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The life-threatening illnesses caused by Streptococcus pneumoniae have been declined significantly after the use of
pneumococcal conjugate vaccines. Continuous monitoring of the vaccine serogroups/types is necessary to follow the
changing epidemiology of invasive pneumococcal diseases. Recently, the sequential multiplex PCR approach, which uses
several different sets of reactions, has been commonly adopted for determining capsular serogroups/types of S.
pneumoniae isolates. In our study, we focused on development of a one-step multiplex PCR assay detecting all 1, 3, 4, 5, 6A/
B, 7F, 9V, 14, 18C, 19A, 19F and 23F serogroups/types targeted by PCV13. The content of multiplex PCR mix and the cycling
conditions were optimized in a manner that allowed rapid and accurate serotyping of a pneumococcal isolate by
performing only a single amplification reaction. In our study of 182 clinical isolates, the one-step multiplex PCR assay
exhibited 100% sensitivity and specificity, suggesting that its utilization can significantly reduce the use of traditional
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Introduction

Streptococcus  pneumoniae, a capsulated gram positive coccus, 18
a member of normal flora of upper respiratory track and can cause
life-threatening illnesses. This pathogen is responsible for menin-
gitis, sepsis, pneumonia and otitis media especially in children and
elder population. Annually, about 1.6 million children aged <5
years die because of pneumococcal diseases worldwide [1]. The
polysaccharide capsule is the major virulence factor and protects S.
preumoniae against phagocytosis, helping attachment of bacterium
to the upper airways [2-3]. S. pneumoniae bears immunologically
distinct capsular polysaccharides that differ in sugar composition
and chemical structure. At present, different 46 serogroups and 93
serotypes including the recently discovered 6D and 11E [4-5]
have been described [6-8]. The distribution of these serogroups/
types shows variation based on age, time and geography [9,10].
Despite the large variety of capsular types, only a small number of
serotypes was recovered from invasive pneumococcal diseases
worldwide [11-13].

Various vaccines composed of common invasive serotypes were
developed for prevention of pneumococcal diseases. The PCV7,
covering serotypes of 4, 6B, 9V, 14, 18C, 19F and 23F, was
licensed in 2000 [14] and resulted in a significant decline in
invasive diseases caused by these serotypes [1,12,15-17]. Howev-
er, the incidence of non-vaccine serotypes increased in both
patient and carriers over time [15,18-21]. The PCV13, containing
six additional serotypes (1, 3, 5, 6A, 7F and 19A), was then
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replaced the PCV7 in several countries in 2010 [22]. Monitoring
of the circulating serotypes is thus very crucial for following the
effectiveness of the current vaccines and for developing more
effective vaccines in the future [15,18,23].

As a conventional method for serotyping of S. preumoniae, the
Quellung reaction is a reference method [24] however; it is
cumbersome, time-consuming and expensive. Recently, molecular
typing methods based on amplification of serotype-specific
capsular polysaccharide synthesis, ¢ps, genes have been developed.
Researchers have mainly focused on multiplex polymerase chain
reaction (PCR) schemes detecting multiple serotypes in one
amplification reaction. The existing multiplex PCRs containing
four, five or maximum six serogroup/type-specific primer pairs
were performed sequentially for typing of the most invasive
pneumoccal serogroups/types [3,13,25-28]. Presently, one has to
run minimum four different sequential multiplex PCR reactions in
order to detect all pneumococcal serogroups/types present in the
PCV13 [28]. The aim of our study was to develop a simple,
accurate and cost effective PCR-based assay for detecting PCV13-
serogroups/types by running only a single multiplex PCR
reaction.

Materials and Methods

Bacterial Isolates
Thirteen S. pneumoniae reference strains representing ser-
ogroups/types 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F
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and 23F (obtained as a gift from Prof. Dr. Mustafa Bakir, Division
of Pediatric Infectious Diseases, Marmara University, School of
Medicine, Istanbul, Turkey) were used as a control set for quality
assessment of the serogroup/type-specific primer pairs. These
reference strains were also used in the development and
optimization trials of one-step multiplex PCR assay. Experimental
validation studies of the newly developed one-step multiplex PCR
assay was then carried out using 182 clinical isolates, including 150
S. pneumoniae and 32 a-hemolytic streptococci sent to Public Health
Agency of Turkey (PHAT, Ankara, Turkey) during a three-year
period from 2009 to 2011. All isolates used in this study were
subjected to optochine-susceptibility and bile solubility tests for
identification [29] and pneumococci were serotyped by Quellung
reaction [24] in Respiratory Pathogens Reference Laboratory at
PHAT.

One-step Multiplex PCR Assay Scheme

(i) DNA extraction. Growth of bacteria and extraction of
DNA were performed as described previously [13]. Briefly,
pneumococcal isolates grown on sheep blood agar were suspended
in 1.0 ml of saline solution (% 0.85 NaCl) and the turbidity was
adjusted to MclFarland standard 1. Then, 100 pul of cell
suspensions pelleted and resuspended in 100 pl TE buffer
(10 uM Tris-HCL, 1.0 uM EDTA, pH: 8.0) were boiled for
5 min and frozen at —20°C for 5 min. The cell lysates were stored
at —20°C until use.

(ii) Primers. The sequences of primer pairs specific for 1, 3,
4,5,6A/B, 7F, 9V, 14, 18C, 19A, 19F, 23F serogroups/types of S.
pneumoniae and the ¢psA gene common to most encapsulated
pneumococci were from previous publications [13,26]. All primers
were synthesized in Alpha DNA (Quebec, Canada), suspended in
PCR grade water (10 pmol/ul) and stored at —20°C until use.
The primer sequences and product sizes are listed in Table 1.

(iii) Multiplex PCR master mix. All PCR reagents were
purchased from Fermentas Life Science (USA). All primer pairs
were separately amplified with the reference strains of targeted
serogroups/types by using a standard 2x PCR buffer
[20 mM Tris-Cl, pH 8.3, 20 mM KCI, 5 mM (NH,4),SO, con-
taining 2 mM MgCl, and 0.4 mM dNTPs]. This buffer was
suitable also for initial multiplex PCR reactions containing a small
number of different primers. However, alterations of some
experimental conditions were necessary when further primer
additions into the multiplex PCR mix resulted in failure of
amplification reactions. Eventually, the multiplex PCR master mix
was generated using a different 2x PCR buffer [100 mM Tris-Cl,
pH 8.3, 100 mM KCl, 25 mM (NHy)oSO4 containing
4 mM MgCl, and 0.6 mM dNTPs]. The optimized multiplex
PCR master mix containing all serogroup/type-specific and ¢psA
primers in the range of 0.75 to 6.0 pmol concentrations was then
prepared in bulk and stored at —20°C until use.

(iv) Multiplex PCR reaction. For cach isolate, an amplifi-
cation reaction of 25 Ul was prepared in a PCR tube by mixing
19.5 ul of multiplex PCR master mix, 0.5 pul of Hot Start 7aq
DNA polymerase (2.5 U) and 5 ul of cell lysate containing DNA
sample.

(v) PCR cycling and product detection. The optimal PCR
cycling suitable for all primers was carried out in Corbett model
thermocycler (Corbett Life Science, Australia) under the following
conditions: 95°C for 10 min followed by 30 amplification cycles of
95°C for 50 s, 55°C for 30 s, 65°C for 2.5 min, and 1 cycle of
65°C for 10 min. The PCR products were analyzed on 3%
nusieve agarose gel (Gamma micropor, Prona, EU) containing
ethidium bromide. Following gel electrophoresis at 150 V for 3 to
5 hours, the images were recorded.
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(vi) Molecular size standards. In our initial experiments,
the sizes of PCR products were determined by using commercial
size standards. However, 50-bp or 100-bp ladders caused in-
terpretation problems especially for isolates of serogroup 3, 5 and
23F whose amplicons were 371 bp, 362 bp and 384 bp, re-
spectively. Two molecular size standards, M1 and M2, were thus
prepared for accurate discrimination of all PCV13-serogroups/
types by combining the amplicons of our PCRs. M1 contained
160 bp, 189 bp, 250 bp, 280 bp, 371 bp, 430 bp and 573 bp
amplicons, while M2 contained 160 bp, 304 bp, 362 bp, 384 bp,
478 bp, 753 bp and 826 bp amplicons.

Results

Assembly of One-step Multiplex PCR Master Mix

First, all primer pairs were amplified individually with the DNA
of targeted serogroups/types using standard 2x PCR buffer
[20 mM Tris-Cl, pH 8.3, 20 mM KCI, 5 mM (NH4),SO, con-
taining 2 mM MgCl; and 0.4 mM dNTPs] under the following
PCR cycling conditions: 95°C for 10 min followed by 30
amplification cycles of 95°C for 50 s, 55°C for 30 s, 72°C for
I min, and 1 cycle of 72°C for 10 min. Next, the one-step
multiplex PCR master mix and the experimental conditions
allowing detection of PCV13 serogroups/types were optimized in
a stepwise manner. In summary, individually working amounts of
two different primers were mixed and two PCR reactions were
carried out in the presence of 7ag DNA polymerase and DNA of
the targeted serogroups/types using the same buffer and cycling
conditions given above. The PCR products were visualized after
gel electrophoresis. If the two expected PCR products were
present, the third primer was added to this PCR mix, and a set of
three amplification reactions were conducted under the same PCR
conditions. In case of a decrease or complete loss of any expected
PCR products, the experimental conditions including PCR cycles
and concentrations of primers, Tris-Cl, KCl, MgCl, and dNTPs
were altered again and again until obtaining all three expected
PCR products in the gel. This approach was successfully applied
for developing our one-step multiplex PCR master mix containing
all primers and optimal cycling conditions which were given in the
Materials and Methods. As a result, the amplification reactions of
one-step multiplex PCR assay yielded serotype-specific PCR
products ranging from 189 bp to 826 bp and ¢psd-specific product
of 160 bp as shown in Table 1 and Fig. 1. The samples with
unamplified 160 bp positive control ¢psd target were repeated
twice. As described in the Methods, the reference strains targeted
by the PCV13 were successfully amplified in individual tubes by
running only one multiplex PCR reaction and all were then
correctly identified by gel electrophoresis using the serogroup/
type-specific M1 and M2 markers produced in our laboratory

(Fig. 1).

Validation of One-step Multiplex PCR Assay

One hundred and eighty two random clinical isolates, including
150 S. pneumoniae and 32 a-hemolytic streptococci, were used in
validation studies. All isolates were tested by one-step multiplex
PCR assay and conventional Quellung reaction with a double-
blind procedure. As shown in Fig. 2, all primer sets included in
one-step multiplex PCR master mix yielded specific amplification
products with the expected size when pneumococcal isolates
expressing the corresponding serogroups/types were tested, and
the use of serogroup/type-specific M1 and M2 markers resulted in
non-ambiguous interpretation of PCR products.

Validation studies demonstrated that the one-step multiplex
PCR assay results were in complete concordance with the
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Table 1. S. pneumoniae- and serogroup/type-specific primers used in this study.

Primer Sequence (5'—3’) Gene Product (bp) Reference

cpsA F GCAGTACAGCAGTTTGTTGGACTGACC wzg 160 [13]

(All serotypes) R GAATATTTTCATTATCAGTCCCAGTC

1 F CTCTATAGAATGGAGTATATAAACTATGGTTA capTH 280 [3]
R CCAAAGAAAATACTAACATTATCACAATATTGGC

3 F ATGGTGTGATTTCTCCTAGATTGGAAAGTAG cap3C 371 (3]
R CTTCTCCAATTGCTTACCAAGTGCAATAACG

4 F CTGTTACTTGTTCTGGACTCTCGATAATTGG wzy 430 (3]
R GCCCACTCCTGTTAAAATCCTACCCGCATTG

5 F ATACCTACACAACTTCTGATTATGCCTTTGTG wzy 362 (3]
R GCTCGATAAACATAATCAATATTTGAAAAAGTATG

6A/B F AATTTGTATTTTATTCATGCCTATATCTGG wciP 250 [3]
R TTAGCGGAGATAATTTAAAATGATGACTA

7F F CCTACGGGAGGATATAAAATTATTTTTGAG wewH 826 [3]
R CAAATACACCATATAGGCTGTTGAGACTAAC

oV F CTTCGTTAGTTAAAATTCTAAATTTTTCTAAG cps9VL 753 (3]
R GTCCCAATACCAGTCCTTGCAACACAAG

14 F GAAATGTTACTTGGCGCAGGTGTCAGAATT wzy 189 126]
R GCCAATACTTCTTAGTCTCTCAGATGAAT

Sg18 F CTTAATAGCTCTCATTATTCTTTTTTTAAGCC wzy 573 (3]
R TTATCTGTAAACCATATCAGCATCTGAAAC

19A F GTTAGTCCTGTTTTAGATTTATTTGGTGATGT cps19aK 478 n3]
R GAGCAGTCAATAAGATGAGACGATAGTTAG

19F F GITAAGATTGCTGATCGATTAATTGATATCC cps19fl 304 [3]
R GTAATATGTCTTTAGGGCGTTTATGGCGATAG

23F F GTAACAGTTGCTGTAGAGGGAATTGGCTTTTC cps23fJ 384 n3]
R GAATATTTTCATTATCAGTCCCAGTC

doi:10.1371/journal.pone.0050406.t001
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Figure 1. One-step multiplex PCR results of reference strains representing PCV13 serogroups/types (1, 3, 4, 5, 6A/B, 7F, 9V, 14, 18C,
19A, 19F and 23F). M1 and M2: markers composed of serogroup/type- and cpsA-specific DNA bands.
doi:10.1371/journal.pone.0050406.g001
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Figure 2. Representative results of clinical isolates tested by one-step multiplex PCR assay. M1 and M2: markers composed of serogroup/
type- and cpsA-specific DNA bands. Non-PCV13 and a-hemolytic streptococcus (NC) isolates are indicated in gray.

doi:10.1371/journal.pone.0050406.9g002

conventional serotyping results. Of the 150 S. pneumoniae isolates,
111 were identified as PCV13-serogroups/types and 39 were
recognized as non-PCV13 strains. All 32 a-hemolytic streptococci
isolate yielded negative results. While there was an excellent
correlation of results obtained by both methods at serogroup level,
there was some cross-reactivity at serotype level. As shown in
Table 2, the primers targeting 6A/B, 7F, 9V and 18C were not
completely serotype specific and they recognize additional 1 to 3
less common serotypes within the same serogroup [30-31].

Lastly, samples of one-step multiplex PCR master mix were
stored for a period of time in order to test the stability of the assay.
Shelf life examination demonstrated that the assay was functional
after a year of storage at —20°C.

Discussion

The capsular polysaccharide, a well-known virulence factor and
the serogroup/type determinant of pneumococci, prevents opso-
nization and phagosytosis of S.pneumoniae [32]. Pneumococcal
capsular vaccines (PCV7 and PCV13) protect against disease and
nasopharyngeal carriage due to the serotypes included in the
vaccine formulations [1,15,17,19]. Nevertheless, surveillance of
serotype prevalence patterns is very important since the serotypes
responsible for invasive disease can change over time
[10,16,18,20,23]. The recent availability of sequence information
of all serotypes has led to an interest in molecular typing methods.
The serogroup/type-specific primers yielding distinct amplifica-
tion products have been designed and different multiplex PCR
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schemes, capable of amplifying most disease-associated serotypes
by sequential reactions, have been reported since 2003 [3,13,25—
28]. The results indicated that the multiplex PCR method
accurately detects the serotypes and serogroups of pneumococcal
isolates.

In our study, we attempted to devise a multiplex PCR assay to
detect all PCV13-serogroups/types in one amplification reaction.
For this purpose, a single multiplex PCR master mix containing 12
primers targeting PCV13-serogroups/types was constituted and
the amplification conditions were optimized. The results showed
that our one-step multiplex PCR assay was successfully designed
and correctly identified PCV13-serogroups/types of invasive and
nasopharyngeal isolates. Unlike the available multiplex PCR
methods requiring performance of several sequential PCR assays
to detect serogroups/types present in PCV13 [3,13,25-28], our
multiplex PCR assay determined the serogroup/type of an isolate
by running only one PCR reaction. As previously described, there
is however some cross-reactivity and the antiserum method would
still be required in order to fully type the isolates of serogroup 6, 7,
9 and 18.

To our knowledge, this is the first report on identification of all
PCV13-serogroups/types by performing a one-step multiplex
PCR. Results of our experiments demonstrated the capacity of
our multiplex PCR assay for typing all PCV13-serogroups/types.
Additionally, non-vaccine types and a-hemolytic streptococci were
also reliably identified by this assay based on the presence and
absence of internal control ¢psd product. Thus, as a specific and
sensitive serotyping tool, our one-step multiplex PCR assay can be
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applied in most research and public health laboratories for
screening large numbers of isolates in a single day.

Misinterpretation of the multiplex PCR gels has been reported
to be a minor limitation of PCR-based serotyping [33]. Taking this
technical difficulty into consideration, we prepared M1 and M2
size standards. In our setting, using the serogroup/type-specific
markers and extending the gel run assured precise discrimination
of all amplicons, including serogroup 3, 5 and serotype 23F with
size differences of as low as 9-13 bp.

While the results of many studies previously demonstrated that
the multiplex PCR was highly accurate, fast and cost-effective
method [2-3,10,25,27], there is yet no manufactured multiplex
PCR system commercially available for determination of the most
mnvasive serogroups/types targeted by PCV13. In its present form,
our multiplex PCR assay could be manufactured as a commercial
typing kit for rapid screening of pneumococcal isolates.

As a conclusion, the information gathered by our one-step
multiplex PCR assay successfully guides the experimenter and
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