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Summary To investigate epidemiology of invasive pneu-
mococcal disease (IPD) in the central part of Slovenia in 
a population with no routine pneumococcal vaccination, 
we carried out serotyping of isolates by sequential mul-
tiplex polymerase chain reaction (PCR) and genotyping 
by repetitive sequence-based PCR (rep-PCR) and some 
by multilocus sequence typing. IPD was confirmed in 
134 (26.5 %) of 510 acutely ill patients, either by a positive 
blood culture or real-time PCR (rt-PCR). In 94 patients, 
isolates were available for typing (24 from blood and 70 
from nasopharynx). They belonged to 12 different sero-
types; the most prevalent were 14 (27.6 % isolates), 9V, 3 
(12.7 % each), 7F (9.5 %), 19A, and 1 (7.4 % each) followed 
by 4, 6A/B, 19F, 23F, 18C, and 33F. Genotyping yielded 
34 rep-PCR genotypes and 13 subtypes; six were found 
in serotype 14, one in 9V, four each in 3, 19A, and 6A/B, 
three each in 7F and 1, and two each in 4, 19F, 23F, and 
18C. Serotype 9V was the most homogenous and 14 and 
19A were heterogenous and had two divergent clonal 
groups each. The most common genotypes belonged to 
virulent widespread clones, like ST162, ST9, ST15, ST156, 
ST191, and ST1377; however, sporadic clones were also 
observed.
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Introduction

Streptococcus pneumoniae is considered an important 
global pathogen that causes otitis media, pneumonia, 
and invasive pneumococcal disease (IPD). It is known 
to be a genetically diverse species [1]. Although serotype 
is important in determining invasiveness, virulence fac-
tors of the pneumococcus have now been found to vary 
according to serotype and genotype [2–4]. Jefferies et al. 
[5] observed that trends in incidence of IPD due to cer-
tain serotypes and clones are occurring also without vac-
cine introduction. There is substantial overlap between 
serotypes and genotypes that are colonizing and those 
that are recovered from invasive disease [1].

Pulsed-field gel electrophoresis (PFGE) is a reference 
method for typing different bacterial species, including 
pneumococci, but it is time-consuming, labor-intensive, 
and poorly reproducible [6]. Multilocus sequence typing 
(MLST) is a reproducible method that provides unambi-
gous sequence types (ST), but has lower discriminatory 
power than PFGE and is also costly and time-consum-
ing [7]. Repetitive sequence-based PCR (rep-PCR) uses 
primers that target noncoding repetitive sequences 
interspersed in bacterial genomes. The recently com-
mercialized DiversiLab system is a rep-PCR technique 
offering semiautomation, standardization, and higher 
reproducibility compared with a manual technique. 
Most commonly, rep-PCR is used for typing gram-nega-
tive bacteria, but there are reports of typing enterococci, 
streptococci, and staphylococci as well [8, 9].

To investigate epidemiology of IPD in the central part 
of Slovenia in a population with no routine pneumococ-
cal vaccination, we carried out serotyping of isolates by 
sequential multiplex PCR and genotyping by rep-PCR. 
The main rep-PCR genotypes were subsequently typed 
by MLST.
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Patients, materials, and methods

In a prospective study during an 18-month period in 
2011 and 2012, 510 acutely ill patients (325 children and 
185 adults) with clinical signs of IPD were enrolled. IPD 
was confirmed in 134 (26.3 %) of them (88 children and 
46 adults), either by a positive blood culture or positive 
real-time PCR (rt-PCR) from blood targeting Streptococ-
cus pneumoniae lytA gene [10, 11], as was described in 
detail previously [12]. Among 134 patients with IPD, 94 
(66 children and 28 adults) had isolates available for 
serotyping and genotyping. In 24 patients, isolates from 
blood were available (in 14 of them, 5 adults and 9 chil-
dren, also isolates from nasopharynx). In the remaining 
70 patients (in whom IPD was detected only by positive 
rt-PCR from blood), only isolates from nasopharynx 
were available for typing. Penicillin susceptibility of iso-
lates was tested by E test according to Clinical Labora-
tory Standards Institute [13].

Serotyping Streptococcus pneumoniae by 
sequential multiplex PCR

Serotyping was performed using the method developed 
by Pai et al. [14] instead of Neufeld Quellung reaction. 
Briefly, in 5 sequential multiplex PCR reactions, 21 most 
frequent serotypes in our area (in the first reaction, 14, 
1, 3, and 9V; in the second, 6A/B, 23F, 19A, 7F, and 10A; 
in the third, 19F, 4, 18, 22F, and 16F; in the fourth, 8, 33F, 
15B, 38, and 17F; and in the fifth, 11A and 35F) were 
determined.

Genotyping

Genotyping was performed by semiautomated rep-PCR 
with the use of Diversilab System as already described 
[8]. Fifteen isolates (at least one of the most frequent rep-
PCR genotype or subtype of each serotype) were addi-
tionally typed by MLST.

Semiautomated repetitive-sequence based PCR

Genomic DNA was extracted using the UltraClean micro-
bial DNA Isolation kit (MoBio Laboratories), and rep-
PCR was performed following the kit instructions. DNA 
fingerprint patterns were compared using the Pearson 
correlation coefficient determination in the DiversiLab v 
3. 1 software that assesses both band position and band 
intensity and unweighted pair group method with arith-
metic mean (UPGMA) algorithm to create dendrograms. 
Isolates with the similarity index of ≥ 97 % and no obvious 
band differences were indistinguishable or had the same 
genotype, those with one-band difference were related 
or subtypes, and those with < 97 % similarity or two or 
more bands’ difference had different genotype [8].

Multilocus sequence typing

MLST was performed using the method developed by 
Enright and Spratt [15] on at least one isolate within each 
serotype, especially if the most frequent rep-PCR geno-
type. Alleles and STs for MLST were assigned with refer-
ence to the S. pneumoniae MLST database [16].

Results

The 94 isolates from patients with IPD belonged to 12 
different serotypes and were determined in four of five 
sequential multiplex PCR reactions. In the first PCR reac-
tion, serotype was determined for 61 % isolates, and in 
the second, third, and fourth for additional 26, 12, and 
1 % isolates, respectively.

The most frequent were serotypes 14 (27.6 % isolates), 
9V and 3 (12.7 % isolates each), 7F (9.5 % isolates), 19A 
and 1 (7.4 % isolates each), followed by 4, 6A/B, 19F, 23F, 
18C, and 33F. In children, the most prevalent serotypes 
were 14, 9V, 3, 7F, 1, 19A, and 6A/B, and in adults, sero-
types 3, 14, 9V, 7F, 4, 19A, and 1 (Table 1).

Genotyping by rep-PCR yielded 34 genotypes and 13 
subtypes (together 47). In all, 6 genotypes were found 
in 26 isolates of serotype 14 (G18–23; 1 of them ST156, 1 
ST9, 1 ST15), 1 genotype and 1 subtype in 12 isolates of 
serotype 9V (G17a, b; ST162), 4 in 12 isolates of serotype 
3 (G4–7; 1 of them belonged to ST1377), 3 in 9 isolates of 
7F (G14–16; 1 of them belonged to ST191), 4 in 7 isolates 
of serotype 19A (G26–29; 1 of them belonged to ST416), 
3 in 7 isolates of serotype 1 (G1–3; 1 of them belonged 

Table 1 Serotypes and genotypes of Streptococcus pneu-
moniae isolates from blood and nasopharynx (NP) in pa-
tients with IPD

Serotype Total number of 

primoisolates

Children/

adults

Number of 

isolates from 

blood/NP

Number of 

genotypes 

(subtypes)

14 26 (27.6 %) 21/5 6/20 6 (4)

9V 12 (12.7 %) 8/4 3/9 1 (1)

3 12 (12.7 %) 6/6 1/11 4 (2)

7F 9 (9.5 %) 6/3 3/6 3 (0)

19A 7 (7.4 %) 5/2 1/6 4 (3)

1 7 (7.4 %) 5/2 1/6 3 (0)

4 5 (5.3 %) 2/3 4/1 2 (1)

6A/6B 5 (5.3 %) 5/0 3/2 4 (0)

19F 4 (4.2 %) 3/1 1/3 2 (0)

23F 4 (4.2 %) 3/1 1/3 2 (2)

18C 2 (2.1 %) 1/1 0/2 2 (0)

33F 1 (1.1 %) 1/0 0/1 1(0)

Total 94a 66/28 24a/70 34 (13)
aIn 9 children and 5 adults, in whom serotype was determined from blood 
and nasopharynx, only serotype from blood is included
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18C (G24–25; 1 of them belonged to ST100) and 1, G34 in 
1 of serotype 33F (Tables 1 and 2). In all five adults and in 
seven of nine children, where both isolates from blood 
and nasopharynx were available, genotypes matched, 
but in two children, they did not.

to ST306), 2 in 5 isolates of serotype 4 (G8–9; 1 of them 
belonged to ST205), 4 in 5 isolates of 6A/B (G10–13; 1 of 
them belonged to ST473), 2 in 4 isolates each of serotype 
19F (G30–31; 1 of them belonged to ST179) and 23F (G32–
33; 1 of them belonged to ST36), 2 in 2 isolates of serotype 

Table 2 Genotypes by rep-
PCR and sequence types 
(ST) by MLST of isolates 
from blood or nasopharynx 
in patients with IPD (*isolates 
from blood)
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some genotypes inside a certain serotype were geneti-
cally related to isolates of other serotype.

Among five adults, where both isolates from blood 
and nasopharynx were typed, isolates from nasopharynx 
were indeed representatives of blood isolates; however, 
this conclusion was not supported by results in two of 
nine children, due to frequent carriage of multiple strains 
of pneumococci [19].

The bacterial population in our study was heterog-
enous, indicating some more virulent worldwide clones 
and also some sporadic clones. Although capsular type 
may be more important for the invasiveness than the 
overall genotype, regions of genetic diversity are also 
important for the virulence. Further studies are required 
to examine the invasiveness of different clones of the 
same serotype.
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