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Abstract Serotyping of Streptococcus pneumoniae is essential
for monitoring changes in the pneumococcal population and
the impact of vaccines. Recently, various DNA-based methods
have become available and are increasingly used because they
are cheaper and easier to perform than the Quellung reaction.
Our aim was to apply a DNA-based method, capsular sequence
typing (CST), to a collection of non-viable lyophilized pneu-
mococcal isolates dating from the 1980s to elucidate the sero-
types circulating in Italy 30 years ago. As a preliminary evalu-
ation of the method, CSTwas applied to 68 recent pneumococ-
cal isolates representative of the most common serotypes cir-
culating in Italy in invasive pneumococcal disease (IPD) pre-
viously serotyped by the Quellung reaction. CST was then
applied to 132 lyophilized non-viable isolates. A serotype-
specific polymerase chain reaction (PCR), using primers sug-
gested by the Centers for Disease Control and Prevention
(CDC), was performed when CST did not yield a univocal
serotype. Considering the control isolates, CST concordance
with the Quellung reaction was 95.6 %. For the non-viable
lyophilized isolates, CST identified a univocal serotype for
59.4 % of the isolates. This percentage increased to 78.1 % if
CSTwas combined with serotype-specific PCR. The most fre-
quent serotypes in the collection of non-viable strains were: 3

(15.6 %), 14 (11.7 %), 35B (5.5 %), 19A (5.5 %), and 8
(4.7 %). CST proved to be a valid method for serotyping pneu-
mococcal strains and provided information about pneumococ-
cal serotypes present in Italy 30 years ago. The combination of
CST with serotype-specific PCR was an effective strategy to
identify pneumococcal serotypes that can be suggested also for
routine laboratories.

Introduction

Streptococcus pneumoniae is an important human pathogen
that causes a wide range of infections, including otitis media,
sinusitis, pneumonia, and invasive pneumococcal diseases
(IPDs), such as meningitis and bacteremia [1]. Streptococcus
pneumoniae is responsible for a high rate of morbidity and
mortality in the extreme ages of life; that is, in infants and
adults over 60 years age, for whom immunization with pneu-
mococcal vaccines is recommended [1].

More than 90 serotypes of S. pneumoniae have been de-
scribed on the basis of the immunochemical structure of the
polysaccharide capsule, the principal virulence factor of
S. pneumoniae against which antibodies provide protection [2].
Vaccines in use against the pneumococcus contain the capsular
polysaccharides of the most common serotypes associated with
serious disease and, over the years, have undergone several
changes in their composition. In 1977, a pneumococcal vaccine
composed of polysaccharides from 14 different serotypes (14-
valent vaccine) was introduced, which was then replaced by a
23-valent vaccine in 1983 [3]. These polysaccharide vaccines
were effective in adults but provided low immunogenicity in
children younger than 2 years old. This limitation led to the
development of vaccines conjugated with carrier proteins to in-
crease immunogenicity [4]. In 2000, the first glycoconjugate
vaccine containing seven different serotypes, named PCV7,
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was introduced in the USA and subsequently in other countries
[5]. PCV7 included polysaccharides of serotypes 4, 6B, 9V, 14,
18C, 19F, and 23F, the most common serotypes isolated from
infants younger than 5 years old in the USA [6]. PCV7 intro-
duction led to a conspicuous overall decline of IPD associated
with vaccine serotypes. Concurrently, however, there was a re-
placement of vaccine serotypes with non-vaccine serotypes in
carriage and infections that led to an increased incidence of IPD
associated with less common serotypes. The selective pressure
due to immunization also contributed to the expansion of “cap-
sular switch” variants, emerging by a recombination event at the
capsular locus (cps) that caused a switch from vaccine to non-
vaccine serotype [7]. Higher valency polysaccharides–protein
conjugated vaccines, PCV10 and PCV13, were introduced in
the following years, including all the PCV7 serotypes with the
addition of serotypes 1, 5, and 7F in PCV10 and serotypes 1, 3,
5, 6A, 7F, and 19A in PCV13 [4].

Information about serotype distribution is essential to mon-
itor changes in the pneumococcal population due to the selec-
tive pressure of the vaccines in use and to evaluate the possible
impact of future vaccines.

Nowadays, different serological and genotyping approaches
are used to assign a capsular type to pneumococcal isolates.
The Quellung reaction is still considered the gold standard for
serotyping, although it has the disadvantage of requiring an
expensive array of specific antisera and technical expertise [8,
9]. Several genotyping methods, based on the detection of spe-
cific sequences in the capsular loci, have been described and
are widely used, such as polymerase chain reaction (PCR)-
based serotyping, DNA microarray, and sequence-based
methods [4]. Among these, several multiplex PCR assays
[10–12] and real-time PCR [13, 14] targeting genes in the cps
locus have been developed in the last decade. The most widely
used methods are those proposed by the Centers for Disease
Control and Prevention (CDC), able to identify up to 40 differ-
ent serotypes/serogroups by a sequential series of assays
(http://www.cdc.gov/streplab/pcr.html). Molecular methods
have the advantage of being cheaper and easier to perform
and, in addition, do not require viable isolates.

Recently, Elberse et al. developed a new molecular method
designed for identifying pneumococcal serotypes, named cap-
sular sequence typing (CST) [15]. In particular, these authors
used CST to better understand changes in the pneumococcal
population, analyzing a large number of isolates obtained
from IPD before and after PCV7 introduction in the
Netherlands. CST is based on the amplification and sequenc-
ing of a fragment of the capsular genewzh (cpsB), a regulatory
gene involved in tyrosine phosphorylation required for cap-
sule biosynthesis [16]. Elberse and collaborators chose to tar-
get wzh because it is conserved enough among the different
serotypes to be amplified by using the same set of primers, yet
its sequence is divergent in the various serotypes to allow
serotype assignment [15].

The aim of this study was to assess the CST feasibility for
pneumococcal serotyping and its application on a collection of
lyophilized non-viable pneumococcal strains from IPD dating
back to the 1980s, in order to elucidate the serotypes circulat-
ing in Italy 30 years ago.

Materials and methods

Isolates

As a preliminary step and evaluation of the method, a total of
68 S. pneumoniae isolates were chosen to verify the agree-
ment between the Quellung reaction and CST. The pneumo-
coccal isolates were representative of the 33 most common
serotypes circulating in Italy in IPD in recent years (2012–
2013) and included all PCV13 serotypes (Table 1). The iso-
lates (1 to 3 for each serotype) had been previously serotyped
by the Quellung reaction, using a panel of commercially avail-
able antisera produced by the Statens Serum Institut,
Copenhagen, Denmark.

To perform molecular analyses, bacteria were grown over-
night on Columbia agar plates with 5 % sheep blood at 37 °C
in an atmosphere enrichedwith 5%CO2. For each isolate, one
loopful of the bacterial growth was resuspended in 200 μl of
distilled water and heated for 10 min at 95 °C; the lysate was
then immediately used for PCR or stored at −20 °C until use.

A total of 132 pneumococcal isolates were available in
lyophilized form in the collection of Istituto Superiore di
Sanità originating from a surveillance of IPD conducted in
Italy during the 1980s [17]. No records describing the source
of the isolates or their serotype were found.

Each lyophilized isolate was resuspended in 400 μl of dis-
tilled water. No growth was obtained from the lyophilized
suspensions on repeated subcultures. For molecular
serotyping, DNA was extracted from 200 μl of lyophilized
suspensions using the QIAmp DNA Mini Kit (Qiagen,
Hilden, Germany).

Molecular analyses: CST

CST is based on the amplification of a fragment of the wzh
gene. To amplify the different alleles of wzh, seven amplifica-
tion primers are used, comprising three forward primers and
four reverse primers. Primers are modified with anM13-tail at
the 5′ end that allows sequencing of the ampliconwith anM13
universal primer pair [15].

The PCR assay to amplify wzh was performed in a 25 μl
volume containing Qiagen HotStarTaq mix, 10 μM of each of
the seven primers and 5 μl of sample (pneumococcal lysate or
DNA extract), according to the protocol described by Elberse
et al. [15]. Amplicons were sequenced and DNA sequences
were analyzed using DNASTAR Lasergene software (version
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8.0.2; DNASTAR, Madison, WI, USA). The sequence of 506
base pairs obtained was then submitted to the CST website
(http://www.rivm.nl/mpf/spn/cst) that automatically assigns
the capsular type (CT) and the associated serotype of the

isolate. The CT is composed of two parts, the first indicating
the serotype and the second representing the number of the
wzh allele belonging to the same serotype. For example, CT07
F-01 indicates the first allele of a strain identified as 7F [15].

If a sample did not yield wzh amplification, PCR for wzg
(cpsA), a conserved capsular gene, was performed to confirm
S. pneumoniae identification (http://www.cdc.gov/streplab/
pcr.html).

When CST did not yield a univocal serotype but multiple
serotypes or serogroup(s), or did not yield a knownCT but only
a best matching CT for a serotype, we tried to determine the
specific serotype by performing one or more additional PCR
assay(s). Each additional PCR (serotype-specific PCR) targeted
each of the serotypes suggested by CST, if specific primers
were available. The primers used were derived from the proto-
col of the CDC for multiplex PCR serotype deduction
(http://www.cdc.gov/streplab/pcr.html). The PCR conditions
were adapted for single reactions instead of multiplex reactions.

Since, in most cases, CST was not able to distinguish be-
tween 6A and 6B, an additional PCR targeting the wcpI gene
and sequencing were performed in order to recognize the ca-
nonical single point mutation distinguishing 6A from 6B [18].

Results

CST evaluation in control strains

Comparison of the results obtained by the Quellung reaction
and CST revealed concordance for 65 out of 68 (95.6 %) of the
isolates. In 34 isolates (52.3 %), CST yielded a CT associated
with a univocal serotype, while in the other isolates, CST
yielded a CTassociated with multiple serotypes or serogroup(s)
that included the serotype obtained by the Quellung reaction.
Only for 3 out of 68 control isolates (4.4 %) were the CST and
the Quellung results not concordant (Fig. 1 and Table 1). In one
case, the Quellung reaction identified serotype 15C, while CST
identified CT23F-06 associated with serotype 15B; in the sec-
ond case, the Quellung reaction assigned serotype 16F, while
CST assigned CT23A-01 associated with serotype 23A; in the
third case, the Quellung reaction identified serotype 29 (this
result was confirmed at the Statens Serum Institut,
Copenhagen, Denmark), while CST identified CT15C-01 as-
sociated with serotypes 17A/35B/35C. These discrepancies
were confirmed on repeated testing.

CSTunivocally identified 15 of the 33 serotypes included in
this study, in agreement with the Quellung reaction (serotypes
1, 3, 4, 5, 6A, 8, 9V, 10A, 14, 15A, 18A, 19A, 19F, 23A, and
23B). All serotypes included in PCV13 were correctly identi-
fied by CST. Nine of these serotypes were identified as univo-
cal serotypes (Table 1). As for the other four PCV13 serotypes,
serotypes 7F and 18C were identified at the corresponding
serogroup level, while serotype 23F was identified as multiple

Table 1 Concordance between Quellung results and capsular sequence
typing (CST)

Serotype by Quellung (no.) CT CST serotype

1 (2) 01-01 1

3 (2) 03-01 3

03-03 3

4 (2) 04-01 4

5 (2) 05-01 5

6A (2) 06A-01 6A

6B (2) 06B-01 6B/6A

06B-02 6B

6C (2) 06C-01 6C/6A/6D

7F (2) 07F-01 7F/7A

8 (3) 08-01 8

9V (2) 09V-01 9V

10A (2) 10A-01 10A

11A (3) 11A-01 11A/11D/18F

12F (2) 12F-02 12F/12B

14 (2) 14-02 14

15A (2) 15A-01 15A

15B (2) 15B-01 15B/15C/19B

23F-06 15B

15C (2) 15B-01 15B/15C/19B

23F-06 15Ba

16F (2) 16F-01 16F

23A-01 23Aa

18A (2) 18A-01 18A

18C (2) 18C-01 18C/18B

19A (2) 19A-01 19A

19F (2) 19F-01 19F

19F-06

20 (2) 20-01 20/13

22F (2) 22F-01 22F/22A/15B

23A (2) 23A-01 23A

23B (2) 23B-01 23B

23B-03

23F (2) 23F-01 23F/15B/15C

24F (3) 24F-01 24F/40

25A (2) 25F-02 25F/25A/38

29 (1) 15C-01 17A/35B/35Ca

33F (2) 33F-02 33F/33A/35A

35B (2) 15C-01 17A/35B/35C

35F (2) 35F-01 35F/47F

a Lack of concordance between the Quellung result and CST

Serotypes identified as univocal serotype in concordance with CST are in
bold; serotypes included in PCV13 are underlined
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serotypes including 23F. Of the two serotype 6B isolates, one
was associated with the univocal serotype 6B, while the other
was associated with serotypes 6A/6B (Table 1).

CST application to lyophilized non-viable strains

After this evaluation, CST was applied to 132 lyophilized
strains that were non-viable in culture. Four of the 132 lyoph-
ilized strains did not yield any amplicon for the wzh gene,
although they were positive for wzg, indicating that they were,
indeed, strains of S. pneumoniae. Among the 128 wzh-positive
strains, CST identified a CTassociated with a univocal serotype
in 76 isolates (59.4 %), with multiple serotypes or serogroup(s)
in 50 isolates (39 %), while for two isolates (1.6 %), CST

identified a novel CT allele with a sequence not associated to
any serotype or serogroup(s) (Fig. 2 and Table 2).

In order to clarify the serotype of isolates for which CST
indicated multiple serotypes or serogroup(s), further testing
was attempted. Based on the availability of published specific
primers, one or more serotype-specific PCR assays targeting
each serotype suggested by CST were performed. Out of 42
isolates that were submitted to additional PCR assays, a univ-
ocal serotype was obtained for 23 isolates (54.8 %); for 13
isolates (30.9 %), a univocal serogroup was obtained, while
for 6 isolates (14.3 %), the serotype remained undetermined
(ND) (Fig. 2 and Table 2).

Regarding the two isolates for which CST identified a novel
allele, the CST database assigned a best match CTwith 99.8%
identity associated with the corresponding serotype 18C and

31 (47.7%)
multiple CST serotypes or serogroup(s)

3 (4.4%)
CST serotype not concordant with the 

Quellung

65 (95.6%)
CST serotype concordant with the 

Quellung

34 (52.3%)
univocal CST serotype

68
invasive strains

Fig. 1 Flow chart showing
concordance between capsular
sequence typing (CST) and the
Quellung reaction on 68 control
strains

4 (3%)
neg for wzh

(pos for wzg)

128 (97%)
pos for wzh
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univocal CST

serotype

132
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serotypes or 
serogroup(s)

2 (1.6%)
novel CT allele

42 additional 
serotype-specific 

PCR

2 additional 
serotype-specific 

PCR

1 univocal serotype
1 univocal serogroup

23 (54.8%)
univocal serotype

13 (30.9%)
univocal serogroup

8 no serotype-
specific PCR 

available

6 (14.3%)
undetermined

Fig. 2 Flow chart of the 132
lyophilized strains analyzed with
CST and serotype-specific
polymerase chain reaction (PCR)
targeting serotypes suggested by
CST
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serotype 19A for the two isolates (Table 2). These serotype
assignments were confirmed by PCR that identified serogroup
18 and serotype 19A, respectively. The sequences were sub-
mitted to the CST database curator, obtaining the new allele
designations CT18X-01 and CT19A-09, respectively.

Overall, the combination of CST with serotype-specific
PCRwas able to characterize 78.1% of isolates to the serotype
level and 17.2 % to the serogroup level.

Four isolates were assigned by CST to serogroup 6. A PCR
assay targeting wcpI followed by sequencing of the amplicon
was performed to detect the single point mutation
distinguishing between serotypes 6A and 6B. The results
showed that two of the isolates were serotyped 6A and two
were serotyped 6B (Table 2).

On the basis of CST and serotype-specific PCR, the most
frequent serotypes in the collection of 132 non-viable Italian
IPD strains isolated during the 1980s were: 3 (15.6 %), 14
(11.7 %), 35B (5.5 %), 19A (5.5 %), and 8 (4.7 %); 51 % of
the strains were serotypes included in PCV13 (in order of
frequency, serotypes 3, 14, 19A, 5, 1, 4, 23F, 19F, and 6A)
(Fig. 3).

Discussion

The serotyping of S. pneumoniae is essential to monitor the
epidemiology of this microorganism and to evaluate the im-
pact of current vaccines. In the last decade, several molecular
methods for pneumococcal serotyping have been described
and different multiplex PCR assays have been developed
[10–12]. Recently, Elberse and collaborators demonstrated
that CST is a useful molecular method for serotyping a large
number of S. pneumoniae isolates because of its rapidity and
easiness to perform, requiring only one amplification step and
sequencing [15, 19]. One limitation that CST shares with mul-
tiplex PCR assays and other molecular techniques is that, in
several cases, it does not indicate a single serotype but multi-
ple serotypes or serogroup(s). However, CST is able to iden-
tify a wide range of serotypes, including rare serotypes,
whereas multiplex PCR assays can identify only selected se-
rotypes based on the availability of specific primers.

In this study, we applied CST to a collection of lyophilized
non-viable pneumococcal isolates dating back to the 1980s.
This collection was potentially precious to gain information
about the pneumococcal serotypes causing IPD in Italy
30 years ago.

The feasibility and performance of CST was firstly evalu-
ated with contemporary viable pneumococcal isolates circu-
lating in Italy. The results of this step showed a high concor-
dance (95.6 %) between CST and the Quellung reaction
serotyping, in line with data reported by Elberse and collabo-
rators [15]. In only a few cases was there a discrepancy lead-
ing to a different serotype. In particular, for one isolate,

identified as serotype 15C by the Quellung reaction and as
15B by CST, this cannot be considered a real discrepancy
because switching between these serotypes can occur both
in vivo and in vitro, and is a reversible phenomenon [20].

Table 2 Results of CST and serotype-specific polymerase chain
reaction (PCR) on 128 lyophilized strains

No. of
isolates

CST Serotype-specific PCR

CT Serotype Positive Negative

4 01-01 1
1 03-01 3
4 03-02 3
15 03-03 3
4 04-01 4
5 05-01 5
1 06A-01 6A
3 06A-03 6A/6Ba

1 06A-04 6A/6B/6C 6A/6Ba

2 07F-01 7F/7A
6 08-01 8
1 09N-01 9N/9L
1 09V-03 9V/9A
4 10A-01 10A
1 10B-01 10B
2 12A-01 12A
2 14-01 14
13 14-02 14
2 15B-01 15B/15C/19B 15B/15Cb

6 15C-01 17A/35B/35C 35B
1 17A/35B/35C 35Bb

1 15C-02 17A/35B/35C 35B
4 17F-01 17F/33C 17F
1 17F/33C 17F/33Cc

1 18C-01 18C/18B
6 19A-01 19A
1 19F-01 19F
1 19F-01, 19F-03 19F
5 20-01 20/13 20
3 21-01 21
3 22F-01 22F/22A/15B 15B
5 22F/22A/15B 22F/22A
2 22F/22A/15B 15B/22F/22Ac

2 23A-01 23A
3 23F-01 23F/15B/15C 23F
1 23F/15B/15C 15B/15C
3 24F-01 24F/40 24F/24A/24B
1 28A-01 28A
3 33F-02 33F/33A/35A 33F/33A
1 34-01 34/17A 34
1 Novel alleled Best match

serotype 19A
19A

1 Novel allelee Best match
serotype 18C

18

a For these four strains, a specific PCR for identifying 6A and 6B was
performed
b Isolates resulted negative in serotype-specific PCR only for the sero-
types indicated in the table
c Isolates resulted negative in serotype-specific PCR for all serotypes
suggested by CST
dNovel CT allele assignment 19A-09
eNovel CT allele assignment 18X-01
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Recently, a method similar to CST, named the sequetyping
assay, which is also based on amplification of thewzh gene for
serotyping S. pneumoniaewas developed by Leung et al. [21].
Differences with CST rely on the size of the amplicon, in the
number of primers used for the amplification, and in the data-
base used to analyze the sequences and assign the serotype.
Dube et al. have applied the sequetyping assay on control
pneumococcal isolates and on carriage isolates also tested by
real-time multiplex PCR in order to compare the two molec-
ular methods. The results of the control isolates showed a
concordance between the Quellung reaction and the
sequetyping assay or the real-time multiplex PCR of 88 and
100 %, respectively [22]. When the two molecular methods
were applied to a large number of pneumococcal carriage
isolates, the Quellung reaction concordance with the
sequetyping assay and real-time multiplex PCR was 85 and
52 %, respectively.

The application of CST on lyophilized isolates yielded a
univocal serotype for 59.4 % of the isolates. In addition, ap-
plying one or more serotype-specific PCRs, a univocal sero-
type was obtained in 24 other isolates, reaching a total per-
centage of 78.1 % of isolates serotyped.

Based on our results, we propose an algorithm that com-
bines two molecular methods: CST followed by serotype-
specific PCR assay(s) when CST indicates more than one
serotype. This algorithm could be applied to serotype viable
as well as non-viable pneumococcal isolates and could also be
applied to serotype S. pneumoniae directly in clinical samples,
without the use of culture. Elberse and collaborators described
the use of a modified CST protocol with enhanced sensitivity
for directly serotyping S. pneumoniae in DNA extracts from
blood samples [23].

An added value of CST is the possibility to use it also in
laboratories that do not have the technical expertise of
performing the Quellung reaction or that cannot afford the cost
of an expensive panel of antisera. The importance of develop-
ing a simple and cheap strategy for routine pneumococcal
serotyping and serotype surveillance has also been underlined
by Jin and collaborators [24], who proposed a combination of
the sequetyping assay described by Leung et al. with multiplex

PCR. This strategy has been designed for studying the pneu-
mococcal distribution especially in countries such as China,
where the conventional Quellung reaction is only available in
a few laboratories due to the high cost of the reagents.

In this study, the use of the collection of lyophilized strains
dating back to the 1980s has also allowed us to evaluate the
distribution of pneumococcal serotypes in Italy during that
period; serotypes 3, 14, 35B, 19A, and 8 were more frequent
among invasive disease. Two out of the five most common
serotypes (serotypes 3 and 8) were included in the 14-valent
vaccine that was available at that time [3]. Few studies regard-
ing the pneumococcal serotype distribution in Italy were per-
formed during the 1980s. An Italian multicenter study on the
distribution of pneumococcal serotypes conducted in 1979
showed that serotypes/serogroup(s) 19, 6, 3, 20, 9, and 4 were
the most common [25]. Another surveillance study dating
from 1981 found that serotypes 19A, 3, and 8 were very fre-
quent among S. pneumoniae causing serious diseases in Italy,
while serotype 14 was less frequent and serotype 35B was not
mentioned [26]. Our results are also in line with the serotype
distribution reported in a large surveillance study of
S. pneumoniae isolates mainly from European countries, in-
cluding Italy, obtained in the years 1982–1987, although in
this study, serotype 35B was infrequent in both adults and
children [17].

The major limit of our study is that no demographic or
clinical information of patients, from whom non-viable iso-
lates derived, is available. Therefore, we could not ascertain
that our data are representative of overall pneumococcal sero-
types circulating in Italy during the 1980s.

In conclusion, even if the Quellung reaction remains the
gold standard for pneumococcal serotyping of viable strains,
CST has proven to be a valid method for serotyping large
collections of both viable and non-viable pneumococcal
strains because of the cheapness, easiness of use, and ability
to identify rare or uncommon serotypes. CST also has the
advantage of a free accessibility database for the assignment
of serotype, although our experience suggests that it should be
more interactive. The algorithm that we propose combining
CST with serotype-specific PCR may increase the possibility
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of obtaining more univocal results in a very tight timescale
and may become a powerful combination for laboratories for
routinely serotyping S. pneumoniae strains.
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