype with all master 
mixes tested, and high quality, due to the low Ct value (= 19) 
and the ability to genotype with all master mixes tested. The 
success of the reaction was measured by the detection of two 
bands in the agarose gel (one referring to the genotype group 
and the other to the cpsA gene, the positive control) and by 
the quantification of these bands. Figure 2 shows that the 
master mix which produced a better yield of amplicon for 
all templates tested was QIAGEN® Multiplex PCR Kit and 

GoTaq® Hot Start Green Master Mix (lanes 10–12 and 13–15 
respectively). The master mix 2 × PCR SuperMix (Bio-
Helix) presented the best yield for DNA from the isolated 
strain (lane 7), however, presented the worst result for the 
low-quality CSF sample. Moreover, it seems that presented 
high levels of unspecific bands (dot arrow). It is expected 
not to be primers in excess since the same concentration was 
applied for all reactions. Additionally, we ranked the master 
mixes according to this quantification and thus their sensi-
tivity observed in this assay: 1st QIAGEN® Multiplex PCR 
Kit; 2nd GoTaq® Hot Start Green Master Mix (Promega); 
3rd 2 × PCR SuperMix (Bio-Helix); 4th Invitrogen™ PCR 

Fig. 1   Cycle threshold for the lytA gene of the bacterial meningitis 
multiplex qPCR (qPCR_CT) versus the results of CSF samples cul-
ture for the growth of Streptococcus pneumoniae. Each diamond rep-
resents a sample. The black bar represents the median and the black 
square represents the mean

258 European Journal of Clinical Microbiology & Infectious Diseases (2023) 42:255–266



1 3

Supermix Brasil (Thermo Fisher Scientific); 5th Platinum® 
Multiplex PCR Master Mix (Thermo Fisher Scientific).

Quellung versus multiplex PCR

From 26 CSF samples that were isolated S. pneumoniae, 25 
strains had DNA purified for the performance of the eight 
multiplex PCR, and also they were tested in the Quellung 
reaction because one strain was not viable in further culture. 
The results of the eight multiplex PCR using DNA purified 
from strains correlated 100% with the Quellung reaction 
applied in the live cells. Moreover, the same methodology, 
now applied to the DNA extracted from the 25 CSF sam-
ples which had viable strains, was able to genotype 24 sam-
ples that correlated with the results of the PCR using puri-
fied DNA from isolated strain, and also with the Quellung 
results. Only one CSF sample was not possible to be identi-
fied in the eight multiplex PCR, with all master mixes tested. 
It is suggested that this negative result was due to the rela-
tively high Ct value for the lytA gene in the qPCR (CT = 28), 
meaning a low quality of the bacterial DNA available.

Multiplex PCR with lytA‑positive CSF samples

From January/2014 to September/2020, 873 clinical 
specimens were received for bacterial meningitis analy-
ses, 149 samples (17.1%) were S. pneumoniae positive 

by detection of the lytA gene, whereas 129 were posi-
tive for N. meningitidis (14.8%) and 15 for H. influenzae 
(1.7%). The majority was negative for multiplex qPCR 
(66%). From 149 lytA-positive samples, 79 had enough 
material to perform the eight multiplex PCR. Detection 
of two bands in the agarose gel, one referring to the geno-
type group which varies in size (see Suppl 1) and the 
other to the positive control, the cpsA gene (160 bp), in 
one of the eight multiplex PCR, meant a positive result 
for genotyping identification. A total of 58 CSF samples 
(73.4%) had successfully the genotyping group identi-
fied; on the other hand, 21 (26.6%) were not genotyped. 
There was an association between the positive result for 
genotyping identification and the Ct value observed in the 
multiplex qPCR for bacterial meningitis, i.e., the Ct value 
for the lytA gene obtained with the CSF sample (Fig. 3). 
Frequently, genotyping identification was observed with 
CSF samples which presented statistically lower Ct value 
for lytA in the qPCR (mean 23.53 ± SE 0.614) and it was 
different from the unidentified samples, which presented 
higher Ct value (mean 34.67 ± SE 0.659), p < 0.0001. 
Moreover, when evaluating the type of extraction (silica 
column or heating), there was no association between the 
obtained Ct value for lytA and the success of genotyping 
identification (Fig. 4). Of the ungenotyped CSF samples 
(21), seven had only the cpsA gene amplified, so they 
presented just one band in all the eight multiplex PCR, 

Fig. 2   Yield of the amplicons using templates with different quality 
for all master mixes kits tested. In yellow the quantification in nano-
grams (ng) in the agarose gel made by GelQuant Express—Image 
Analysis software. Lanes: 1 to 3—Invitrogen™ PCR Supermix Brasil 
(Thermo Fisher Scientific); 4 to 6—Platinum® Multiplex PCR Mas-
ter Mix (Thermo Fisher Scientific); 7 to 9—2 × PCR SuperMix (Bio-
Helix); 10 to 12—QIAGEN® Multiplex PCR Kit (Qiagen); 13 to 
15—GoTaq® Hot Start Green Master Mix (Promega); 16—molecular 
weight. Templates features: A1—Purified DNA from a serotype 22F 
strain; A2—DNA extracted from CSF sample with high quality and 

identified as the presence of serotype 8 strain; A3—DNA extracted 
from CSF sample with low quality and identified as the presence of 
serotype 22F strain (same CSF sample from which the strain pre-
sented in lanes A1 was isolated). The arrow indicates the 160 bp cpsA 
gene; The dotted arrow indicates unspecific bands. The table below 
the figure represents: [ ] ng/µL—concentration in ng of the amplified 
band correspondent to the genotyping, excluding the band referring 
to the cpsA gene; total ng—the total amount of produced DNA in ng 
contained in the total reaction volume correspondent only to the gen-
otyping band
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and 14 had no band at all. This result is also associated 
with the Ct value of the multiplex qPCR for the lytA gene 
(chi-square p = 0.0005); samples with higher Ct values 
presented 0 or 1 band in the gel (Fig. 5).

Furthermore, the genotype group identification from 
CSF samples presented different results according to the 
master mix applied in the eight multiplex PCR. Due to 
the availability and low cost of some master mixes kits, 
CSF samples were firstly tested with Platinum® Mul-
tiplex PCR Master Mix or Invitrogen™ PCR Supermix 
Brasil (both from Thermo Fisher Scientific), and in the 
absence of positive results, they were tested with QIA-
GEN® Multiplex PCR Kit (Qiagen). If positive results 
were not achieved, the CSF sample was submitted to the 
eight multiplex reactions with 2 × PCR SuperMix (Bio-
Helix) and GoTaq® Hot Start Green Master Mix (Pro-
mega), which presented great results in the gel quantifi-
cation shown previously in Fig. 2. Figure 6 presents, as 
expected, differences according to the master mix applied 
in the ability to identify the genotype group of S. pneu-
moniae in CSF samples. QIAGEN® Multiplex PCR Kit 
was the best master mix to identify the pneumococcus 
genotype. It presented 65.6% of positive results (42 sam-
ples) from 64 CSF samples tested with this master mix. 
Additionally, 22 CSF samples that were not identified 
by QIAGEN® Multiplex PCR Kit were tested with other 
master mixes available (2 × PCR SuperMix and GoTaq® 
Hot Start Green Master Mix), and only one was possible 
to identify the genotype group with 2 × PCR SuperMix 
(Bio-Helix). Moreover, the comparison between the suc-
cess of genotype identification and the different master 
mixes used in this study showed statistical significance 
for QIAGEN® Multiplex PCR Kit (chi-square and Fisher 
tests p < 0.0005).

With all these findings, it was possible to evaluate a 
model of prediction based on the obtained Ct value for 
the lytA gene in the qPCR, and the probability to identify 
successfully the genotype (Fig. 7). Other variables were 
tested, but none showed any association. Also, a ROC 
curve was designed (Fig. 8). Both results showed that a 
Ct value around 30 has the chance to get a true positive 
result of about 75%; for a Ct value of 33, the chance for 
identification is 38%, and higher than a Ct value of 35, this 
chance drops to 12.5%.

Finally, with all genotyping results, it was possible 
to evaluate the pneumococcus genogroups that caused 
meningitis in the region in a retrospective study (Fig. 9). 
From 2014 to 2020, the genotype 19A was the most prev-
alent in the period (12%), followed by genotype 3 and 
12F/12A/44/46 group (10% for each group). Despite the 
isolated strain, which had the CSF sample negative in 
the eight multiplex PCR, being identified by the Quel-
lung reaction as serotype 23A, it was counted as not a 

genotyped sample. Moreover, when analyzing the period 
when CSF samples were cultured (2017–2020), it was pos-
sible to observe that from 377 CSF samples only 25 S. 
pneumoniae strains were isolated in culture and the Quel-
lung reaction could be performed with the viable strains. 
However, the qPCR identified 69 CSF samples positive for 
S. pneumoniae by the lytA gene detection. In the absence 
of the eight multiplex PCR, it would be possible to identify 
the serotype for only 25 isolated strains (25/69; 36.2%). 
Nonetheless, this study was able to identify 42 genotypes 
from 69 CSF lytA-positive samples, representing 60.9% of 
the lytA-positive samples in the period 2017–2020.

Fig. 3   Cycle threshold for the lytA gene of the bacterial meningitis 
multiplex qPCR (qPCR_CT) versus genotyping identification using 
the eight multiplex PCR with CSF samples. Each diamond represents 
a sample. The black bar represents the median and the black square 
represents the mean
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Discussion

The culture of CSF samples is the gold standard for bac-
terial meningitis. However, many reasons can contribute 
to false negative results. PCR-based assays can overcome 
these issues and can be an auxiliary tool that complements 
the main technique. As observed in this study, in which 
72.6% of CSF samples were culture negative, at least 33% 
of them were positive in the qPCR for the main three bac-
teria that cause meningitis. This positivity of the CSF sam-
ples in the qPCR, in the region of this study, was similar to 
our previous finding (33.8%) that evaluated a longer period 
[15]. Also, 41.7% of the cultured samples were positive 
for one microorganism which was not contemplated in 
the qPCR. The high percentage of culture-positive CSF 
for other microorganisms shows the importance of the 
gold standard methodology to diagnose other bacterial 
meningitis, also the results of qPCR-positive but culture-
negative show the complementarity between the assays. 
Therefore, these findings indicate the importance of both 

methodologies and they should be performed together rou-
tinely to promote more consistency in the results. Moreo-
ver, a greater recovery percentage of strains was observed 
for S. pneumoniae (52%); thus, it is possible to infer that 
this bacterium was less sensible to hostile conditions in 
which the CSF samples were submitted before it was cul-
tured in our laboratory. When the subject is the surveil-
lance of the serotypes or serogroups that cause bacterial 
meningitis, PCR-based methodologies can be a better tool, 
because they can identify even in the absence of the iso-
lated strain. According to this study, the eight multiplex 
PCR can be applied to CSF samples successfully, and the 
chance to get the pneumococcus strain identified is almost 
100% if the Ct value for the lytA gene in the qPCR is less 
than 25.

The CDC protocol, which was the basis of this study, 
applied the QIAGEN® Multiplex PCR Kit for DNA 
extracted from isolated strains. Also, they applied an anneal-
ing temperature of 54 °C for the eight multiplex PCR. Here, 
we tested others master mixes kits to identify if any enzyme 

Fig. 4   Cycle threshold for 
the lytA gene of the bacterial 
meningitis multiplex qPCR 
(qPCR_CT) versus the type of 
DNA extraction (silica column 
or heating) and the result of 
genotyping identification using 
the eight multiplex PCR. The 
black bar represents the median
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could be applied and also if the protocol is the same for CSF 
samples. Other master mixes were applied according to the 
availability in our laboratory and the variable costs. It was an 
attempt to reduce the cost of this methodology. Platinum® 
Multiplex PCR Master Mix and QIAGEN® Multiplex PCR 
Kit were designed for multiplex reactions. They presented 
similar costs for this study (US$ 3.8 and 3.2 per reaction). 
On the other hand, they presented different sensitivity, as 
the results presented here. For QIAGEN® Multiplex PCR 
Kit, CDC has standardized reactions using half of the mas-
ter mix, thus decreasing the cost in this study to US$ 1.6. 
Other master mix kits tested here had lower costs (US$ 0.6 
or 0.3 per reaction), 2.5 or 5 times less than QIAGEN® 
Multiplex PCR Kit. As observed here, to reduce the cost 
of this assay, other enzymes could be applied, but maybe, 
it will promote the increase of negative results (absence of 
genotyping). When different master mixes were applied 
the annealing temperature was the same; however, when 
the QIAGEN® Multiplex PCR Kit was applied, unspecific 
reactions were observed and multiple bands were detected 
when using DNA extracted from CSF samples (data not 

shown). For this reason, some modifications in the eight 
multiplex PCR protocols were necessary to deal with this 
issue; thus, different annealing temperatures were standard-
ized for each one of the eight multiplex PCR. This result 
allied to the result that QIAGEN® Multiplex PCR Kit was 
the best master mix to identify the pneumococcus genotype, 
with 65.6% of positive results, suggesting that this master 
mix is more sensitive than the others tested here. Thus, the 
success of pneumococcus genotype identification will also 
depend on the master mix applied in the study. Furthermore, 
despite better and new PCR-based methodologies available, 
our work applied conventional PCR because it is cheaper 
and easier to be applied all over the world, especially in 
low-income countries, where pneumococcus is prevalent.

When comparing both methodologies, the Quellung 
reaction performed with isolated strains and the eight 
multiplex PCR performed with the CSF samples in which 
these strains were isolated, only one CSF sample in 26 was 
not genotyped. All 25 CSF samples presented the same 
result as the gold standard Quellung reaction. Regardless 
of the small number of isolates, this evidence still is valid 
to endorse the use of the eight multiplex PCR to genotype 
S. pneumoniae in CSF samples, especially in the absence 
of isolated strains, as a complementary technique. Thus, 
our results show that the eight multiplex PCR developed by 
the CDC for isolated pneumococci strains can be success-
fully applied to CSF samples, with protocol modifications 
presented here.

Based on the methodology of eight multiplex PCR, we 
were able to perform a retrospective study using all lytA-
positive CSF samples, which had great volumes and were 
received between 2014 and 2020. We obtained 73.4% of 
all CSF samples successfully genotyped; 26.6% of CSF 
samples were not genotyped. The great percentage of posi-
tives also indicates this methodology should be applied as 
a routine of surveillance since most of them would have 
remained unidentified if the CSF samples had not been 
tested. For seven (from 21) not genotyped samples, a single 
band was observed in all eight multiplex PCR, represent-
ing the cpsA gene. This observation could be explained 
by other genogroups not included in the eight multiplex 
PCR tested in this study; however, the hypothesis of the 
low quality of the sample, as observed for samples with a 
higher Ct value for the lytA gene, is more plausible. Fur-
thermore, one of these seven samples had a pneumococcus 
strain isolated by culture, thus the serotype was confirmed 
by Quellung reaction, and this serotype is included in the 
eight multiplex PCR. This information reinforces that the 
quality and concentration of the bacterial DNA presented 
in the CSF sample should be high. Carvalho and coworkers 
[6] described that despite the cpsA gene being highly con-
served among pneumococcal strains, they found 1 to 2% 
of the PCR-serotypeable isolates negative for this control. 

Fig. 5   Correlation of cycle threshold for the lytA gene of the bac-
terial meningitis multiplex qPCR (qPCR_CT) and the number of 
bands detected in the agarose gel after the eight multiplex PCR using 
CSF samples: 0 — no bands were detected; 1 — only one band was 
detected and it corresponds to the cpsA gene, presented in all S. pneu-
moniae strains, used here as positive control; 2  —  two bands were 
detected, referring to the cpsA gene and the gene which represents 
the genotype evaluated. Only two bands were considered positive for 
genotyping identification. The black bar represents the median and 
the black square represents the mean
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This could be the explanation for the 14 not genotyped 
samples. Nevertheless, all samples presented the Ct value 
of > 33 for the lytA gene, indicating low bacterial DNA 
concentration. Moreover, according to the model of pre-
diction observed in our study, CSF samples with this Ct 
value has also a small chance to be identified (38%). There-
fore, these results indicate that, like all methodologies, this 

PCR-based technique applied to CSF samples has its limi-
tation, but it should not be discredited as a potent tool to 
genotype S. pneumoniae, mainly in the absence of isolated 
strains.

Lastly, the results of pneumococcus genotyping based on 
the eight multiplex PCR applied here with CSF samples are 
unprecedented, since the region of this study, which comprises 

Fig. 6   Genotype identification after the eight multiplex PCR using CSF 
samples as templates and 4 different master mixes versus the cycle 
threshold (CT) for the lytA gene from the bacterial meningitis multiplex 
qPCR. Master mixes applied: 2 × PCR SuperMix Bio-Helix (Bio-Helix); 

Platinum® Multiplex PCR Master Mix (Platinum); Invitrogen™ PCR 
Supermix Brasil (Supermix); QIAGEN® Multiplex PCR Kit (Qiagen). 
CSF samples with the genotype identified by one of the eight multiplex 
PCR are represented in red and unidentified in blue

Fig. 7   Model of prediction of 
the genotyping result using the 
eight multiplex PCR with CSF 
samples based on the obtained 
cycle threshold for the lytA 
gene of the bacterial meningitis 
multiplex qPCR (CT). Identifi-
cation means the probability of 
successfully genotyped samples 
using this methodology, of 
which 0 is 0% identified, 0.50 is 
50% identified, and 1.0 is 100% 
identified. The red line shows 
the decrease of identification 
probability as the Ct value 
increase
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more than 2.5 million people, has not the observance to pro-
vide isolated strains for further epidemiological investigation, 
as recommended by the country’s epidemiological surveillance 
standards. Serotype 19A was the prevalent strain, as observed 
in many studies in Brazil, including invasive pneumococcal 
diseases and nasopharyngeal carriage [16–21], due to the use 
of the 10-valent vaccine (PCV10) in the Brazilian immuniza-
tion program that does not include this serotype, and for this 
reason, there is an increase in the non-vaccine serotypes. All 
CSF samples which presented the 19A genotype were also 
identified as multidrug-resistant in our previous work [22]. 
There was an increase worldwide in the incidence of invasive 
pneumococcal disease caused by multidrug-resistant serotype 

19A. This was especially observed for the serotype 19A clonal 
complex CC320 [19, 23–26]. The second most common sero-
type in this study was serotype 3. It is also not included in the 
PCV10 provided in Brazil. The prevalence of serotypes 19A 
and 3 was similar to the study of Quesada and coworkers in 
Brazil [21]. However, they found serotype 6C as one of the 
top three prevalent, and in our work, this was not observed. 
Curiously, Quesada and coworkers found that serotype 3 is 
also the prevalent serotype causing meningitis in older than 
5 years of age in sites where PCV13 was used, a vaccine in 
which serotype 3 is included [21].

Based on our findings, we concluded that the use 
of CSF samples to genotype the S. pneumoniae by the 
eight multiplex PCR is feasible and reliable and could be 
applied in the routine diagnosis of bacterial meningitis, 
especially in the absence of the isolated strain, helping 
in the surveillance of pneumococci serotypes causing 
meningitis. Despite the fact this assay may not detect the 
serotype in CSF samples with low DNA quality, it is still 
worth the attempt to obtain missing information about the 
strain. The results obtained here evidence the importance 

of the implantation of the eight multiplex PCR for geno-
typing prediction applied to CSF samples in the routine of 
epidemiological surveillance, which is extremely impor-
tant to verify if the serotype replacement phenomenon is 
occurring and to better establish immunization policies.
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